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Just how much of what we taste derives
from the sense of smell?
Charles Spence1,2

Abstract

It is frequently asserted that somewhere between 75 and 95 % of what we commonly think of as taste actually
comes from the sense of smell. However, empirical evidence in support of such a precise-sounding quantitative
claim is rarely, if ever, cited. Indeed, a closer look at the study that appears to have given rise to statements of this
general type simply does not support the claim as made. As we will see, the often confused, and certainly
confusing, use of the term “taste”—sometimes in the layman’s everyday sense of flavour and, at other times, in the
more precise scientific meaning of gustation, adds to the difficulty here. Furthermore, the widespread disagreement
concerning which senses should be considered as constitutive of flavour perception and which merely modulatory
means that it is probably not going to be possible to provide an exact answer to the question of how much of
what people commonly think of as taste actually comes from the nose, until one has carefully defined one’s terms.
Even then, however, the answer is likely to vary quite markedly depending upon the particular combination of
olfactory and gustatory stimuli that one is thinking about. Nevertheless, despite the difficulty associated with
generating a precise value, or even range of values, most researchers would appear to agree that olfaction plays a
“dominant” role in the tasting of food. This important observation (just without the precise-sounding percentages
attached) certainly deserves to be shared more widely. Crucially, the evidence suggests that it can sometimes
inspire the modernist chefs, not to mention the culinary artists and designers, to change the way in which they
deliver multisensory flavour experiences to their customers (in order to capitalize on olfaction’s often dominant role
in our perception of food and drink).
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“To which of our senses are we most indebted for the
pleasures of the table? To name the sense of taste in
answer to this question would be quite as incorrect as
to assert that we go to the opera to please our eyes.
More incorrect, in fact, because many do attend the
opera chiefly on account of the spectacle; whereas, in
regard to gastronomic delights it is safe to say that at
least two-thirds of our enjoyment is due to the sense
of smell.” (Henry T. Fincks, [1], p. 680)

Review
One of the most pervasive claims in the food science
literature, as well as in press articles about food and
flavour, is that between 75 and 95 % of what we think of
as taste (i.e. as transduced by the gustatory receptors on
the tongue), actually results from the stimulation of the
olfactory receptors in the nose instead. In this article, I
trace the history of this claim and assess whether it is
even possible to provide an exact answer to the question
of how much of what we think of as the taste of food
and drink actually derives from the sense of smell. While
returning a negative answer to this question, I neverthe-
less suggest that (while not taking the precise value too
seriously) most informed commentators do seem to
agree that olfaction plays a dominant role in our percep-
tion and enjoyment of food and drink. The problem
here, then, is the seeming (and, in my view, unjustified)
precision that the purveying of such figures conveys to
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the wider public. Nevertheless, broadening public aware-
ness of olfaction’s role in flavour perception is import-
ant, given that awareness of this fact can, and in some
cases already is, changing the way in which chefs and
culinary artists (especially those of a modernist persua-
sion) are thinking about their food delivery and multi-
sensory experience design (see [2], for a number of
intriguing examples).1

On the prevalence of the claim
Below, I include a selection of the claims regarding the
importance of smell to what is commonly called taste
from the popular psychology press, from peer-reviewed
scientific research articles, and from the media, that I
have come across in recent years (arranged chronologic-
ally). Notice how the precise value attributed to the rela-
tive contribution of the nose fluctuates between 75 and
95 %. Unfortunately, none of the quotes reference a spe-
cific source article in support of the claim they make,
hence making it difficult, if not impossible, to perform a
citation search (cf. [3]). However, the fact that (as far as
I am aware) this claim first appears in Lyman’s 1989 [4]
popular science book A psychology of food, more than a
matter of taste is consistent (at least chronologically)
with the suggestion that the source article for all claims
of this sort was Murphy, Cain, and Bartoshuk’s article
published in Sensory Processes in 1977 [5]:

