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Summary 
Taste is important for food intake. The fetus first experiences 
taste through amniotic fluid, and later via mother’s milk. Early 
human experience with taste has a key importance for later 
acceptance of food. Dietary behavior is determined by the 
interaction of many different factors. The development of the 
olfactory and taste receptors begins at 7-8 weeks of gestation. 
An early sensitive period probably exists when flavor preference 
is established. Sweet taste is preferred in early childhood; this is 
the reason why children are at increased risk of over-consuming 
saccharides. Gustatory sensitivity declines with age. The 
threshold for the perception of each basic taste differs, and is 
established genetically. In this review, we summarize published 
data on taste preferences and its development and changes 
during life.  
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Introduction 
 

Taste is an important protective sense, evolved 
to drive food intake and aid in the avoidance of poisons. 
Flavor is a product of several sensory systems, mostly of 
the chemical senses, taste and smell. The first experience 
with flavors occurs prior to birth when the flavor of 
amniotic fluid changes according to the mother’s diet 

(Mennella et al. 1995). Some of these flavors continue  
to be experienced in mother’s milk. Flavor components, 
ingested or inhaled, as for example tobacco, are 
transmitted to the amniotic fluid and to the maternal milk 
(Mennella and Beauchamp 1991). This means that the 
mother’s diet has key importance to the later acceptance 
of foods, preferably of palatable and in taste richer  
foods. Some vegetables that contain anticarcinogenic 
compounds have a bitter taste (for example cauliflower, 
broccoli). Fruits rich in vitamins and antioxidants are 
sour (Liu 2013). Dietary behavior is determined by 
interaction of many different factors, such as social, 
community, family and individual factors including 
availability and costs of different foods and sociocultural 
eating habits (Raine 2005). The acceptance of healthy 
foods has a significant impact connected to many chronic, 
called as noncommunicable, diseases (diabetes mellitus, 
metabolic syndrome, cardiovascular diseases, childhood 
obesity and dental caries), which are associated with poor 
food choice.  

 
Taste versus flavor and sensation 

 
Taste can be determined as a sensation caused 

by the chemical reaction of a substance with the receptors 
of taste cells, which are located in the oral cavity, mostly 
on the taste buds of the tongue. Each taste bud contains 
50-100 cells, which are localized on the palate, throat, 
epiglottis, or esophagus (Breslin and Spector 2008). The 
cells are connected to a sensory neuron, and one neuron 
can serve more cells simultaneously, so it can transmit 
different tastes accordingly. We cannot taste with our 
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lips, the underside of our tongue, our hard palate, or the 
inside of our cheeks. Young children may have taste buds 
in more areas of the oral cavity than adults. Five basic 
tastes exist: sweet, salty, bitter, sour, umami (savory). 
Each taste cell has multiple receptors for all the basic 
tastes, but usually only one or two taste receptors are 
active in one cell. The flavor is the result of the 
simultaneous effect of the taste, smell (n. olfactorius) and 
stimulation of the trigeminal nerve, the so-called 
chemesthetic sensation, which is able to register the 
texture, temperature, carbonation, or tear induction  
(e.g. by onions) (Lawless and Heyman 1999). Odors are 
recognized by olfactory receptors, which are located on 
a small patch of tissue in the nasal cavity. The gustatory 
cortex, including the anterior insula and frontal 
operculum, is responsible for taste perception. Taste-
stimuli are typically released when food is chewed, 
dissolved into saliva and predigested by oral enzymes, 
such as amylase, lipase, and proteases.  

Ion channels mediate the recognition of salty and 
sour foods, most commonly by sodium ions from sodium 
chloride (Meddler and Kinnamon 2004). Acid protons 
give rise to sour taste generation. G-protein-coupled 
receptors (GPCRs) transmit sweet, bitter, and savory 
tastes to the brain (Lee and Owyang 2017, Roper 2007). 
Bitter compounds are recognized by type II GPCRs 
(T2Rs) (Chandrashekar et al. 2000). This type of receptor 
allows the recognition of unpleasant-tasting compounds, 
so it may be involved in the warning to avoid toxins 
(Peyrot et al. 2011). 

The exact molecular mechanism of taste 
transduction differs for each taste, but they all cause 
transmitter release and increased firing of the afferent 
nerve.  

