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The development of the chemosensory apparatus of the tongue and taste perception i n  
infants is studied by morphological (scanning electron microscopy) and physiological 
(vegetative and motor responses) methods. The chemosensory elements on the radix and 
body of the tongue develop more rapidly than those on the tip of the tongue. Heterochrony 
in the development of the sensitivity of the tongue tip to various gustatory stimuli (sweet, 
bitter, salty, and sour) is demonstrated. 
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Gustatory apparatus in humans and other immature- 
born mammals is characterized by structural and 
functional immaturity [2,5,8]. After birth, the re- 
ceptors on the body and radix of the tongue, which 
contact with the mother's nipple during sucking, are 
the only structures capable of executing the chemo- 
sensory control. Generally, food is tasted with the 
tip of the tongue. In immature-born mammals, taste 
buds on the anterior part of the tongue are not fully 
developed, lacking the taste pores [3]. On the other 
hand, the fetus can swallow amniotic fluid to which 
a sweet substance had been added [6]. At the same 
time, heterochrony in the development of taste per- 
ception in humans has been poorly investigated. 

MATERIALS AND METHODS 

Structural organization of the chemosensory appara- 
tus of the tongue was studied by scanning electron 
microscopy using autopsy material from newborns in 
the first year of life..The specimens were processed 
as described previously [2,3]. 
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Taste perception was studied in infants aged 1-3 
months (group 1), 5-7 months (group 2), and 9-10 
months (group 3). Sweet (1 M glucose), bitter (3.3x 10 -6 
M quinine), salty (0.5 M salt) and sour (0.154 M citric 
acid) solutions were applied onto the tip of the tongue. 
These concentrations slightly exceeded the taste thresh- 
old. The oromotor reactions and facial expression in 
response to different solutions were videotaped with 
a Panasonic-G120 camcorder. The heart rate (HR) 
and stress rating (SR, assessed by the method of 
Baevskii) were recorded using an MM-01 monitor. 

RESULTS 

Scanning electron microscopy showed that the 
tongues of infants and adults differ not only in the 
size and shape of taste papillae, but also in the 
presence and number of taste pores. In newborns, 
there were no more than 1-3 taste buds in the fungi- 
form papillae (Fig. 1, a-d), many of the buds lacking 
taste pores. The number of taste pores increased by 
the end of the 1st month, while by the 3rd month 
all taste buds bore open taste pores. 

On the other hand, the number of taste buds 
with open pores in the papillae on the radix and 
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body (from 10 to 400) of the tongue far exceeded 
that on the tip (Fig. 1, g, h). Fungiform papillae in 
the medial part of  the body and radix of  the tongue 
were larger and had more buds with open pores (5- 
6) than those on the tip of  the tongue (Fig. 1, e, J). 

Thus, the study of  the structural organization of  
the gustatory apparatus revealed heterochrony in the 
development of tongue receptors in humans which 
was similar to that observed in immature-born mam- 
mals. The chemosensory apparatus first developed in 

the areas contacting with the mother 's  nipple during 
sucking, i.e., papillae of the body and radix of the 
tongue. Taste buds and pores of  the anterior surface 
responsible for the chemosensory control over the 
quality of  food developed later. 

The vegetative responses of  infants to the ap- 
plication of flavored solutions on the tip of the tongue 
were as follows. In group 1, HR dropped in most 
cases after presentation of sweet solution (Fig. 2, /, 
a). An increase in HR occurring in some infants re- 
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Fig. 2. Vegetative parameters: heart rate (HR, I) and stress rating (SR, I/) before (open bars) and after (shaded bars) presentation of sweet 
(a), bitter (b), salty (c), and sour (d) taste stimuli. The first pair of bars corresponds to a rise of HR and SR, the second pair corresponds 
to a drop of these parameters. 1, 2, 3) correspond to different age groups�9 II/: cardiogram of a 5-month-old infant before (1) and after (2) 
presentation of a bitter stimulus. 