“Only about 10 percent of what we think of as taste is
actually taste.” ([4], p. 64)
“As much as 80 % of what we call ‘taste’ actually is
aroma” (Dr. Susan Schiffman quoted in the Chicago
Tribune, 3rd May, 1990; cited in [6])
“…about 80 per cent of food flavour is down to
smell.” ([7], p. 20)
“Ninety percent of what is perceived as taste is actually
smell” (Dr. Alan Hirsch of the Taste Treatment and
Research Foundation in Chicago, quoted in MX,
Melbourne, Australia, 28 January 2003; cited in [6]).
“If people are asked to select which sense they find
least important, the sense of smell is routinely
regarded as the least important of the five (Martin,
1999; Martin et al, 2001). It is, in fact, responsible for
80 per cent of food flavour, a fact that is largely
unknown and elicits a degree of disbelief.” ([8], p. 60)
“90 percent of flavour derives from smell” [9]
“According to Dr Alan Hirsch of the Taste Treatment
and Research Foundation in Chicago, 90 % of what is
perceived as taste is actually smell.” [10]
“Up to 80 % of what we consider taste is actually
smell, said Andrea Burdack-Freitag” [11]
“The integration of smell with taste is so complete
that, by some estimates, nearly 80 percent of a food’s
flavour is determined by its retronasal odor: This is

consistent with neurophysiological research showing
that odor and flavour inputs converge on brain regions
related to your experience of taste.” ([12], p. 114)
“According to researchers in nutrition science, between
80 % and 90 % of all sensations stimulating our appetite
come from fragrances. Without these aromas, your
morning bread and strawberry jam would be bland and
tasteless!!” ([13], p. 35)
“‘Eighty per cent of what we think of as taste actually
reaches us through smell,’ says Barry Smith, co-director
of the Centre for the Study of the Senses at the
University of London.” [14]2

“Many professionals I talked to gave me their own
estimates for how much input our sense of taste
provides. Some say that only about 5 percent of what
we experience when eating is input from our sense of
taste. They think that the remaining sensory
input—the vast majority—is aroma, which we detect
with our nose. Yes, most of what you think you taste
is actually smell.” ([15], p. 29)3

“Scientists believe that between 75 and 95 percent of
what we ‘taste’ is actually smell.” ([15], p. 56)
“75 per cent of what we perceive to be taste is actually
smell” [16]
“It’s astonishing that this fact is essentially unknown.
Ninety-five percent of what we perceive as taste is in
fact smell. Ninety-five percent of what we think we’re
tasting on the tongue we are actually registering in
the olfactory receptors of the nasal epithelium (which
sits just behind the bridge of our noses).”
(Chandler Burr, quoted in [17])4

So, what’s the problem with such explicitly quantitive
statements?
But what, exactly, is the problem with the use of such ex-
plicitly quantitative statements? And are there important
differences between the claims being made? Just what
would be lost (or gained) by replacing all those percent-
ages with more descriptive, qualitative terms such as “a
majority”, “dominant”, “most important”, or “most crit-
ical”? Sivak ([3], p. 1082), I think, nicely highlights the
issue here when he says of the analogous claim that 90 %
of driving is visual: “In our intellectual commerce, num-
bers have come to occupy a unique and influential pos-
ition. When an author invokes the precision and power of
numbers, the audience is led to believe that careful empir-
ical work has been done to derive the values being pre-
sented, and that careful theoretical analysis has been done
to construct a system of measurement that supports the
validity of the numbers. Numbers are therefore persuasive.
They can be expected to engender both in lay people and
in specialists a sense of respect that, even when tempered
by scepticism, is greater than respect accorded to mere
qualitative descriptions. Therefore, when one opts to use
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numbers, one incurs a greater responsibility to provide
evidence than if one uses a less quantitative estimate. In
the case of the aforementioned claims, the issue is not
whether the correct percentage is 90 versus perhaps 92 or
88, but whether it is anywhere near 90, as opposed to near
50, for example.” Indeed, in the absence of robust empir-
ical evidence, one might even choose to side with those at
the other end of the spectrum who downplay smell’s role
in flavour and feeding. As an example, just take the fol-
lowing quote from Havelock Ellis spotted by Avery Gilbert
[18]: “If the sense of smell were abolished altogether the
life of mankind would continue as before, with little or no
sensible modification, though the pleasures of life, and es-
pecially of eating and drinking, would be to some extent
diminished.” ([19], pp. 47–48). Here, though, it is perhaps
important to stress that the focus in this piece is on fla-
vour perception rather than the entire multisensory eating
experience where the sensory balance is undoubtedly
quite different [2].
The final conclusion that Sivak ([3], p. 1083) draws

from his research is perhaps also worth quoting, since it
might well be considered to apply to the “75–95 % of
taste is smell” claim as well: “None of the publications
that contain claims such as ‘90 % of driving-related in-
formation is visual’ provides any supporting evidence.
For the publications that cite other publications in sup-
port of such claims, the finding is the same: the final
publications in the citation trees offer no supporting evi-
dence. The implication is that we researchers have been
(a) too lax about citing others, without checking for sup-
porting evidence, and (b) too eager to appear more
quantitative than the evidence allows.”

