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Introduction

In mammals, the tongue is a pivotal tactile organ that 
contributes markedly to food sensation. It is highly affected 
by nutritional habits and that’s why it differs in form, dimen-

sions and morphology [1]. Several studies have examined 
the tongues of numerous species of animals not only for 
how they affect taste sensation but also for their role in food 
palatability, liquid food intake, chewing, mingling food with 
saliva, sucking habit, swallowing and speaking [2].

The adaptability of vertebrates to the surrounding envi-
ronment greatly depends on their feeding mechanisms [3]. 
The tongue and hypobranchial system are responsible for a 
broad diversity of functions like prey capture, respiration, 
liquid intake and defense mechanism [4]. Furthermore, there 
is a highly significant correlation between tongue’s anatomy, 
morphology and the environmental circumstances in which 
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animals utilize their tongues or hypobranchial system [5].
The shape and structure of the tongue vary greatly among 

animal species, ref lecting the different functions of each 
particular tongue [6]. Tongue anatomy revealed three parts 
which are apex, body and root [7]. In mammals, four dif-
ferent categories of tongue papillae (filiform, fungiform, 
circumvallate, and foliate) could be identified on its dorsal 
surface [8]. Tongue morphology shows a big difference in its 
structural features according to dietary habits and taxonomy 
[9].

Rodents are the largest order of mammals. Mice belong 
to the Mammalia class, order Rodentia, family Muridae [10]. 
They are omnivorous rodents. They consume both plants 
and animals and are capable of adapting to local available 
resources [11].

Bats are the second largest order of mammals. They are 
arboreal animals. They belong to the Chiroptera order. 
The Order Chiroptera is divided into two suborders; the 
Megachiroptera (megabats) which includes one family (the 
Pteropodidae) and the Microchiroptera (microbats) which 
includes 18 families [12]. There are various morphological 
differences between the two suborders; megabats are mostly 
phytophagous, while microbats are almost carnivorous, 
particularly insectivorous. Moreover, the basic aspects of 
kinematics and behavior are significantly different between 
both suborders [12, 13]. The fruit bats are megabats, belong-
ing to suborder Megachiroptera, family Pteropodidae. Ptero-
podidae feed on fruits, flowers, nectar and pollen and have 
Rousettus genus. Rousettus aegyptiacus is the only species of 
bats present in Egypt [14]. 

The long-eared hedgehog, Hemiechinus auritus, is one of 
the species of spiny hedgehogs. It belongs to family Erina-
ceidae, order Insectivora [15]. It is found in the Middle East, 
in the deserts of Egypt and Libya [16]. It is an earthly nightly 
mammal which lives in cultivated habitats as farms and gar-
dens. The long-eared hedgehog is insectivorous, mostly feeds 
on small invertebrates and worms [17]. Hedgehogs possess a 
muscular tongue that occupies most of the oral cavity [18]. 
Their blood can be used to treat various diseases and their 
flesh can be eaten as a kind of remedy to certain illnesses [19]. 

Accordingly, this study has been carried out to com-
pare the ultrastructure and distribution of the filiform and 
fungiform papillae on the dorsal surface of the tongues in 
three various animals from three distinct species of mam-
mals (Egyptian mice, fruit bats and long-eared hedgehogs) 
which are characterized by a great diversity of dietary habits. 

Moreover, the purpose of this research was to clarify the cor-
relation between the morphology and distribution of tongue 
papillae of these mammals and their feeding habits.

Material and Methods 

Experimental animals
Four adult normal healthy animals of both sexes (2 males 

and 2 females) from each mammalian type; Egyptian mice, 
fruit bats and long-eared hedgehogs were obtained from Abu 
Rawash farm, Giza, Egypt. All procedures were conducted in 
accordance with local ethical rules.

Scanning electron microscope preparation
Animals were euthanized by ketamine overdose. Tongues 

were dissected from the root. Tongues were fixed into 3% 
glutaraldehyde with phosphate buffer (pH 7.3). Tissue sam-
ples were rinsed in buffer, then post-fixation was carried out 
in 1% osmium tetroxide (OsO4) at 37°C for 1.5 hours. After-
wards, the post-fixed specimens were put in 3 N HCl at 60°C 
for 20 minutes to eliminate extracellular mucus from the 
tissue surface. The specimens were passed through alcohol 
and amyl acetate series and their dryness was achieved with 
critical-point-dryer. The dried samples were covered by a 
gold sputter coater (SPI-Module; SPI Supplies, West Chester, 
PA, USA) and specimens were examined by JEOL-JSM-5500 
LV (JEOL, Ltd., Akishima, Tokyo, Japan) reflection scanning 
electron microscopy at the National Research Center, Cairo, 
Egypt. The specimens were stored over silica gel to remain in 
perfect condition for many weeks. 

