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Taste and Nutrition
3. Development of Taste Preferences and Aversions

Sandra Hübner*, Jonas Töle*, Wolfgang Meyerhof, Nuthetal

Whereas the previous
contributions1 dealt with
the physiological basis of
gustation and the influ-
ence of environmental
factors and genetic dispo-
sition on taste perception,
in the present article we
will discuss the principles
that cause taste prefe-
rences and aversions and
thus impact strongly on
our health.

Innate taste preferences
and aversions

In mammals, oral taste buds develop
already before birth [1]. This is im-
portant because the sense of taste is
required for guiding food ingestion
directly after birth. Indeed, newborn
babies respond to orally administered
taste solutions with facial expres-
sions referred to as gustofacial re-
flexes. If presented a sweet stimulus,
they show relaxed smiling and en-
hanced suckling. If, on the opposite,
they experience sourness or bitter-
ness, babies pull characteristic faces,
do not suck but demonstrate repul-
sive behaviors. Thus, the taste-
evoked facial expressions unequivo-
cally indicate which tastes babies like
or dislike [2, 3].

Other mammals including monkeys,
rats and mice display similar appet-
itive and repulsive behaviors. Usu-
ally sweets will be eagerly accepted
and consumed since sweetness indi-
cates high energy content of food.
Presumably, sweet preference, which
is especially well expressed in mam-
mals, facilitates the ingestion of
the sweet-tasting, sugar-containing
mother’s milk. On the other hand,
bitter tasting food will be rejected
preventing effectively the uptake of
potential toxins into the susceptible
young organism.

The terminus technicus “gustofacial
reflex” indicates that the described
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Summary
All our senses help to evaluate the quality of potential food. By sight, we
identify spoiled food. The sense of smell distinguishes the aroma of palat-
able from the malodor of inedible food. The trigeminal system reports
about texture, temperature and irritants. Touch and audition determine
the ripeness of fruits when we press or knock on them. The sense of taste,
however, is particularly critical because it controls innate reflexive ap-
petitive and repulsive behaviors. The brain constructs the flavor of food
from the various percepts which, in the context of postprandial experi-
ences, lead to learned preference or conditioned aversion for that food.
The flavor of food and the postprandial experiences are stored in the im-
plicit taste recognition memory which enables fast and reliable recogni-
tion of food during future encounters. Repeated ingestion reinforces pref-
erences or aversions forming stable dietary patterns that make it difficult
for subjects to switch diets.
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sweet preference and bitter aversion
are examples for innate unconscious
behaviors. This is supported by the
behavior of babies with severe fore-
brain damages or even lacking a
functional cerebrum which, like
healthy babies, demonstrate the
same gustofacial reactions [4]. More-
over, the typical reflexive behaviors
are also seen in experimentally de-
cerebrated laboratory animals [5]. In
fact, evolutionary very old struc-
tures of the brain stem are responsi-
ble for the expression of reflexive
taste preferences and aversions. Neu-
ral circuits in this area which control
musculature of jaws, pharynx and
tongue integrate gustatory informa-
tion to evoke suckling and swallow-
ing or spitting and vomiting (� Fi-
gure 1).

Therefore, it is little astonishing that
conscious recognition of taste
modalities is unnecessary for the ex-
pression of innate preferences and
aversions as demonstrated by a re-
cent case report of an adult patient
[6]. The subject suffers from exten-
sive forebrain damages, has a re-
stricted memory of only ~45 sec-
onds and is unable to name the
tastes of test solutions presented to
him which he equally designates as
“pop”. However, if offered at the
same time a salty and a sweet solu-
tion, he vehemently asked for the
sweet solution.

The innate preferences and aver-
sions encoded in the brain stem are
phylogentically very old and enable
primitive vertebrates which lack a
well-developed cerebrum a quick
and vital control of food intake.

Learned taste preferences

Whereas the innate taste preferences
and aversions serve a rough and in-
stantaneous assessment of food, the
functions of learned preferences and
aversions are much more complex.
They evaluate the postprandial con-

sequences of the ingested food (� Fi-
gure 2) and allow a fast recognition
of familiar food [7]. Citizens of in-
dustrialized countries may consider
the latter unimportant but it is (was)
a decisive advantage for the rapid ac-
quisition of food as part of the daily
struggle for survival in the animal
kingdom or during hominid evolu-
tion.

Not alone our five basic taste modal-
ities are involved in learning taste
preferences, but also the flavor of
food. As defined in the first contri-
bution, flavor refers to the entire
mouth feel of food also including
smell and trigeminal sensations
evoked by texture, temperature and
irritants (for example capsaicin,
piperin and mustard oil of chili, pep-
per and horse radish, respectively).

