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You probably have a favorite ice cream avor, but do you really know
how you perceive it? In this article, you will see that avor is the res ult
of your brain integrating information from several sensory syst ems.
Your tongue gives you information about the taste of food. But yo ur
sense of smell also plays an important role when you breathe air out
while eating. Yes, when you breathe out, not in! This knowledge will
help you to understand why food lacks avor when you are sick and
your nose is stu y or runny.

Have you ever noticed how avorless food is when you have a cold
and your nose is running? If your parents give you a hot bowl of
chicken soup, you might not perceive the chicken avor at all! To
better understand what happens when you are ill, we will rst explain
what happens when you are well: what is avor?
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MOLECULE

The building blocks of
all matter are atoms,
which combine to
form molecules.

RECEPTOR

A molecule or
combination of
molecules that can
interact with a speci c
set of molecules, and
the interaction triggers
some changes in the
cell where the receptor
is located.

CELL

The smallest building
block of living things
such as animals and
plants. Di erent cell
types have di erent
shapes and play

di erent roles.

OLFACTION

Also known as the
sense of smell, it is the
ability to gather
information about
odors in the
environment. Odors
are composed of

odor molecules.

RETRONASAL
OLFACTION

Smelling while
breathing out. The odor
molecules which
originate from the food
in the mouth reach the
nose through the
respiratory tract.

OLFACTORY
EPITHELIUM

A group of cells located
in the back of the nose,
specialized in the
detection of

odor molecules.

FLAVOR: A COMBINATION OF SEVERAL SENSES

Food is composed of various molecules that are released when you
put it in your mouth and chew. Some of these molecules are detected

by taste receptors , which are mostly found on the surface of taste
cells located within the papillae, the little bumps you can see on your
tongue. For now, think of food molecules as “keys” and receptorsa s
“locks” that let cells know what is going on in the external world. Ta  ste
receptors therefore tell you how food tastes: sweet, salty, sour, bitte r,
or savory.

However, taste is just a small component of your perception of av  or
[1]. So, what is the dominating component? Some food molecules do
not stay in the mouth, they can also travel to the nose! Olfaction , the
sense of smell, can be divided into two routes, called orthonasal a nd
retronasal. Orthonasal olfaction occurs when you inhale (breath e air
in)—odor molecules that are in the air ow into your nose.  Retronasal
olfaction is the route that plays an important role when you eat food.
When you exhale (breathe air out), some molecules in your moutha re
carried toward the back of your nose via your throat ( Figure 1). You
can do a simple test to understand the role of olfaction in avor. Ta ke
a piece of chocolate, pinch your nose, and then put the chocolate

in your mouth. You should taste the sweetness of the chocolate, but
not the full avor. When it has melted, unpinch your nose. You sh  ould
now experience the added odor component. Similar to the taste
system, some food molecules are detected by olfactory receptorso n
olfactory receptor cells located in the olfactory epithelium inside the
nose [2].

But what exactly happens when a food molecule is detected either by

a taste receptor or by an olfactory receptor? Detection means that the
molecule binds to the receptor or, to return to the simple “lock and
key” analogy, that the molecule is the right key that ts into the lock
The binding of the molecule activates the cell on which the receptori s
located, and this results in the release of signaling molecules th at are
detected by speci c receptors on brain cells. The braintheninteg rates
the information from the various senses, giving rise to the percep tion
of avor ( Figure 2) [3].

Humans have about 400 types of olfactory receptors, while dogs
have about 800 and rats about 1,200. However, this does not mean
that humans can only detect 400 odors. Why is this? Each olfactory
receptor cell has several olfactory receptors on its surface, bu t they
all belong to the same type. Dierent odor molecules can bind to
the same type of olfactory receptor, and one molecule can bind to
several types of receptors. Therefore, each odor is coded by a u nique
combination of activated olfactory receptor cells (  Figure 2) [[4]; see
also this Frontiers for Young Minds article ). This is something di cult
to calculate, but researchers currently estimate the number of odo rs
humans can discriminate to be at least 10,000. Concerning taste, i t
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Figure 1

Combining smell and
taste: when you eat,

di erent molecules are
released from the food
in your mouth. These
molecules can be
detected by special
cells on the tongue
(taste of the food), or
travel to the back of the
nose and be detected
by cells in the olfactory
epithelium (smell of the
food). These cells then
send the di erent
pieces of information
to other cells, up to
cells in the brain, which
integrates them into
the avor we perceive.

Figure 2

The binding of an odor
molecule (the “key”) to
a receptor (the “lock”)
activates the cell on
which the receptor is
located. The cell
releases signaling
molecules to
communicate the
information to other
cells. Since di erent
odor molecules tinto
di erent receptors,
each odor activates a
unique combination of
olfactory receptor cells
(color-coded in
yellow).
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Figure 2

seems that humans have one or two types of receptors per taste

molecule, except for bitter molecules, for which 25 di erent ki

receptors have been found [ 5]. However, it is still unclear if there is only
one type of receptor per cell.

The avor of food can be inuenced by other senses, for example
by what you feel in your mouth or by what you see with your eyes.
Try a simple experiment with a friend or family member: pour som

apple juice into two clear glasses. Add a few drops of food colori

each glass: green to one and red to the other. Give the two glasses to
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PATHOGENS

Tiny organisms which
can invade the body
and alter its

proper functioning.