Not the only questionable fact out there!
The 75–95 % claim is certainly not the only seemingly
precise, yet unsupported, statement that one finds in the
psychological literature. As indicated above, Sivak [3] has
done a great piece of detective work figuring out the his-
tory, and citations trees, underlying the claim that 90 % of
driving is visual in the ergonomics literature. As so often
turns out to be the case, though, when one eventually
traces these things back to their roots, the original authors
cited in support of this particular figure, never said quite
what everyone since has quoted them as saying! A little
closer to the theme of the present article, another claim
that is often made in the literature on the chemical senses
is that there are 30,000 smells. In the introductory chapter
to his excellent book, What The Nose Knows, Avery
Gilbert attempts to trace the origin(s) of this claim. Once
again, the underpinning data needed to support such a
claim is, in fact, simply not there.5 In his words: “In the
end, it appears that no one has ever attempted to count
how many smells there are in the world. Estimates of odor
diversity lead either to a dead end or to Ernest C. Crocker.

The comfortable, often-cited figure of 10,000 smells is,
from a scientific perspective, utterly worthless.” ([18], p. 4).
In fact, as reported by scientists last year in Science, the
true figure (in terms of the number of discriminable smells)
may be much closer to one trillion ([20]; see also [21])!
The underlying concern here, then, is that the “75–95 %

of taste comes from smell” claim is just another one of
these “medical myths” [22] that we have all seen perpetu-
ated in the popular press, but which turn out, on closer in-
spection, to have little or no basis in scientific fact. Take,
for example, the assertion that we only use 10 % of our
brain, a claim has been in the literature for more than a
century now (see [23], on the history). However, the state-
ment has absolutely no basis in scientific fact [22, 24, 25].
As neurologist Barry Gordon at Johns Hopkins School of
Medicine in Baltimore puts it, “the ‘10 percent myth’ is so
wrong it is almost laughable” [26]. Could the same be said
of the 75–95 % claim? The fact that the various claims
listed above do not cite a reputable source is not necessar-
ily problematic if one can find solid empirical data to sup-
port such a claim.
To recap, from what we have seen thus far, I would be

tempted to argue that the key potential problem with
the claim that 75–95 % of taste comes from the nose is
that such precise, quantitative claims suggest a degree of
certainty and scientific rigour that may simply not be
warranted. It also serves to mask the underlying confu-
sion amongst scientists and philosophers concerning
how best to define taste and flavour [27].

Evaluating the claim: some challenges
So just how much truth is there in claims that some-
where between 75 and 95 % of taste comes from the
nose? Anyone wishing to evaluate the veracity of such
statements faces a number of substantial challenges:

(1) Foremost amongst these challenges is the fact that
no one can agree on quite how to define flavour (see
[27–29]). Part of problem here is to discriminate
between sensory inputs that merely modulate taste
and those that are constitutive of it [30, 31]. As
Bakelar ([32], p. S4) put it in the science journal
Nature a few years back: “The way we experience
food is not limited to the mouth—odour, vision,
hearing and even touch can radically change the taste
of food or affect food preference”. Sure, vision and
hearing can radically change the perceived taste of
food and drink, but that does not necessarily mean
that they should be deemed as constitutive of it. Until
we know which senses are, in fact, constitutive of
flavour, and which should be excluded (because they
are merely modulatory), it is obviously going to be
rather difficult to assign a precise contribution of each
one to the overall flavour experience.6
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Perhaps the best place for anyone wishing to start is
with the International Standards Organization’s defin-
ition of flavour as a: “Complex combination of the olfac-
tory, gustatory and trigeminal sensations perceived
during tasting. The flavour may be influenced by tactile,
thermal, painful and/or kinaesthetic effects” [33, 34].
Now, while not everyone agrees with this narrow defin-
ition (see [35]), one might nevertheless still want to ask,
at least as a starting point, whether the 75–95 % claim
can be supported relative to this particular definition of
flavour. However, as we will see below, things are still
not going to be easy for a number of reasons.