Flavor preference and aversion learn-
ing begins during the time of wean-
ing from mother’s milk. Children
and young animals as well are ini-
tially neophobic, i. e., they reject un-
familiar food. As they do not have
any experience with solid food, the

general neophobia protects them
against ingestion of unhealthy stuff
(� Figure 2). Young rats display neo-
phobic behavior around postnatal
day 12, just the time when they
begin to supplement mother’s milk
with other foods [8]. Similarly, neo-
phobia also increases in human ba-
bies to reach a maximal level at the
age of 2 to 6 years. This time span is
characterized by increased mobility
and associated with the frequent en-
counter of novel flavors. During
adolescence, neophobia attenuates
[9].

Acquired positive experiences with
palatable food alleviate neophobia.
The strategy of animals is to ingest
only small amounts of unfamiliar
food. If the food satiates the animal
and its ingestion does not lead to
malaise, animals consider it safe and
nutritious and gradually increase the
consumed amount. This rule of pref-
erence learning, i. e., pairing of fla-
vor and nutritional value, is demon-
strated by a common experimental
approach (� Figure 3). If animals lick
a flavored test solution and simulta-

Fig.1: Innate and learned flavor preferences
Left: Schematic representation of innate taste preferences. Gustatory
information is conveyed from the tongue to the brainstem. Motor
neurons in this area evoke reflexes through control over the facial
musculature and that of the pharynx.
Right: Learned flavor behavior. In addition to the innate reflexes,
learned flavor aversions and preferences are being formed. Gustatory
and trigeminal sensations from the mouth, together with smell and
postprandial visceral information, are passed on to the flavor process-
ing areas of the cerebral cortex, where they will be evaluated and lead
to learned flavor behaviors.
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neously receive a calorie-rich nutri-
ent solution through a probe into
their stomach, they develop a pref-
erence for that flavor even if it is bit-
ter and normally repulsive [10].

An experiment by MENNELLA and
coworkers demonstrates early estab-
lishment of conditioned taste prefer-
ence in human babies [11]. Infants,
adapted to a sour and bitter tasting
protein hydrolysate formula fed
during their first 7 months of life
even ate it after they were fed a cow
milk-based formula for two weeks.
On the other hand, infants first fed a
cow milk-based formula rejected the
protein hydrolysate formula under
comparable conditions. It has also
been shown that babies fed mother’s
milk accepted the umami taste of
glutamate more readily than babies
fed cow milk-based formula [12].
This is not surprising considering the
fact that the glutamate content of
mother’s milk is much higher than
that of formulas.

Another rule of preference learning
involves pairing of familiar with un-
familiar flavors. In this context a
subject who likes strawberry yo-
ghurt would tend to prefer a straw-

berry flavored curd cheese over one
flavored with peach. Similar rules
apply also to animals. As copro-
phagic animals, rodents simultane-
ously experience familiar “social”
odors and novel odors arising from
food consumed by other animals
during contact with the feces. By
this type of pairing of familiar with
novel sensations the animals learn
preferences for food that their con-
specifics already experienced.

Consumption of a food increases
through repeated encounters (� Fi-
gure 2). Numerous experiences in
preference learning therefore also
lead to broadened spectra of preferred
foods and variable diets.

Flavor of food not only influences
what we eat but also how much we
eat. If a flavor is paired with concen-
trated sugar solution administered
by gavage, animals will eat less food
containing this flavor compared to a
pairing of the same flavor with a less
concentrated sugar solution. In this
phenomenon of conditioned satia-
tion, the organism adjusts the
amount of consumed food to the ex-
pected supply with calories. Associ-
ation of flavor with high energy

density reduces consumption of food
compared with association of flavor
with low energy density [10].

Conditioned taste
aversions

Unlike the aforementioned forma-
tion of taste preferences, aversions
are established if malaises occur after
the consumption of unfamiliar food
(� Figure 2). The experience of mal-
aise transforms the initial neophobia
into a learned aversion.

The development of conditioned taste
aversions have been well examined
in rodent models. Yet conditioned
taste aversions have also been ob-
served in fish, reptiles, birds, and
other mammals including primates
[13]. The phenomenon of condi-
tioned taste aversion may serve as
an example of classical conditioning.
A frequent experimental approach
pairs a flavored stimulus with a sub-
sequent intraperitoneal injection of
lithium chloride (LiCl) which causes
visceral pain. Intriguingly, the ani-
mal associates the pain with the ex-
perienced flavor and not with the in-
jection. In this conditioning protocol
the flavor serves as the conditioned
stimulus (CS) whereas the LiCl injec-
tion is the unconditioned stimulus
(US) [14]. Conditioned taste aver-
sions have some particular proper-
ties. Whereas other conditioning ap-
proaches such as the well-known
PAWLOW experiment require several
repetitions to induce robust effects,
conditioned taste aversions can be
firmly established by a single event
[13, 15].

