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Introduction

Taste would seem to be a basic
sensory system that is essential for
life since it recognises potential
foods and possible poisons. In any
case, taste must recognise chemi-
cal components that are present in
the mouth as familiar or safe when
something is identified as new.
It should be noted that taste dys-
function often leads to dietary
 disturbance.1 Patients with a loss
of taste consume less food, and
this nutrionally-compromised
condition may be life-threatening
without medical intervention.
Characteristic examples are irradi-
ated patients with head and neck
cancer who experience radiation-
related taste loss, which has a neg-
ative impact on their eating pat-
terns.2

The qualities of taste are the
basic subdivisions sweet, sour,
salty, bitter and savoury (or
umami). Recent research provides
evidence that fat perception may
also be a part of the taste sensory
system.3

However, what we think of as
“taste” or “flavour” in everyday
life is usually a combination of
taste and olfactory stimulation.
The sensations evoked by a sub-
stance in the mouth are complex
and involve much more than taste.
An easy example of the olfactory
contribution to “taste” sensation is
the flatness of diet during a com-
mon cold as nasal cavities are
blocked by oedema and mucus,
restricting access of odorants to
the olfactory cleft, especially via
the nasopharynx (retronasal
route).4

Taste papillae and taste nerves

Taste receptors can be found in
areas of the oral cavity (tongue,
soft palate), pharynx and larynx.
Taste receptor cells are found
mainly in multicellular rosette
clusters called taste buds. The
tongue has a predominant role in
taste, with its taste buds located
on the dorsal surface and the
edges and organised in papillae.
Specifically:

• the fungiform papillae
(Figure 1A) distributed in the
anterior two-thirds of the
tongue, 

• the foliate papillae, which are
mainly located in the posterior
lateral edges of the tongue 

• the circumvallate papillae, pre-
sented as an inverted V of
approximately nine papillae on
the posterior third of the
tongue. 

Papillae can be easily observed by
close inspection of the tongue’s
surface. A couple of drops of
methylene blue on the tongue
make them even easier to see,
showing up numerous small pale
bumps on the anterior part of the
tongue – mostly fungiform papil-
lae – on a blue background
(Figure 1B).

Taste papillae cannot be found
in other taste areas and so taste
receptor cells are freely dis -
tributed within the epithelium. On
average, fungiform papillae con-
tain five to six taste buds; foliate
and vallate papillae often contain
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dozens. The taste buds are located
in the folds of foliate and circum-
vallate papillae.5

Interestingly, the majority of
papillae on the tongue surface are
not taste bud carriers. Filiform
papillae have a small conical
shape (Figure 2) and seem to serve
to make the tongue surface
mechanically rough for better
food manipulation, to distribute
saliva on the tongue and food
bolus, and finally to fulfil a
somatosensory function.6

It is fascinating that filiform
papillae express both soft (epithe-

lial) keratins and hard (trichocyt-
ic) keratins. It has been proposed
that the coexistence of these dif-
ferent programmes of keratin
expression reflects the dual
requirement that the tongue
epithelium must be both rigid and
flexible to resist the friction and
expansion accompanying tongue
movements during food handling
and grooming.6

The difference between taste
receptor cells within a bud and
olfactory bipolar cells is that the
first are not purely neural but spe-
cialised epithelial cells with the

properties of neural cells without
an axon. The taste signal is there-
fore transmitted to neural fibres in
the taste bud derived from the sen-
sory ganglia of three cranial
nerves: the facial (VII), glos-
sopharyngeal (IX) and vagus (X)
nerves (Figure 3). Taste informa-
tion from the facial nerve (cells in
the geniculate ganglion) derives
from two branches: the chorda
tympani innervating the anterior
two-thirds of the tongue including
fungiform and anterior foliate
papillae, and the greater superfi-
cial petrosal nerve innervating the
soft palate.7

The glossopharyngeal nerve
with cells in the petrosal ganglion
innervates the majority of the foli-
ate and all the circumvallate papil-
lae in the posterior tongue with the
lingual-tonsillar branch. Finally,
the vagus nerve has its cell bodies
in the nodose ganglion providing
taste innervation to the pharynx
and larynx via the superior laryn-
geal nerve. A single axon fibre
may innervate multiple cells in a
taste bud and may also innervate
multiple buds.7

A significant point in the dif -
ferential diagnosis of peripheral
receptor dysfunction or peripher-
al/central neural dysfunction is
that these fibres rarely have
branches that cross the midline of
the tongue. So asymmetry in taste
function is usually associated with
neural involvement. Most of the
fibres referred to here are not only
taste-sensitive; they also provide
information for touch and thermal
sensations anteriorly and noxious
stimuli posteriorly.7

Taste receptor cells and taste
buds 

The sense of taste is mediated by
taste receptor cells, which are

Figure 1
A: Contact endoscopy of a fungiform papilla (� 150). Note the capillary tree of the
papilla. B: Endoscopic view (non-contact) of a square centimetre of the anterior tongue
stained with methylene blue. The fungiform papillae can be seen as numerous round
pale bumps against a dark background.