(2) The relative contribution of the senses to our
experience and enjoyment of food and drink would
seem to vary quite considerably depending upon the
particular food that is under consideration. As
Martin Yeomans puts it “any generalization about
the degree to which any one sense contributes to
food flavor is to some extent meaningless, since
foods engage unique combinations of the key
sensory systems” ([36], p. 800). The olfactory
contribution of sushi, say, seems to be much lower
than its contribution to our enjoyment of a ripe
French cheese. Furthermore, the trigeminal
contribution is much more pronounced for certain
flavours/foods than for others—just think of the
astringent tannins in a young oaked red wine or less
prosaically, an overstewed cup of black tea.
Trigeminal chemical irritation, sometimes called
“chemesthesis” [37] gives rise to a variety of
everyday flavour experiences including “the fizzy
tingle from CO2 in soda, the burn from hot peppers,
black pepper, and spices such as ginger and cumin,
the nasal pungency of mustard, horseradish, the bite
from raw onions and garlic, not to mention their
lacrymatory effects, to name a few. This important
chemical sense is easily overlooked in considerations
of taste and smell, because it has received less
experimental study than the classical taste and smell
modalities.” ([38], p. 328).7

However, matters soon become complicated here for
as Lawless ([38], p. 326) notes “Of course, this set of
nerves [referring here to the trigeminal nerves] also me-
diates tactile, thermal, and pain sensations, so the dis-
tinction between a chemical sense and a tactile sense
becomes blurred somewhat. This blurring is perhaps
worst in the sensations of astringency. Tannins in foods
are chemical stimuli [hence meaning that they are con-
stitutive of flavour], and yet the astringent sensations
they produce seem largely tactile [which would imply
that they were merely modulatory]. They make the
mouth feel rough and dry, and cause a drawing, pucker,

or tightening sensation in the cheeks and muscles of the
face (Bate Smith, 1954). Although scientific analysis
would categorize astringency as a group of chemically
induced oral tactile sensations, most wine tasters would
say that astringency is an important component of wine
‘flavour.’” In other words, it is not always such an easy
matter to determine whether a particular component of
our flavour experiences should be treated as constitutive
or merely modulatory. Should the decision be based on
the physiology or the phenomenology? The jury, it
should be said, is still out here.
Given such concerns, one could, of course, retreat still

further, and just take the case of flavours that have no
obvious trigeminal component. In such cases, one could
ask whether, using the ISO definition of flavour, the 75–
95 % claim can be supported. However, as we will see
below, even in such a restricted case, we run into prob-
lems. In particular, because the relative contribution of
smell to taste/flavour8 perception depends crucially on
the particular combination of (taste and smell) stimuli
involved. It is at this point in our discussions, though,
that it may be worth looking a little more closely at what
is likely the underpinning research that inspired many of
the claims one finds nowadays in the literature.

(3) I would argue that the original, and as far as I can
tell, only research that has, on occasion, been cited
in support of the 75–95 % claim simply does not
support the assertion, or perhaps better said, only
supports a very narrow version of the claim.
Specifically, Murphy et al. [5] conducted a study in
which they demonstrated that the perceived
intensity of a solution containing both a tastant
(sodium saccharin) and an odorant (ethyl butrate)
was roughly equivalent to the sum of the perceived
intensity of the component stimuli when presented
individually. Crucially, however, the six participants
(trained panellists) in this study attributed
approximately 80 % of the intensity of the ensuing
mixture to the sense of taste.

More specifically, the participants were given a series of
solutions to taste, and they had to rate the intensity of the
odour, the taste, or the overall solution using a magnitude
estimation procedure. The participants were given solu-
tions containing only the tastant, solutions containing
only the odorant, and solutions containing a mixture of
the two. Intensity ratings for the mixture were slightly
lower than would have been expected based on the
summed response to each of the putatively unisensory
stimuli. Interestingly, however, when the participants rated
the mixed solution while their nose was closed, their rat-
ings dropped by 80 % when compared to their judgments
with their nose open. Here, it is worth quoting at length,
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the passage from Murphy et al. that may well have trig-
gered all those 75–95 % claims in the subsequent years:
“An examination of how subjects apportioned their
judgments into the categories odor and taste revealed
the existence of taste—smell confusions. Subjects as-
cribed little odor magnitude to solutions containing
only sodium saccharin, but ascribed considerable taste
magnitude to solutions containing only ethyl butrate.
The taste ascribed to ethyl butrate was not due exclu-
sively to its action on gustation since, when the nos-
trils were closed, as much as 80 % of the “taste”
disappeared. Subjects seem to resolve ambiguity re-
garding the locus of mutual olfactory—taste stimula-
tion in favour of taste.” (Murphy et al. [5], p. 204).
It is at this point that questions about the particular