Also the time frame is important for
the effect. While instantaneous pain
after consumption of food shows lit-
tle effect, full establishment of con-
ditioned taste aversion requires a
time frame of several hours [16].
Moreover, the stronger the malaise
is, the longer can be the time be-
tween CS and US and the longer the
aversion is maintained. A single ex-

Fig. 2: Formation flavor preferences and aversions
Postprandial consequences determine the behavior of an animal to-
wards an unfamiliar food. If food consumption is followed by satiety
and if no malaise is experienced, the animal considers that food as
safe and familiar and eats it on future encounters. If on the other
hand a food induces malaise, the animal identifies that food as known
and dangerous on future encounters and strongly avoids it. Postpran-
dial consequences of future consumptions can enhance or even revert
learned preferences and aversions. In this way, animals are able to
adapt to changed environmental factors.
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Fig. 3: Experimental setup to induce conditioned flavor preferences
A flavored solution is presented to the animal. Every time it is licking the flavored solution, a calorie-rich (left) or a
calorie-free (right) test solution is simultaneously administered by gavage directly into the stomach. In the former
case the animal develops a preference for the flavor and displays increased release of dopamine in relevant brain
areas. In the latter case none of these effects are demonstrated by the animal. Formation of preferences therefore
appears to be independent of flavor perception per se but rather depends on the availability of associated calories.
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posure can induce aversions for life-
time. The strength of the condition-
ing effect declines, however, with the
time interval between CS and US
[13].

Still another typical property of clas-
sical conditioning is the phenomenon
of extinction. If a familiar malaise-
inducing food is repeatedly con-
sumed without causing malaise, the
aversion attenuates over time (� Fi-
gure 2) [14].

It is important to note that only neg-
ative consequences that relate to the
gastrointestinal tract lead to the for-
mation of aversion. Toxins with dif-
ferent targets or induction of exter-
nally perceived pain do not cause fla-
vor aversion [14].

Surprisingly, conditioned flavor aver-
sions are also being established if
the animal is anaesthetized during
the conditioning protocol suggest-
ing that higher cognitive brain func-
tions are not involved. This observa-
tion also points to a phylogenetically
old age of this phenomenon [13].

Pest exterminators know the phe-
nomenon of conditioned taste aver-
sion as bait timidity in the case of

animals which survived ingested
poisonous baits [13]. For that reason
pest fighting is based on slowly act-
ing toxins which cause their effects
after the time period relevant for es-
tablishing flavor aversions.

Conditioned flavor aversions cannot
only be experimentally induced in
laboratory animals but can also be
seen in children eating common
foods because the same functional
principles apply. If consumed food is
spoiled or contains toxin, visceral
complications are induced which are
usually not fatal because of the
small amounts ingested. Like pups,
children respond to the induced
malaise with aversion. Also in this
case, the time frame of consumption
and experienced malaise as well as
the novelty of the food is of rele-
vance for the effect. It is also possible
that familiar food becomes repulsive,
if subsequent visceral malaise is ex-
perienced, induced for instance by
gastrointestinal viral infection. The
aversive effect generated after inges-
tion of familiar food is, however, less
severe relative to unfamiliar food.
This effect of latent inhibition is also
a characteristic effect of classical
conditioning [17].

Taste recognition memory

The postprandial experiences of a
food are stored together with its
flavor in the implicit taste recogni-
tion memory which is inaccessible
to cognition. The formation of the
taste recognition memory critically
involves the taste areas of the cere-
bral cortex where the relevant
transmission pathways converge
(� Figure 1) [18]. Other brain areas
contribute to the formation of this
type of memory. Dopamine pro-
ducing neurons of the midbrain
and their projection areas in the Nu-
cleus accumbens are indispensable
for the formation of conditioned
taste preferences. It is not surpris-
ing that this “happiness” hormone
and the two brain areas are also in-
volved in reward and addiction.
Generation of conditioned flavor
aversions involves various brain
structures including the amygdala
which is important for fear and
mental stress as well as the afore-
mentioned Nucleus accumbens. De-
pending on the structures, the neu-
rotransmitters noradrenalin, ace-
tylcholine, and glutamate are im-
portant players. In addition, the
lateral hypothalamic area which is
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crucial for regulating food intake
appears to be important for both
processes [18].