Figure 2
Contact endoscopy showing filiform papillae (� 150)
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 bundled in clusters called taste
buds. Taste receptor cells sample
oral concentrations of a large
number of small molecules and
report a sensation of taste to cen-
tres in the brainstem. 

Taste buds are composed of
groups of between 50 and
120 columnar taste receptor cells
bundled together like a cluster of
bananas. The bodies of taste
receptor cells are arranged so that
their tips form a small opening in
the epithelium called a taste pore.
Taste cells extend microvilli carry-
ing taste receptors through these
pores. 

There are four types of cells in
a taste bud8:

Basal cells, small round cells at
the base of the bud.
Type I (dark) cells with long
microvilli
Type II (light) cells with shorter
microvilli
Type III (intermediate) cells 

The majority of receptors and sig-
nal transduction enzymes are
found in type II cells. However
most synapses with afferent axons
are found in type III cells.9 The
information from type II to type
III cells seems to pass electrically

via gap junctions or neurochemi-
cally with a variety of neurotrans-
mitters like serotonin, ATP, NO
etc.10 The precise mechanism of
signal transduction remains unde-
termined. Another important ques-
tion is how the peripheral taste
system coordinates cells with the
same chemical specialisation.
This may involve different sig-
nallers being released within the
bud, serotonin for a sweet com-
pound for example.11

Taste bud cells, like the olfacto-
ry neurons, have a short life span
and are replaced continuously.
The life of a taste bud is approxi-
mately 10 days. Basal cells seem
to be the main source of the elon-
gated bud cells within the bud and
stem cells located outside the bud
migrate into it in order to generate
new cells. The exact role of each
type of cell remains uncertain. For
example, type I cells do not seem
to be involved in signal trans -
duction, with some authors
suggesting  a role similar to glial
function for the bud.12

When chemicals stimulate the
receptors of taste cells, they depo-
larise and this depolarisation
results a potential that is transmit-
ted via the taste nerve fibres to the

brain. This process adapts rapidly
after the initial stimulus and so,
immediately after initial stimula-
tion, the responses present lower
amplitudes.13

Taste signalling activates
several  neural pathways related
to digestion, such as increased
salivation and low-level secretory
activity in the stomach.14

Taste sensations

Taste sensitivity varies widely
among the general population.
Approximately 25% of humans
are “supertasters”. This means
that they are several times more
sensitive to bitter and other tastes
than those that taste poorly.15

Humans commonly recognise
five types of tastes:

• Sweet - indicating energy-rich
nutrients 

• Umami - the taste of amino
acids (e.g. meat broth or aged
cheese) 

• Salty - allows the modulation of
diet for electrolyte balance 

• Sour - typically the taste of
acids 

• Bitter - allows for the percep-
tion of a range of natural toxins 

None of these tastes are elicited
by a single chemical. In addition,
there are different thresholds for
detection of chemicals that taste
the same. For example, sucrose
and lactose taste sweet to humans,
but these chemicals elicit the
sweet taste at concentrations of
approximately 10 mM and 30 mM
respectively. In general, bitter sub-
stances typically have very low
detection thresholds.16

Many taste tests are used in a
clinical setting. However, norma-
tive data based on more than
500 subjects have recently been
published for an identification and

Figure 3
Schematic drawing of papillae and cranial nerve distribution
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threshold test using impregnated
filter paper strips.17 This data
 suggests that taste function
decreases significantly with age
and that women have significantly
higher taste scores than men.

Taste receptors

A very large number of molecules
elicit taste sensations through a
rather small number of taste
receptors. Furthermore, individual
taste receptor cells have receptors
for one type of taste. In other
words, within a taste bud, some
taste receptor cells sense sweet,
while others have receptors for
bitter, sour, salty and umami
tastes. 