combination of olfactory and gustatory stimuli used be-
come relevant [39]. Murphy et al. used ethyl butrate
which is a particularly sweet-smelling odorant [40]. Ste-
venson and his colleagues have shown that certain
odours, such as, for example, a caramel odour could
simultaneously enhance sweetness while at the same
time suppressing sourness ([41]; see also [39]).9 Hence,
the relative contribution of olfaction and gustation to a
tasting experience is crucially going to depend on how
regularly the component stimuli have been experienced
together previously. One suggestion is that it is only
when the olfactory and gustatory stimuli are congruent,
i.e. ecologically valid—that one gets a flavour experience,
more or less (see [42]). In other words, it may only be
under conditions of oral referral that we believe that
smell is contributing significantly to the tasting ex-
perience that is flavour perception. Interestingly, the ex-
tent of oral referral to the mouth depends on the
congruency between the olfactant and the tastant [42, 43].
The suggestion, then, that has been made by com-
mentators is that the effect reported in Murphy
et al.’s [5] study likely resulted from the misattribu-
tion of the “sweet” component of the olfactory stimu-
lus to the taste system, due to the well-known
referral of the odour to the oral cavity ([42–47]).

(4) Are we talking about orthonasal olfaction (i.e.
sniffing), retronasal olfaction, or the combined
influence of the two senses of smell (see [1, 45])?
The former certainly plays an important role in
the setting of taste and flavour expectations
[48, 49], and hence plays only a modulatory role,
while the latter is thought to be constitutive of
flavour experiences. Importantly, however, these
two types of olfaction recruit somewhat different
neural substrates when it comes to the
representation and processing of food odours [50].
What is more, they also have somewhat different
behavioural/perceptual correlates [45, 51, 52].

One can, I think, take the ISO definition of “olfaction ….
during tasting” to be referring specifically to the retronasal
case. It is ironic, then, that the Murphy et al. [5] study that
gave rise to the 75–95 % claim may actually have involved
contributions from both orthonasal and retronasal
aroma.10 As such, the claim would seem to be based
on research involving the contribution of both modu-
latory (orthonasal olfaction) and constitutive cues
(retronasal olfaction) to flavour. Sure, this is the way
in which we normally experience foods in our every-
day lives, but returning to the point made earlier, it
reopens, I think, the debate about which senses really
belong in one’s definition of flavour.

(5) There is frequently also a confusion between the
layman’s use of the term taste and that of the
professional. As McBurney ([27], p. 118) puts it:
“The layperson uses the term taste to refer to
sensations that professionals carefully distinguish as
taste, smell, or flavour. Although this permits us to
point out smugly that the layperson’s use of the
word taste fails to account for the symphony of
senses used in “tasting” something, the layperson is
simply unreflective following Gibson’s (1966)
important notion of the senses as perceptual system
that makes use of many separate senses, including
taste, smell, the common chemical sense,
temperature, touch, vision and hearing (“They taste
as good as they crunch”). All of these contribute to
flavour.” On the one hand, then, in our everyday
language, we all tend to confuse the terms “taste”
and “flavour”.11 After all, every one of us says that
we enjoy the taste of the food, when what we really
mean to say is that we enjoy its flavour. As
Bartoshuk and Duffy ([53], p. 27) note: “‘Taste’ is
often used as a synonym for “flavour”. This usage of
‘taste’ probably arose because the blend of true taste
and retronasal olfaction is perceptually localized to
the mouth via touch”. The fundamental problem
here then is that “Ordinary people do not appear
to treat tastes and smell from the mouth as
different kinds of sensation (Lawless, 1996).” ([40],
pp. 72-73). As Barry Smith [54] notes “Although
we’re all familiar with taste, it is surprisingly
complex and puzzling.”12