Postprandial effects on
preference learning

We have heard before in detail about
the importance of postprandial ef-
fects on the formation of preferences
and aversions, but we haven’t heard
about their generation and conse-
quences. However, it is obvious that
sensory mechanisms contribute
which measure the presence of food
in and the chemical content of the al-
imentary canal (� Figure 4) or which
register “malaise”.

Mechanical sensors located in the
gastrointestinal wall record the ten-
sion of the stomach and gut induced
by the ingested food. Sugar and fat
appear to be dominant parameters of
the chemical composition of the con-

tent of the digestive system. Infu-
sions of sugars and fats into the
stomach of mice evoked release of
the happiness hormone dopamine in
the reward centers of the brain in
proportion to the calorie-load (� Fi-
gure 3) [19, 20]. However, the re-
sponsible sensors have not yet been
identified. Fatty acids and sugars
present in the digestive canal also
elicit the release of satiety hormones
such as cholecystokinin (CCK),
glucagon-like peptide 1 (GLP-1) and
peptide tyrosine-tyrosine (PYY) from
special cells of the gut mucosa [21].
The information about chemical
composition of the luminal content
and gut tension can be conveyed to
the brain areas which regulate food
intake by the vagus nerve or hu-
moral factors [22].

Unlike satiety hormones, ghrelin
stimulates food intake. This hor-
mone is released from the gastric

mucosa and acts on the brain’s re-
ward centers which enhances the de-
sire to eat (� Figure 4) [23]. This is il-
lustrated by experiments in rats
which received intracranial injections
of ghrelin. Relative to control ani-
mals, these animals ingested more of
a sugar solution and were better
motivated in behavioral tests to press
a lever for receiving a food reward
[24]. Presumably ghrelin plays also a
role in the formation of conditioned
flavor preferences, yet direct experi-
mental evidence remains to be pre-
sented [25].

Conclusions

We have seen that our postprandial
experiences condition us for our diet.
It is obvious that subjects who pre-
viously encountered multiple foods
live on different diets compared with
others which were exposed to mo-
notonous food. The mechanisms un-
derlying preference learning and the
fact that taste recognition is part of
the implicit memory explain why it
is so difficult to switch from an un-
healthy nutrition to a healthy one.

Finally, it also becomes apparent
which immense influence parents
exert on their children. In accordance
with the aforementioned principles,
experiments with children impres-
sively confirmed that frequent offers
facilitate acceptance of originally re-
jected food. Children initially pre-
ferred mashed carrots over spinach.
After the tenth offer, however, the
children also consumed the spinach.
Thus, persistently offering variable
foods to children leads to the accep-
tance of a variety of foods and thus
contributes to a healthy diet. Learned
and innate behaviors appear not to
be independent processes. Rather in-
nate behaviors are subject to modu-
lation by learned and individual ex-
periences. Only through learned be-
haviors, organisms are able to adapt
to their environment and expand
their spectrum of foods [9].

Fig. 4: Digestive physiology influences hunger and satiety
Ingested nutrients and presence of food in the alimentary canal result
in the release of hormones from the gastrointestinal tract which act
on the brain’s orexigenic/anorectic control centers to modulate
hunger and satiety.
CCK = cholecystokinin; GLP-1 = glucagon-like peptide 1;
PYY = peptide tyrosine-tyrosine

satietyhunger

ghrelin CCK
PYY
GLP-1



Ernaehrungs Umschau international | 12/2013 227

Perspectives

At a descriptive level, the principles
of eating habits are comparatively
well understood. However, the mo-
lecular and cellular correlates remain
almost completely unknown. Signif-
icant research efforts have to be un-
dertaken in order to close the gaps
and create the basis for successful
nutritional counseling. Experimental
work on suitable genetically-engi-
neered mouse models combined with
the latest physiological and neurobi-
ological methods and sophisticated
behavioral tests is a promising strat-
egy to approach these research ob-
jectives. Based on the future ad-
vances it should also be possible to
expand the knowledge about these
problems also in the human system
through a combination of genetic
and sensory analyses with non-in-
vasive imaging techniques of the
brain.

Dipl.-Biol. Sandra Hübner1

Dipl.-Neurowiss. Jonas Töle2

Prof. Dr. Wolfgang Meyerhof3

German Institute of Human Nutrition
Potsdam-Rehbruecke
Arthur-Scheunert-Allee 114–116,
14558 Nuthetal
1E-Mail: sandra.huebner@dife.de
2E-Mail: jonas.toele@dife.de
3E-Mail: meyerhof@dife.de

Conflict of Interest
The authors declare no conflict of interest ac-
cording to the guidelines of the International
Committee of Medical Journal Editors.