 
Salty taste 

Na+ ions enter the cell receptors via amiloride-
sensitive Na-channels. This causes depolarization, and  
an influx of Ca2+ through voltage-sensitive Ca2+ channels, 
which leads to transmitter release (Roper et al. 2007). 

  
Sweet taste 

Binding to the receptor activates adenylyl 
cyclase, and cAMP (cyclic adenosin-monophosphate) 
elevation. This causes cAMP-dependent protein kinase 
(PKA)-mediated phosphorylation of K+ channels.  
Ca2+ enters the cell through depolarization-activated  
Ca2+ channels and causes transmitter release (Zhang et al. 
2010). 

Sour taste 
The concept of sour taste perception changed by 

discover of an acid-sensing channel – PKD2L1 
(polycystin 2 like 1 channel), which is gated by pH  
(H+ ion concentration). This new evidence displaces the 
previous ones that H+ ions block K+ channels and cause 
a depolarization, or that H+ ions enter the cell through 
ENaC (epithelial sodium channels). These mechanisms 
could exist but do not lead directly to sour perception 
(Huang et al. 2006). 

 
Bitter taste 

Binding to the T2R receptors activates the  
G-protein. Diacylglycerols and IP3 (inositol triphosphate) 
as second messengers mediate release of Ca2+ from internal 
stores, which causes transmitter release and this increases 
the firing of the primary afferent nerve (Huang et al. 2006). 

 
Umami taste 

Binding to the receptor activates a G-protein and 
this may elevate intracellular Ca2+ (Kurihara and 
Kashiwayanagi 1998). 

 
It is possible that specific receptors for the 

perception of fatty acids and calcium solutions exist. In 
rats, free fatty acids are deliberated by salivary lipase 
from triglycerides. Receptors for the free fatty acids are 
represented by type CD36 receptors, which were also 
identified in humans. Detection is probably mediated by 
G-protein coupled receptors (GPR40 and GPR120) and 
an influx of Ca2+ into the taste cells (Liu et al. 2016). Rats 
and chickens preferred the taste of calcium solution to 
water, when the calcium concentration in the solution was 
in the range of 0.04-0.5 mmol/l CaCl2. An opposite  
U-shaped relation between calcium taste preference and 
calcium concentration also exists in humans (Tordoff 
2001). 

The threshold for the perception of each basic 
taste differs (Table 1). The principal determinants of taste 
thresholds are genetic, and taste thresholds do not vary 
considerably from day to day (Heath et al. 2006). 
Gustatory sensitivity declines with age. Adults tend to 
add more salt and spices to food than children. For 
example, the threshold for the sucrose (sweet perception) 
is 10 mmol/l; in the case of HCl (hydrochloric acid), 
which represents bitter perception, is 0.9 mmol/l. 
Saltiness perception can be represented by NaCl (natrium 
chloride = salt), for this substance the threshold of 
perception is 10 mmol/l, and this is equal to the sucrose 
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threshold. Bitter taste can be noticed by a very low 
amount of quinine, exactly 0.008 mmol/l is enough for 
bitter perception, which is the lowest concentration from 
all the tastes. Umami is perceived by 0.7 mmol/l of 
glutamate (Purves et al. 2001).  

It is important to point out that besides 
saccharides (mono-, di-, tri-, polysaccharides and sugar 
alcohols), many different chemical solutions can taste as 
sweet. Except the sulfonates, known as artificial 
sweeteners, such as cyclamate, acesulfam, stevia or 
saccharin, sweet taste can also be induced by some 
proteins (neotam, thaumatin, monellin), peptides 
(aspartame, alitam), aminoacides (leucine, asparagine, 
lysine), flavonoides (neohesperidine), terpenes, toxic 
organic (ethylenglycol) and anorganic (berylium 
chloride) compounds (Kurihara 1992). 
 
 
Table 1. Summarization of the taste thresholds. 
 