Authors also sometimes switch back and forth between
different meanings of the term taste, adding further to the
confusion. Just take, for instance, Korsmeyer’s ([55], p. 3)
introduction in her edited volume, The Taste Culture
Reader, where one finds the following: “Except where
otherwise specified, the word ‘taste’ in this book serves as
a shorthand for the experience of flavor in all its dimen-
sions, including those supplied by the other senses.” So
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far, so good. But then Korsmeyer goes on to say that: “Not
all flavours can be classified according to the four ‘basic’
types, & some of the most sought-after tastes are spices…”
([55], p. 5). This is where I start to become confused. By
the four basic types, Korsmeyer presumably means the
four basic tastes—namely, sweet, sour, salt, and bitter
(though note that umami is now regularly being included
in lists of the basic tastes).13 By contrast, flavours, at least
as commonly understood, include many of the more inter-
esting qualities of food, think fruity, floral, herbal, meaty,
burnt, smoky, etc. A similar potential for confusion could
easily occur for anyone reading the title of McLagen’s [56]
recent volume, Bitter: A taste of the World’s Most
Dangerous Flavour, With Recipes. It is only hidden away
on page 3 that the author acknowledges that she intends
to use the terms taste and flavour interchangeably. In
order to give a precise estimate of what percentage of taste
comes from the nose, then, one needs to know exactly
what the writer means by the term “taste”.
The fact that certain olfactory stimuli, such as vanilla,

caramel, or strawberry aromas for those in the west, can
also modulate, or perhaps even give rise to, the percep-
tion of sweetness in an otherwise tasteless solution puts
pressure on the definition of taste [40]. In this case, a
person might have a flavour experience with a distinctive
taste component even though no tastant was actually
present (though some tactile stimulation would likely be
needed in the oral cavity to give rise to the requisite oral
referral to the mouth). Pressure on one’s definition also
comes from the fact that taste receptors are also found
in the gut, genitalia, in sperm, etc [57, 58]. I would like
to argue that Rozin’s ([45], p. 398) definition: “Technic-
ally, the designation ‘taste’ should be used as a total per-
ceptual description for only the pure gustatory
properties (e.g. sweet, salt, sour, bitter), for combinations
of gustatory qualities, and for substances that produce
these sensations in the absence of salient olfactory or
nongustatory oral sensations. Examples would be sugar
and salt.” now needs updating. In particular, given recent
evidence concerning the existence of cells with taste re-
ceptors in the gut, respiratory and gastro-intestinal
tracts, and elsewhere (see [57, 58]), the definition should
also stipulate that stimulation of the gustatory receptors
in the oral cavity is required [59]. Typically, taste is a
conscious experience, and one that is localized to the
mouth, though such criteria probably do not belong in
one’s definition (see also [60] for the use of illusion to
take taste out of the mouth).

(6) What role attention? In many areas of our daily
lives, what we perceive (and are aware of )
depends fundamentally on where our attention
happens to be directed, either endogenously
(voluntarily) or exogenously (i.e. in a stimulus

driven manner; [61, 62]). Is the same true when it
comes to the perception of taste/flavour? If so,
the percentage of taste that is contributed by
smell might be expected to vary as a function of
the attentional state of the observer. Stevenson
[63] has been doing some of the most detailed
thinking in this area. However, flavour binding
would appear to make it especially difficult for
people to covertly attend [64] to just one element
of an integrated flavour gestalt [65, 66]. Indeed,
this inability to pull apart sensations based on
attention has also been stressed by Smith [67].

(7) One final source of evidence that would seem
potentially relevant to this debate concerns the
consequences of the absence of sense of taste
(gustation) or smell (olfaction) on multisensory
flavour perception. In the case of olfaction, the
absence of olfactory sensation (what is known as
anosmia) can either be congenital [68] or acquired
(i.e. late-onset) [69]. By contrast, I am not aware of
any congenital form of aguesia. In those cases of
late-onset taste loss, resulting from the removal of
the tongue [70] or following herpes [71], those so
affected have reported surprisingly little loss of
sensation (though see also [72] for a chef who lost
the ability to taste following treatment for tongue
cancer). When it comes to anosmia, the results
would appear to depend on when exactly the loss
occurred. Congenital anosmics appear to adapt
reasonably well, whereas when the loss of smell
occurs later in life (typically the result of car
accident or viral infection) appear to dramatic
changes in food appreciation [73]. The answer may
also change somewhat as a function of how far into
a meal one is as well, given possible consequences of
olfactory loss for sensory-specific changes in satiety
([74]; though see also [75, 76]). Studying those
individuals suffering from a selective loss of trigeminal
sensation would also, potentially, be interesting here.
It is, however, important to note that drawing any
simple conclusions here concerning the relative
importance of smell and taste to flavour perception,
based on the loss of one of the flavour senses, is made
all the more difficult by the cortical plasticity that may
occur in such cases [67, 77].