Results 

Scanning electron microscopic observations

Egyptian mice tongue
The dorsal surface of mice tongue revealed four various 

sub-types of filiform papillae. These papillae were numerous 
and extended throughout its entire surface. Spike-shaped 
filiform papillae were arranged in parallel rows at the middle 
area of the tongue especially on both sides of the median 
sulcus. The papillae that were close to the median sulcus 
were directed towards the sulcus. Great numbers of conical-
shaped filiform papillae were observed. Some of them were 
observed at the tip and directed posteriorly towards the root 
of the tongue whereas others existing at the lateral sides of 
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the tongue were directed medially (Fig. 1A). Posteriorly, a 
V-shaped sulcus was evident with two shapes of filiform 
around it, leaf-shaped filiform papillae with two or three ter-
minal processes (bifid or trifid) and spike- shaped filiform 
papillae. Both papillae were directed towards the V-shaped 
sulcus (Fig. 1B). Another shape of the filiform papillae was 
observed and appeared as tongue-shaped and was directed 
posteriorly (Fig. 1C). By higher magnification, overlapped 

layers of leaf-shaped filiform papillae were evident and the 
tip of each papilla was divided into two or three terminal 
processes (Fig. 1D). Conical-shaped filiform papillae were 
numerous and appeared thickened with rounded ends (Fig. 
1E). Cylindrical-shaped fungiform papillae was noted in be-
tween the spike or tongue-shaped filiform papillae. Higher 
magnification of the surface epithelium of the fungiform pa-
pillae also revealed micro-pits, micro-ridges and taste pore, 
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Fig. 1. Scanning electron micrograph of 
dorsal surface of mice tongue showing 
(A) SFi arranged in both sides of the 
median sulcus (arrowheads) and CFi at 
the tip and lateral sides of the tongue. 
(B) SFi, LFi with terminal processes and 
v-shaped sulcus (arrowheads). (C, D) 
tongue-shaped filiform papillae (star), 
overlapped leaf-shaped filiform papillae 
with two or three terminal processes 
of papillae tips (arrow). (E) thickened 
CFi overlapping each other. (F) FU in 
between numerous SFi (arrow). (G) 
tongue shaped filiform papillae (star) 
and FU. (H) FU with micro-pits , 
micro-ridges (arrowhead) and taste pore 
(arrow). CFi, conical-shaped filiform 
papillae; FU, fungiform papillae; LFi, 
leaf-shaped filiform papillae; SFi, spiked 
shaped filiform papillae.
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all were present on epithelial cell surfaces (Figs. 1F–H).

Fruit bats’ tongue
The tongue of bat was rectangular in shape with an elon-

gated body and a widened root. The filiform papillae were 
plentiful and distributed throughout its entire dorsal surface. 
The shape, size and direction of these papillae and their pro-
cesses were variable and depended on their places within the 
tongue. The papillae near the median portion were slightly 
posteriorly directed towards the root of the tongue, while 
those occupying the lateral parts of tongue were directed 
medio posteriorly. There were two subtypes of filiform papil-
lae on the dorsal surface of the tongue; flower-like and leaf-
like filiform papillae. There were few numbers of fungiform 
papillae distributed between the filiform papillae (Fig. 2A). 
The flower-shaped filiform papillae showed a unique mor-
phology. They possessed posteriorly oriented numerous 

tapered processes which extended from all upper borders of 
the papillae. These f lower-shaped papillae were proved to 
aid in food retention and gripping on fruits (Fig. 2B). The 
fungiform papillae were scattered among the filiform papil-
lae and revealed two categories according to their form; the 
first form was round-shaped and characterized by small 
round depressions on the surface, elevated parts and micro-
grooves. Taste pore of the taste bud was present in the micro-
depressed portion or the microgrooves (Figs. 2–E), while the 
second form of the papillae was the conical-shaped, with a 
depression or concave area on its sidewall (Fig. 2F).