Taste Substance Concentration 

Salty NaCl 0.01 M 
Sour HCl 0.0009 M 
Sweet Sucrose 0.01 M 
Bitter Quinine 0.000008 M 
Umami (savory) Glutamate Na+ 0.0007 M 

 
 
A recent study from 2017 offered very interesting 

results (Sollai et al. 2017). Authors tested sweet  
perception and preference by so-called PROP test,  
which is used in clinical studies for this purpose. PROP  
(6-n-propylthiouracil) is a prototypical bitter compound 
that can measure the direct human gustatory response by 
electrophysiological recording from the tongue. Subjects 
were classified for taster status (tasters versus non-tasters) 
and genotyped for the specific receptor gene (TAS2R38). 
Depolarization amplitude and rate were correlated with 
papilla density and perceived bitterness, and associated 
with taster status and TAS2R38. PROP test can also help 
predict the risk of dental caries in preschool and school 
children (Pidamale et al. 2012). In this study, children who 
were classified as non-tasters unable to perceive any taste, 
had increased dental caries compared to tasters, who had 
bitter perception. Another very interesting study described 
a positive relationship between non-taster status, sweet-
likers, high caries index and low digit ratio 2D:4D, which 
was obtained by measuring the length ratio of the index 
finger to the ring finger (Lakshmi et al. 2016). 

Besides the perceptive function, taste receptors 
can release several endocrine active substances, such as 
glucagon-like peptide, ghrelin, leptin, neuropeptide Y and 
others, which are involved in the regulation of food 
intake (Calvo and Egan 2015). This release of endocrine 
active substances by taste receptors has an autocrine 
effect and other unknown functions. In the  
experimental model, leptin selectively suppresses and 
endocannabinoids selectively enhance sweet taste 
sensitivity via leptin receptor (Ob-Rb) and cannabinoid 
receptor type 1 (CB1) expressed in sweet taste sensitive 
cells at the peripheral gustatory organs (Yoshida et al. 
2013). 

The cephalic phase of insulin secretion is 
commonly ascribed to the complex signals from the 
visual, gustatory and olfactory system, together with 
anticipation based on previous experience. The cephalic 
phase of insulin secretion was studied on 15 healthy male 
volunteers by Dušková et al. (2013). The experiment 
consisted of mouth rinsing with either a sucrose or 
aspartate solution or pure water as a placebo. Authors 
described a short-term increase of insulin after rinsing 
with the glucose, but not after rinsing with the aspartate 
or placebo. 

Taste serves for social communication in 
animals – for example in Drosophila it allows 
differentiation between male and female, mating status, 
and in vertebrates it can signalize dominancy. The 
question remains, whether „gustatory“ evaluation plays 
a role in human interactions, such as kissing. However, it 
helps in social communication (for example social events, 
such as lunch/dinner) (Breslin 2013). 

Apart from oral, there exists an extraoral taste 
perception. Taste sensors were identified in the lungs, 
gut, brain and reproductive system. The function of the 
extraoral taste perception is completely different from the 
oral:  

- it can modulate the transport and resorption of 
glucose (sweet receptors in the gut) 

- it can regulate the resorption of some 
substances of herbal origin (receptors for bitter in the gut) 

- it is able to react on the potentially toxic 
compounds and microbes (receptors for bitter in the 
lungs) (Lipchock et al. 2011).  

 
Taste preference and its development 

 
The development of the olfactory (Chuah and 

Zheng 1987) and taste receptors begins at 7-8 weeks 



S424   Podzimek et al.  Vol. 67 
 
 
of gestation (Witt and Reutter 1997). The olfactory 
receptors are mature by the 24th week and the taste 
receptors around 17th week of gestation. Fetal 
swallowing begins around the 12th week of gestation and 
non-nutritive suckling at the 18th week. Near the end of 
gestation the fetus swallows a significant amount of 
amniotic fluid, and from the 24th week amniotic fluid is 
also inhaled. Between the 22nd and 25th weeks of 
gestation the taste signals are transmitted to the central 
nervous system. Fetus can react to the different tastes 
connected to mother’s diet with changes of mimics and 
behavior. These changes can be detected by ultrasound. 
After birth, newborn babies start to react to different 
tastes in a few hours. For example, sweet taste causes 
positive reaction, such as rhythmic protrusion of the 
tongue or perking of lips (Ventura and Worobey 2013). 

The study by Mennella and his co-workers 
(2001) deals with the impact of the pre- and perinatal 
exposition to some taste on the later food acceptance 
revers. In this study, pregnant women in the last trimester 
of the gravidity (n=46) were randomly divided into three 
groups. The first group received frozen organic carrot 
juice (300 ml) during the pregnancy and water (300 ml) 
during the lactation, the second did the opposite, and the 
third received water during both periods. They were 
instructed to drink at specific times of the day  
(10am-2pm), 4 times per week, for 3 consecutive weeks 
during the last trimester of the gravidity, and then during 
the first two months of lactation. At the age of  
5.7±0.2 months, meaning 4 weeks after, cereals were 
added. Before the introduction of carrot containing foods 
to the infants’ diet, they were exposed to cereals to which 
water was added on testing day one, and carrot juice on 
testing day two. They were videotaped during the 
feeding. Infants who were exposed to the carrot flavor 
either prenatally or postnatally exhibited less negative 
facial responses while feeding the carrot-flavored cereals, 
whereas the control group exhibited the opposite 
tendency, although this was not significant. These results 
prove that initial experiences with tastes have  
an important impact on the later acceptance and 
enjoyment of food (Mennella et al. 2001). 