STEM CELL

Cells that can generate
new stem cells and
become speci c types
of cells when needed.

your friends, without telling them that it is apple juice, and give them a
glass of water to drink between sips. Ask them what they think of the
drinks: which one do they prefer? What do they think they are drinki  ng?
Humans rely heavily on vision, and what we see creates expectation s
about what we will sense in our mouth. This is why most people will

nd that the two colored drinks do not have the same avor. You can
then repeat the experiment with the eyes closed to see how it a ects
the result.

FLAVOR SENSATIONS DURING SICKNESS

Let us return to when we experience illness due to pathogens,
tiny harmful organisms causing for example the common cold or
COVID-19. Now you know that when food lacks avor, it must be
because something is going wrong with your sense of taste and/or
your sense of smell. But what exactly is going on? We will explore
some of the things that might be happening with your sense of smell,
as it plays a dominant role in avor [ 6]. However, keep in mind that
pathogens can also attack the mouth and interfere with the function

of taste cells.

First, the olfactory receptors can be harder to reach for the odor
molecules. If you could take a close look at the inside of the nose
you would see that it contains folded structures called turbinates
(Figure 3A). The turbinates contain bone tissue and blood vessels,
and they are covered by a layer of mucus. Mucus is the substance
that comes out of your nose when you have a cold, but it is also
present in other parts of your body. Mucus Iters the air and protec  ts
us from pathogens. But sometimes, pathogens manage to get into our
bodies. Fortunately, we have an internal defense system (the immun e
system) with specialized cells that ght these intruders and elimi  nate
them. To make it easier for the “defense cells” to reach the nose, the
blood vessels in the turbinates become wider and more leaky (thisi s
called the in ammatory response). As a side-e ect, the swelling o f
the turbinates can block air circulation ( Figure 3A), and fewer odor
molecules can reach the olfactory epithelium. More mucus is als o
produced to trap more pathogens, and the composition of the mucus
changes. But again, this makes the molecules' journey up to the
olfactory receptors more di cult.

Second, pathogens can infect the cells within the olfactory epithel  ium.
This can lead to the damage and/or death of these cells and
temporarily impair your sense of smell ( Figure 3B). In addition to
the olfactory receptor cells described above, there are two other
important types of cells in the olfactory epithelium: the supportin ¢
cells and the basal cells. The supporting cells are essential fo r the
proper functioning of the olfactory epithelium, and one of theirr  oles
is to produce mucus together with gland cells. The basal cells belo ng
to the family of stem cells and have the amazing ability to transform
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Figure 3

(A) During sickness,
turbinates in the nose
can become swollen,
blocking the circulation
of odor molecules. (B)
Invading organisms
(pathogens) can
damage the olfactory
epithelium, impairing
the detection of odor
molecules. Luckily,
basal cells can produce
new cells and repair the
damage.

Figure 3

into supporting cells or olfactory receptor cells within weeks. Tha tis
why you can recover your sense of smell. Thanks to the basal cells ,
cells damaged by pathogens are replaced!

TAKE-HOME

In conclusion, the next time you are ill and cannot really tell wha tyou
are eating (or drinking), remember the following:

» Some food molecules are detected by taste receptors on the
tongue, and some reach the back of the nose where they are
detected by olfactory receptors.

* Our perception of avor is the result of our brain combining
information from several senses.

» Pathogens can aect our sense of smell and/or taste, for
example by altering the interaction between receptors and
food molecules.
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YOUNG REVIEWERS

KYLE, AGE: 13

I am Kyle, an eighth grader who likes sports, logic games, boogie bo arding at the
beach and hanging out with my friends. | am on the school tennis te am and just
competed in the National Junior Olympics for water polo with my club t eam. |
like watching high school, college and professional sports an d keeping stats on the
players! At school, | like science and math and playing whi e ball  at lunch.
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MOHAMMAD, AGE: 15

My name is Mohammad, and | am a 15-year-old with a passion for workin g
out and exploring my rich cultural and historical heritage. | a m committed to
becoming an active member of the Jerusalemite community, where | feel | truly
belong. By working hand in hand with my community during challengin g times and
studying the practices we experience, | aim to contribute positiv ely and make a
meaningful impact

GHASSAN, AGE: 15

My name is Ghassan. | am 15 years old. | enjoy playing sports, readin g books —
particularly about business and entrepreneurship. | also enjoy me eting new people,
engaging in conversations and leading by example.

REMAS, AGE: 15

My name is Remas, a 15-year-old highschooler and a violinist as well. Here is
what makes me, me. Firstly, | love learning new languages- curren tly | speak four.
Occasionally | spend my free time exploring a new one. It might soun d weird that
| spend hours learning about the most random topics in the history o f humanity,
but | really enjoy it. With humility, | can see myself dancing acro ss the streets in Paris,
baguette in hand, on my way to college. Lastly, my ultimate goalisa Iways perfection,
| can never reach it, so | will never stop.

TIA, AGE: 15

My name is Tia, | am a 15-year-old sophomore, | have always been fas cinated
by how the brain functions, and why certain diseases and environ mental factors
a ect people di erently. | hope to one day become a researcher across di erent
disciplines; helping the general public and making ground breaking  discoveries.
In my spare time | like to attend MUN conferences, play the Qanun, r ide horses
and dance.
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