Conclusions
In conclusion, explicitly quantitative claims that some-
where between 75 and 95 % of what is commonly consid-
ered as taste really rely on the information transduced by
the nose are widespread in the literature, both academic
and popular, on food science and flavour perception.
However, in the majority of such cases, no specific evi-
dence is cited in support of the claim. What is more, the
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only article that is, on occasion, cited—specifically, Mur-
phy et al. [5]—fails to provide the kind of support that is
needed to robustly support such statements. In fact, I
would be tempted to argue that it is pretty much mean-
ingless to try and put a precise value, or even a narrow
range of values, around the relative contribution of olfac-
tory cues to multisensory flavour perception.14 The rea-
sons being that it will likely depend substantially on the
food or stimuli presented and one’s own definition of
which senses are constitutive of flavour and which are
merely modulatory. Given that there is little consensus re-
garding quite how flavour should be defined (specifically
regarding which of the senses play a constitutive and
which a merely modulatory role) delivering a precise ver-
dict is some way off yet and would anyway carry with it a
whole host of assumptions.
Researchers should, then, perhaps be more cautious

about propagating such explicitly quantitative but un-
substantiated (and possibly unsubstantiable) claims (see
also [78]). As Sivak ([3], p. 1088) winds up concluding in
his review of the “90 % of driving is visual” claim: “The
lack of direct evidence for the ‘90 %’ claims provides a
lesson for all of us researchers. Most of us have been
guilty, at one time or another, of citing another per-
son’s conclusion without assuring ourselves that the
conclusion is supported by convincing evidence. By
verifying what we cite we would minimize the
chances that unjustifiable but plausible claims become
enshrined in the literature.” So, then, rather than
attempting to provide such quantitative statement on
the matter, we should all perhaps opt for a rather
more cautious wording. To give you one idea of what
I have in mind here, just take the following sugges-
tion from Martin Yeomans in one of his papers of a
decade ago: “it is generally recognized that olfactory
stimuli contribute a significant proportion of the ex-
perience of flavors for the majority of foods.” ([36],
p. 800). Here, though, we should also not forget the
role of the gustatory system in visceroception, intero-
ception, and hedonia (although coded in a more
subconscious way; [79]).
Nevertheless, even without being able to put a precise

value on the contribution of olfaction (both orthonasal
and retronasal one presumes) to our expectations and
experience of food and drink, most researchers do seem
happy to agree that the pleasure, all the interesting di-
mensions of what is commonly called taste, the meaty,
the floral, the fruity, the herbal, the citrus, the burnt, all
derive primarily from the contribution of olfaction.15

Thus, as I hope to have made clear in this opinion
piece, trying to assign a precise value to the role of any
one of our senses in our perception and/or enjoyment of
eating and drinking is an exceedingly tricky business.
And this is perhaps never more challenging than when it

comes to weighing up the relative contributions of the
constitutive flavour senses of gustation, retronasal olfac-
tion, and trigeminal stimulation. Nevertheless, it seems
true to say that the claim that 75–95 % of taste comes
from the nose captures a sentiment that most people
will share—at least once they have taken the jelly bean
test [80].
Ultimately, though, no matter whether or not we have

a precise percentage to support it, widespread belief in
the dominant role that olfactory cues play both in the
anticipation of, as well as our experiences on, consuming
food and drink if often under-acknowledged part of the
entire flavour/meal experience. As such, publicizing ol-
faction’s key role may, in the future, help to foster a
somewhat different approach to the delivery of food and
beverage experiences [81]. Indeed, awareness of olfac-
tion’s dominant role in flavour perception and in the en-
joyment of food and drink might, for example, lead the
chef to think a little differently about the design of their
culinary creations: thinking, for example, how best to
ensure that as much of the aroma of a dish reaches the
noses of their diners as possible. The work of a number
of modernist chefs, culinary artists, and designers in re-
cent years can be seen as playing in precisely this space
(see [2, 72], for a number of such examples). Here, think
only of such developments as the Aromafork from
Molecule-R [82], the olfactory plateware introduced by
chefs such as Grant Achatz at Chicago’s Alinea (see [2],
those delivering so-called scent dinners; e.g. [17]), and
even the use of atomizers to deliver fragrance/aroma to
a dish, as repopularized recently by the likes of Heston
Blumenthal [83] and London-based chef, Jozef Youssef
(see https://kitchen-theory.com/).16

Endnotes
1So, for instance, a growing number of chefs have

started to deliver an olfactory component to their dishes
through the use of aromatic plateware, through the
use of atomized sprays over a dish. A number of
chefs, culinary artists, and companies have also
started to deliver an additional aromatic element to a
dish through the use of scent-enabled cutlery (see
[81] for additional examples).