Tube fed infants cannot experience the taste and 
smell of milk, because it bypasses the nasal and oral 
cavity. Additionally, these children miss the experience 
of sucking, swallowing, and chewing. When the same 
children start to be able to chew, they have problems 
accepting solid foods when introduced (Illingworth et al. 
1964). In another study, infants were tube fed for at least 

2 months (from birth). These children later refused any 
attempt at oral feeding (reacted by agitation, vomiting,…) 
and needed the longest time to transit to normal eating 
behavior (Senez et al. 1996).  

Salty taste detection appears to develop later, 
perhaps between the 2nd week and the 6th month of life 
(Beauchamp et al. 1986). Salt preference is influenced by 
prenatal experiences and is higher in infants whose 
mother experienced morning sickness during pregnancy 
(Crystal et al. 1998).  

Children are most at risk for over-consuming 
sugar. Preference for sweet tastes is present early in life 
and is well conserved in primates (Steiner et al. 2001). 
Sweet preference remains present throughout childhood 
and starts declining to adult levels during  
mid-adolescence (Desor and Beauchamp 1987). Children 
of preschool age prefer higher concentrations of sucrose 
in water and lower concentrations of fat in pudding than 
their mothers. Preference of fat containing foods has 
a negative correlation to age (Mennella et al. 2012). 
Declination in sugar preference during adolescence could 
be associated with the cessation of growth (Coldwell et 
al. 2009). Hormonal changes during puberty could also 
play a role. Puberty is associated with changes in the 
secretion of insulin and leptin – both of which decrease 
sweet taste preference (Potau et al. 1997, Rodin et al. 
1985). Cognitive factors may also play a part, because 
adults are more concerned about weight and health than 
children are. The knowledge of taste preference change 
during life is also used by tobacco companies for 
choosing the flavor of cigarettes, which is more 
preferable by adolescent (Hoffman et al. 2016). 

Preference for sweet or salty tastes is generally 
reduced with advancing age until older adulthood (Liem 
and de Graaf 2004). Adults prefer more intense sweet, 
salty and sour tastes. This could be linked to the 
reduction of smell and taste sensitivity (Murphy and 
Withee 1986). Ovarian hormones also have influence on 
taste perception and preference. Good examples are 
pregnant and breastfeeding women who have decreased 
gustatory sensitivity. This could serve as a mechanism, 
which allows them to vary diet and to consume adequate 
electrolytes (Ochschenbein-Kolble et al. 2005). The 
sweet preference of pregnant women was significantly 
lower than that of nonpregnant women (Dippel and Elias 
1980). Similar situations occur in postmenopausal 
women (Saluja et al. 2014). 

Relatively little is known about developmental 
changes in sour, bitter and umami taste preference. Sour 
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stimuli have no great nutritional value, with the exception 
of vitamin C. Evolutionary sour taste probably served to 
guide our ancestors to fruits, which are rich in vitamin C.  

The rejection of bitter taste is limited in 
newborns (birth-6 days), but is evident in older infants 
(14-180 days) (Kajiura et al. 1992). The aim of this 
refusal of bitter tastes probably serves as a protection 
mechanism against food, which could contain toxins 
(Glendinning 1994). However, bitter taste preference 
increases in early adolescence and aversion to this taste is 
attenuated with age (Forestell and Menella 2015). 

Umami taste is not obvious in fresh meat. 
Hydrolyzed proteins have umami taste, so umami taste 
perhaps served as a marker of easily digested proteins in 
slightly aged or cooked meat (Milton 1999). An early 
sensitive period probably exists when flavor preference is 
established. Formulas containing protein hydrolysates are 
accepted by 4-month-old infants and younger without any 
problem (Mennella and Beauchamp 1996), whereas these 
hydrolysates are extremely unpalatable for adults and 
older children. Infants who consume a hydrolysate 
formula from early infancy readily continue to accept it 
after 5 months of age (Beauchamp et al. 1998). These 
observations suggest that there is a profound change at 
approximately 4 months of age in the infants’ perception 
of these formulas and that early experience modifies later 
acceptance. 