This means that the “tongue
map” is a myth. It suggests that we
perceive sweet tastes at the tip of
our tongue, for example, and bitter
at the back, and that other tastes
have their place as well. However,
our enhanced understanding of
taste receptors derived initially
from behavioural studies in mice
has shown that we perceive all
taste qualities all over our tongue,
although there may be increased
sensitivity to certain qualities in
certain areas.18 In addition, it is
important to remember that our
taste system provides information
about the intensity and pleasant-
ness (or unpleasantness) of taste.
This information varies over time
as our sensitivity and preferences
change during life.19

The pleasant tastes (sweet and
umami) are considered to be the
energy density measurements for
food since they recognise the car-
bohydrate and amino acid content.
A family of three taste receptors 1
(T1R) that assemble in pairs medi-
ates these sensations.19 Diverse
molecules that lead to a sweet sen-
sation bind to a receptor formed

from T1R2 and T1R3 subunits.
The receptor formed as a complex
of T1R1 and T1R3 binds L-gluta-
mate and L-amino acids, resulting
in the umami taste.20

The bitter taste results from
the binding of diverse molecules
to a family of about 30 taste
receptors  2 family (T2R), which
are G-protein-coupled receptors.21

Interesting ly, a taste bud cell may
have many of these T2Rs and each
one of these receptors could be
specifically activated by only a
few bitter compounds. Salt per-
ception is mainly elicited by
Na+ providing information about
mineral -rich food and dangerous
over-salty food. Sodium is
received by taste cells through ion
channels, causing depolarisation
of their membrane, the influx of
calcium and the release of neuro-
transmitters.22 However the trans-
duction mechanism in human salt
taste remains unclear. Sour tastes
produced by acids sometimes
appear to be pleasant (orange) and
others are unpleasant (unripe
fruit). Sour tasting itself involves
the activation of a type of transient
receptor potential (TRP) channel.
Studies have shown that sourness
is proportional to the concentra-
tions of protons.23 In addition,
anions seem to play a role in sour
taste intensity. A sour taste seems
to be received by ion channels that
are still unknown. 

The stimulation of all five tastes
can induce a change in the intra-
cellular calcium concentration in
taste bud cells. This calcium
response is an intermediate step in
taste signalling and it may play a
role in synchronising and resetting
taste bud cells following taste
stimuli. Transmitters like ATP and
serotonin appear to be mediators
of taste signalling to afferent
nerves.24

Retronasal olfaction

There are two pathways to olfac-
tory perception: odours reach the
olfactory epithelium through the
nostrils (orthonasal olfaction) and
through the nasopharynx (retro -
nasal olfaction). Retronasally per-
ceived odorants are generally
delivered in a liquid phase during
eating or drinking. The retronasal
olfactory experience is more
sophisticated than the orthonasal
experience, as it requires adequate
mastication to release olfactory
volatiles, which are pumped
retronasally to the olfactory region
by sufficient mouth and swal -
lowing movements.25

Olfaction seems to work as a
dual system in which the
orthonasal component supplies
information from the environ-
ment, with the retronasal compo-
nent reporting on the “internal
world”. Retronasal olfaction,
unlike the orthonasal pathway,
provides important information
for the well-being of the indi -
vidual. This is because, firstly, it
detects potentially harmful food
and, secondly, because it is the
basis for the pleasures of eating
and drinking.The clinical obser -
vation is that some odours smell
different depending on whether
they are transmitted via the
orthonasal or retronasal route. The
question that arises is why this
difference  may have sensory im -
portance.

Differences in relation to the
perception of orthonasal and
retronasal stimuli are, at least to a
certain degree, due to:

• Differences in airflow
• Differences in trigeminal acti-

vation
• Contextual differences 
• Interactions with other systems
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• Different central processing 
• Differences at a peripheral level

In fact, subtle changes in nasal
anatomy may produce large dif-
ferences in the airflow and the
perception of odours.26 Thresholds
to orthonasal stimuli were found
to be lower than retronasal
thresholds .27 On a suprathreshold
level, it has also been reported that
the ability to identify odours is
less efficient when stimuli are pre-
sented retronasally.28 Another fac-
tor is sniffing, which can increase
airflow in the olfactory cleft,
improving orthonasal olfaction by
approximately 20%. The contribu-
tion of trigeminal nerve activation
seems to be higher in the ortho -
nasal route. This is not only
because of the distance covered by
innervated mucosa that an odorant
has to cross in order to reach the
olfactory cleft but also because
the trigeminal chemoreceptors are
more sensitive in the anterior part
of the nose.29 In terms of contextu-
al differences, a classic example
here is the difference between
chocolate and lavender: chocolate
produces larger amplitudes when
presented orthonasally, while
lavender does the opposite.30