suited probably from general motor excitation caused I, b). Both sweet and bitter stimuli significantly 
by a sweet stimulus. Presentation of  a bitter solution changed SR: it dropped to "relaxation" and rose to 
elevated HR in the majority of  these infants (Fig. 2, "tension" after presentation of sweet and bitter solu- 
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Fig. 3. Facial expression of infants in response to gustatory stimulation of the tip of the tongue. Facial expression after presentation of 
sour (a, b) and salty (c, d) stimuli to a 1-month-old infant. Facial expression after presentation of sour (e, f) and salty (g, h) stimuli to a 5- 
month-old infant. 

tions, respectively (Fig. 2, II ,  a, b). Gustatory stimu- 
lation also induced a number of  motor  reactions: 
tongue and lip motions, sucking, etc. Practically no 
mimic reactions to gustatory stimulation were noted 
in this group (Fig. 3, a-d) probably due to poor de- 
velopment  of  the motor  component  of  these re- 
actions [ 1]. 

In group 2, a sweet stimulus induced a signifi- 
cant drop of  H R  (Fig. 2 , / ,  a). Oromotor and mimic 
reactions were well developed. In addition, a sweet 
stimulus often caused induced bubbling, a specific 
sign of  comfort  state of  the infant. Presentation of  a 
bitter stimulus significantly elevated H R  (Fig. 2, /, 
b). The motor  reactions and facial expression were 
indicative of  rejection (expression of  displeasure, the 
lower lip and tongue thrusting, etc.). Salty and sour 
stimuli significantly changed H R  (Fig. 2 , / ,  c, d). SR 
significantly dropped and rose in response to sweet 
and bitter solutions, respectively. A sour stimulus in 
some cases increased, and in others decreased SR 
(Fig. 2, 11, a, b, d). Sensorimotor reactions and facial 
expressions indicated that 5-7-month-old infants are 
able to perceive sour taste (Fig. 3, e-h).  

In group 3 infants, gustatory stimulation pro- 
duced statistically significant effects on all studied 
vegetative and motor  parameters. 

For instance, a sweet stimulus decreased H R  and 
SR, while a bitter and salt taste increased them (Fig. 
2, L a-c; 11, a-d) .  Sour substances in some cases 
inhibited, while in others stimulated H R  (Fig. 2 , / ,  d). 

Thus, it can be hypothesized that the perception 
of  sweet stimuli is well developed in 1-3-month-old 
infants. The taste buds with open pores in the papillae 
on the tongue tip are responsible for the perception of  
sweet stimuli at this stage of  ontogeny. Such a selective 
sensitivity of some taste buds in the fungiform papil- 
lae has been reported previously for adults [4]. Further 
development of  taste buds and the appearance of  
pores provided perception of  other gustatory stimuli. 
This is confirmed by changes in vegetative and oro- 
motor parameters and facial expression in response 
to gustatory stimulation in elder infants. In full-term 
newboms taste buds on the tip of  the tongue ensure 
perception of  sweet stimuli [7]. However, perception 
and rejection of  bitter substances is also possible. The 
development of the receptors responsible for percep- 
tion of  other gustatory stimuli provides the widening 
of  "taste contacts" with the environment. 

REFERENCES 
1. N.N. Avdeeva, O. S. Adrianov, O. V. Boravova, et al., Brain 

and Behavior of Infants [in Russian], Moscow (1993). 
2. Z. V. Lyubimova, Byull. Eksp. Biol. Med., 91, No. 6, 643- 

647 (1981). 
3. Z.V. Lyubimova and A. I. Esakov, Ibid., 84, No. 10, 499- 

502 (1977). 
4. K. Arvidson and U. Friberg, Science, 209, 807-808 (1980). 
5. R.M. Bradley and I. B. Stern, J. Anat., 101, 743-752 (1967). 
6. A. W. Liley, in: Pathophysiology of Gestation, Vol. 2, New 

York (1972). 
7. I. Rarrfirez, Neurosci. Biobehav. Rev., 14, No. 2, 125-'134 (1990). 
8. I. E. Steiner, Adv. Child Dev. Behav., 13, 257 (1979). 