2Of course, one of the problems here is with the way
in which the press abbreviate what the academic says.
As an academic talking to a journalist (and here I speak
from personal experience), one might well say something
like: “It is often said that 80 % of what we think of as
taste…”, a statement which is a perfectly accurate sum-
mary of the literature (and which panders to the media’s
desire for percentages). The initial “It is often said that”
being the scientist’s way of distancing him—or herself
from the claim, given the difficulty, as we will see below,
of ever coming up with such a precise value. However,
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the ensuing article will typically abbreviate the quote to
read Prof. X say that “80 % of what we think of as taste
…” Now this is not what the Prof. said at all, or at least,
it is very definitely not what was meant. Nevertheless,
there is a very real danger that this is the quote that will
be attributed to him/her in the popular press. Prof.
Smith assures me (personal communication) that he in-
deed prefaced his statement to The Financial Times in
this way.

3At one level, such claims would seem to contradict
the results of a survey of 140 food industry professionals
reported by Delwiche [84], in which 96 and 94 % of
those questioned rated taste and smell, respectively, es-
sential to flavour.

4Note that this is by no means meant to be an ex-
haustive listing. There are many other examples of a per-
centage being given in academic and popular press
articles: there are many more examples of commentators
suggesting (asserting?) that smell is responsible for 75 (ac-
cording to [85, 86]) or 80 % (according to [87]) of taste.

5Leading Gilbert ([18], p. 2) to conclude that “dubi-
ous facts thrived in the media long before the internet.”

6Stuckey ([15], p. 29) also highlights the importance
of being clear in specifying exactly which senses one is
considering as contributing to flavour: “I think 10 per-
cent for taste and 90 for smell is a better estimate, but
only if you’re dividing the entire experience of eating be-
tween just the two senses of taste and smell. What about
the other three? When you add the influence of touch,
hearing, and sight, things get really interesting.”

7While helpful, there are a couple of points to note
about Lawless’s suggestions here. First, while I accept
that crying in response to the sting of the onion is medi-
ated by the trigeminal system, I am not so sure I want to
call it part of the flavour experience. Second, and
highlighting the complexity associated with working and
theorizing in this area, while carbonation was tradition-
ally considered primarily a trigeminal stimulant (e.g. see
[88, 89]), research that has been published subsequent to
Lawless’s review, in fact, suggests that the experience of
carbonation in a fizzy drink is actually mediated by the
sour-sensing receptors together with stimulation of the
somatosensory system (see [90]). And confusing matters
still further, Di Salle et al. [91] have recently demon-
strated that carbonation can affect (suppress) the brain’s
processing of sweet-tasting stimuli, especially sucrose.

8It should be noted, in passing, that in many lan-
guages, the same term is used for both taste and flavour.
Rozin [45] notes that languages that use the same word
include Spanish (Cuban; “sabor”), German (“gesch-
mack”), Czech (“chut”), and Chinese mandarin (“wei”).

9The suggestion being that such effects result from
prior learning of specific flavour-taste associations in
foods (e.g. see [40]).

10While the methodological details in the original
article are not sufficiently clear on this point, it would
seem most likely from the description given that par-
ticipants first sniffed the solutions that they were
given to taste before swallowing them, given the in-
struction “to appreciate both odor and taste in the
same way that they would appreciate the bouquet and
taste of wine” ([5], p. 204).

11Note here also that the concept that there are two
senses of smell, orthonasal and retronasal, is also typic-
ally confusing, or surprising to the layperson. That, or so
it has been suggested, is why they think of smell (refer-
ring to orthonasal) is not involved in tasting flavours.

12And this is before we get to the complexity that is
introduced by the fact that we use the word taste to talk
about aesthetic appreciation here [92].

13Indeed, some scientists believe that there may be
15–20 more basic tastes, such as metallic, fatty acid, and
kokumi, that are awaiting their proper recognition [15, 93].

14As Stuckey ([15], p. 29) puts it: “Taste, taste buds,
and the tongue represent a tiny amount of what you ex-
perience when you eat food. … There’s absolutely no way
to prove how much information the tongue contributes.”

15And anyone who has tasted a mixture of the basic
tastes at a near-threshold level knows how strange and
empty an experience it is.

16The first use of atomizers to spray perfume over
the diner was possibly being reported by the Italian
Futurists (see [94], p. 43; see also [81]).
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