However, retronasal perception is
clearly different from orthonasal
olfaction in central processing as
both electrophysiological experi-
ments31 and functional magnetic
resonance imaging data30 suggest
that differences might start as
early as the mucosal level and
result in the activation of different
brain areas. There is considerable
overlap between cortical activa-
tion patterns following ortho- and
retronasal stimulation. However,
in a food-related odour (chocolate)
comparison of the orthonasal and
retronasal route, fMRI findings
showed activity in the thalamus,

right caudolateral orbitofrontal
cortex and right hippocampus,
frontal operculum bilaterally, tem-
poral operculum/ ventral bilaterally,
right temporal-parietal operculum
at the level of the supramarginal
gyrus, left anterodorsal insula, and
right anterior insula.32 The results
indicated that the neural pro -
cessing of an odour is influenced
by the route of administration,
with the possibility of the insula
and cingulate gyrus being areas
specifically tied to this process-
ing.32

A region of the Rolandic oper-
culum responded, upon the oral
representation of an odour, more
to retronasal than to orthonasal
olfactory stimulation, irrespective
of the odorant.33

This finding may reflect the fact
that retronasally, but not ortho -
nasally, delivered odours are per-
ceived as originating from the oral
cavity. The effect is related to
associative learning, since food
odours are experienced retronasally
in association with oral somato -
sensory and gustatory stimulation
during eating. Secondly, olfactory
referral to the mouth may create
different reward contexts for food
compared to non-food odours.
A similar dissociation is not
observed for the non-food odours,
arguably because these odours do
not signify the availability or
intake of food.

Based on the above observa-
tions, orthonasal olfaction seems
to provide information about food
availability and retronasal olfac-
tion informs us that food is being
eaten. This can be interpreted as
a differential responsiveness to
wanting food and liking food.33

There is evidence that structural
differences may exist at a
peripheral  level (olfactory mucosa).4

Earlier research indicated that

olfactory receptors are expressed
in streaks with a longitudinal ori-
entation in the nasal cavity. The
‘chromatographic model’ of olfac-
tion suggests that the direction of
odorant flow, from front to back,
or the reverse, may change the
perception of odorants.34Until
recently, retronasal olfaction was
of reduced clinical significance.
The lack of standardised tests
meant that retronasal testing was
not a part of everyday clinical
practice. However, recent attempts
have produced simple and reliable
tests based on odour identification
tasks.35

Most patients with olfactory
dysfunction lose the senses of
smell and taste. 

Although this is a common
clinical picture, there are patients
with a complete loss of the sense
of smell without any taste com-
plaints.36 This pattern seems to be
highly suggestive, but not exclu-
sively confined to, nasal polypo-
sis. Some patients experience
odours orthonasally, but not
retronasally, and vice-versa. In
recent years, a series of clinical
studies reported quantitative dif-
ferences between ortho- and
retronasal smelling.37,38

These differences between
orthonasal and retronasal olfaction
at the clinical level seem to be
of interest. The ordinary clinical
testing of retronasal olfaction with
validated simple test kits should
therefore be one of the future
directions in smell and taste
clinics .

There is evidence that, during
the oral processing of food and
swallowing, the senses interact in
a non-linear way, meaning that
texture and taste influence the per-
ception of odours and vice-versa.39

For example, a study by Visschers
et al.40 suggests that the intensity
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of aroma decreased with the
increasing consistency of the food
consumed. In addition, it has been
shown that retronasal odorous
stimuli increase with the intensi-
ties of thickness and creaminess in
oral stimuli.41 In conclusion, all
these experiments showed that the
investigation of the interactions
mentioned above appears to
depend on the questions used, the
quality of odours (for example
whether they are contextually con-
gruent with the orally adminis-
tered texture or not) and finally
on the timing of measurements
during mastication and/or swal-
lowing.

Conclusions

Taste is a very sophisticated and
complex sensory system with
numerous transduction mecha-
nisms, quality coding and inter -
actions with other systems. It has
a predominant role in human
homeostasis as it is closely related
to feeding behaviour and food
intake. However, what we con -
sider as flavour in everyday life
is usually a combination of taste
and olfactory stimulation via the
retronasal route. So patients com-
plaining about a loss of taste
should be assessed for both taste
and olfactory function.
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