The importance of microbiome was understood 

recently. Microbiome is considered a true ecosystem, 
which includes 1014 microorganisms, with a wild 
spectrum of functions (digestion, maintenance of immune 
system, vitamins and enzymes production). The 
composition of microbiome is influenced by internal 
factors (as genotype, hormones, circadian rhythm) (Rácz 
et al. 2018) and external factors (as diet) (Kolátorová et 
al. 2018), but vice versa, it is possible that microbes of 
the gastrointestinal tract are able to “manipulate” the food 
intake of the host. There is a connection between cravings 
and composition of gut microbiota (for example, 
chocolate desiring individuals have different microbial 
metabolites in the urine than chocolate indifferent 
individuals) (Rezzi et al. 2007). Microbiota can affect 
mood and behavior too, which can be another way to 
influence food intake (Bercik et al. 2011). Both the fecal 
and oral microbiota are more similar among cohabiting 
family members compared to non-cohabiting individuals. 
Moreover, the microbial influence of food intake offers 
another somewhat surprising theory that food preference, 
which influences food consumption, could be contagious 
(Song et al. 2013), as well as obesity (Christakis and 
Fowler 2007, Dušátková et al. 2015, Hainer et al. 2015). 
Long-term preference of sweet food may affect oral 
microbiome and certainly creates the conditions for an 
increase of cariogenic streptococci. The clinical 
consequence of these changes in microbiome may be 
a higher incidence of dental caries. 

 
 
Table 2. Etiology of taste disorder.  
 

Frequent Less frequent Unusual Drugs 

smoking cocaine brain tumor antibiotics 
brain trauma nonpolar solvents psychiatric diseases anticonvulsives 

neurodegenerative diseases deficit of vitamin A, B6, B12, Cu, Zn endocrine diseases antidepressants 
age exposition to heavy metals diabetes antihistamines 

 
chronic liver failure epilepsy 

anti-inflammatory 
drugs 

 
head irradiation cerebrovascular attacks chemotherapeutics 

  
Sjögren syndrome antiparkinsonics 

  
systemic lupus antipsychotics 

   
statins 

   
myorelaxants 

 
 
It is important to mention that other causes  

(as trusting in foods known from advertisements, not 
avoiding additives in food, etc.) play the role in the 
choosing of food for children. Unfavorable parental 

consumer attitudes are associated with a lower parental 
education level across Europe. Children of parents with 
unfavorable consumer attitudes eat more often sweet, 
fatty and processed foods and had a lower healthy diet 
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adherence score. But parental consumer attitudes are not 
associated with children's fat, sweet and umami taste 
preferences (Jilani et al. 2018). 

 
Taste disorder 

 
Table 2 summarizes the possible factors which 

can lead to taste disorder (Bromley 2000). It is important 
to keep in mind that with the exception of some 
pathological conditions, such as neurodegenerative 
diseases or brain trauma, many frequently used drugs are 
responsible for changes of taste perception, which can 
have a negative impact on the quality of the individual’s 
life. 

 
Conclusion 

 
The first few months of life are an essential part 

of the flavor learning process in humans. Taste is  
an important protective sense; it can help us avoid 
consuming foods which contain hazardous compounds 
(toxins, microbes…). In contrast to the fact that we are 
only able to differentiate 5 basic qualities of tastes (sweet, 
sour, salty, umami, bitter), we are able to recognize 
a wide spectrum of different flavors. Flavor is a result of 
a more complex sensation which requests, except taste 
perception, smell (by n.IX – olfactoric nerve) and 

perception of the food texture (by n.V – trigeminal 
nerve). Early experience with different tastes is very 
important for later acceptance of foods, especially the 
healthy ones. Although questions still remain about the 
exact development of taste preferences, by applying our 
current knowledge to infants, we can help to support the 
healthy development of children's taste preference and 
eating behavior. It means that parents play a crucial role 
in the development of taste preferences in their children, 
which has an impact on health and the health conditions 
connected to food intake (for example obesity, 
cardiovascular diseases…). The possibility to influence 
the incidence of some typical, food related illnesses in 
early childhood, or even before birth, offers us a very 
promising and interesting topic for further research. 
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