Glossary
gustofacial = derived from lat.
gustus (= taste), and lat. facie
(= face)

coprophagia = intake of faeces
(and thus also of nutrients pro-
duced/released by intestinal
symbionts)

References

1. Cowart BJ (1981) Development of taste per-
ception in humans: sensitivity and preference
throughout the life span. Psychol Bull 90:
43–73

2. Steiner JE (1974) Discussion paper: innate,
discriminative human facial expressions to
taste and smell stimulation. Ann N Y Acad
Sci 237: 229–233

3. Canestrini S. Über das Sinnesleben des
Neugeborenen. Springer Verlag, Berlin (1913)

4. Steiner JE (1973) The gustofacial response:
observation on normal and anencephalic
newborn infants. Symp Oral Sens Percept:
254–278

5. Grill HJ, Norgren R (1978) The taste reac-
tivity test. II. Mimetic responses to gustatory
stimuli in chronic thalamic and chronic de-
cerebrate rats. Brain Res 143: 281–297

6. Adolphs R, Tranel D, Koenigs M, Damasio
AR (2005) Preferring one taste over another
without recognizing either. Nat Neurosci 8:
860–861

7. Clouard C, Meunier-Salaun MC, Val-Laillet
D (2012) Food preferences and aversions in
human health and nutrition: how can pigs
help the biomedical research? Animal 6:
118–136

8. Vogt MB, Rudy JW (1984) Ontogenesis of
learning: IV. Dissociation of memory and
perceptual-altering processes mediating taste
neophobia in the rat. Dev Psychobiol 17:
601–611

9. Dovey TM, Staples PA, Gibson EL, Halford
JC (2007) Food neophobia and “picky/fussy”
eating in children: a review. Appetite 50:
181–193

10. Sclafani A (1997) Learned controls of inges-
tive behaviour. Appetite 29: 153–158

11. Mennella JA, Griffin CE, Beauchamp GK
(2004) Flavor programming during infancy.
Pediatrics 113: 840–845

12. Schwartz C, Chabanet C, Laval C et al.
(2013) Breast-feeding duration: influence on
taste acceptance over the first year of life. Br
J Nutr 109: 1154–1161

13. Garcia J, Hankins WG, Rusiniak KW (1974)
Behavioral regulation of the milieu interne
in man and rat. Science 185: 824–831

14. Welzl H, D’Adamo P, Lipp HP (2001) Condi-
tioned taste aversion as a learning and mem-
ory paradigm. Behav Brain Res 125: 205–
213

15. Bermudez-Rattoni F (2004) Molecular
mechanisms of taste-recognition memory.
Nat Rev Neurosci 5: 209–217

16. Schafe GE, Sollars SI, Bernstein IL (1995)
The CS-US interval and taste aversion learn-
ing: a brief look. Behav Neurosci 109: 799–
802

17. Fenwick S, Mikulka PJ, Klein SB (1975) The
effect of different levels of pre-exposure to su-
crose on the acquisition and extinction of a
conditioned aversion. Behav Biol 14: 231–
235

18. Galindo MM, Schneider NY, Stähler F et al.
(2012) Taste preferences. Prog Mol Biol
Transl Sci 108: 383–426

19. Ferreira JG, Tellez LA, Ren X et al. (2012)
Regulation of fat intake in the absence of
flavour signalling. J Physiol 590: 953–972

20. de Araujo IE, Oliveira-Maia AJ, Sotnikova
TD et al. (2008) Food reward in the absence
of taste receptor signaling. Neuron 57: 930–
941

21. Breer H, Eberle J, Frick C et al. (2012) Gas-
trointestinal chemosensation: chemosensory
cells in the alimentary tract. Histochem Cell
Biol 138: 13–24

22. Langhans W, Geary N (2010) Overview of
the physiological control of eating. Forum
Nutr 63: 9–53

23. Berthoud HR (2008) Vagal and hormonal
gut-brain communication: from satiation to
satisfaction. Neurogastroenterol Motil
20(Suppl 1): 64–72

24. Skibicka KP, Shirazi RH, Hansson C, Dick-
son SL (2012) Ghrelin interacts with neu-
ropeptide Y Y1 and opioid receptors to in-
crease food reward. Endocrinology 153:
1194–1205

25. Sclafani A (2012) Gut-brain nutrient sig-
naling. Appetition vs. satiation. Appetite
[Epub ahead of print; DOI: 10.1016/
j.appet. 2012.05.024]

DOI: 10.4455/eu.2013.042