Long-eared-hedgehogs’ tongue
The tongue of hedgehog appeared rectangular in shape 

with an elongated body and a widened root. Shallow grooves 
were observed laterally with the absence of the median sul-
cus on its dorsal surface. The filiform papillae were extend-
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Fig. 2. Scanning electron micrograph 
of filiform and FU of bats showing 
(A) leaf-like filiform papillae (LFi) 
overlapping each other at the lateral 
sides of the tong ue , an abundant 
number of FFi throughout the whole 
surface of the tongue and scattered 
FU (arrows). (B) FFi with its multiple 
apical processes (arrow). (C, D) RFU 
present between the FFi and elevated 
parts and microgrooves of FU (arrows). 
(E) R FU and surface microgrooves 
(arrow head) that contain the taste 
pore. (F) CFU scattered in between the 
filiform papillae with its depressed side 
wall (arrow head). CFU, conical shaped 
fungiform papillae; FFi, flower-shaped 
f i l i form papi l lae;  FU, f ung i form 
papillae; LFi, leaf-like filiform papillae. 
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ing throughout the tongue with higher distribution in its 
anterior part than its root. In comparison with the filiform 
papillae of mice and bats, markedly less distribution of fili-
form papillae was evident. Few numbers of fungiform papil-
lae were scattered between the filiform papillae and confined 
to the posterior portion of the tongue (Fig. 3A). The shape of 
filiform papillae was tongue-like with different lengths and 
directions but most of them were directed posteriorly. By 
higher magnification, short and elongated tongue-like fili-
form papillae were observed (Fig. 3B, C). Dome-shaped fun-
giform papillae with a lobulated and an irregular surface was 
noted. Taste pore was also obviously observed on the surface 
of the fungiform papillae (Fig. 3D).

Discussion

The distribution of the various papillae on different loca-
tions on the dorsal surface of the tongue is a specialty of a ge-
nus and is a characteristic feature that varies among various 
species. Living in different habitats and consuming various 
diets greatly affect the morphological features, allocation and 
type of these papillae [20].

In the current study, the dorsal surface of mice tongue 
was characterized by the presence of a median sulcus. This 
finding coincides with previous studies which reported that 
the lingual median sulcus was present in mice [7], bank voles 

[21], rabbits [22] and American beaver [23] as it was proved 
to be one of the characteristic features of their tongues and 
divides the apex and body portion of the tongue into two 
equal parts. It was also demonstrated that the median sulcus 
presented a typical specific feature in many rodents. How-
ever, it might vary in size [24]. Moreover, in young albino 
mice, the median sulcus appeared to extend from the tip to 
the middle of the back of the tongue [25]. The median sulcus 
was proved to help in food grinding; when food is put in the 
mouth, the tongue is depressed along the median sulcus to 
hold food, then once placed on the tongue, the food is tossed 
to either side to be grinded by teeth [23]. Findings in bats 
and hedgehogs revealed the absence of median sulcus as 
demonstrated in Figs. 2A, 3A. These observations are consis-
tent with and supported by several studies where the authors 
stated that there is no lingual median sulcus or prominence 
in the tongue of bats and hedgehogs [26-31].

In the current investigation, the tongue of mice revealed 
abundant distribution of filiform papillae in the form of four 
different subtypes (spike, conical, leaf, and tongue-like papil-
lae). These papillae were observed through the entire dorsal 
surface of the tongue. The direction of these papillae varied 
according to their location, they were either directed towards 
the median sulcus or V-shaped sulcus, or directed posteri-
orly or medially. These results coincide with previous studies 
where various shapes of filiform papillae were observed in 

A B
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Fig. 3. Scanning electron micrograph 
of lingual filiform and FU of hedge-
hogs showing (A) small number of 
Fi throughout the dorsal surface of 
the tongue, FU in posterior part and 
shal low grooves (arrowheads). (B) 
Tongue like Fi (arrows) in different 
directions. (C) Tongue like Fi with 
different lengths (arrows). (D) Dome-
shaped FU of an irregular lobulated 
surface with grooves (arrowheads) and 
taste pore (arrow). Fi, filiform papillae; 
FU, fungiform papillae.
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rats and mice and occupied different portions of the tongue 
[32, 33]. In nature, mice are predominantly herbivores. How-
ever, mice began to consume all kinds of food including hard 
objects as they are mostly adapted to urban regions. Hence, 
the morphology, distribution and degree of keratinization 
of tongue papillae vary between mammalian species as they 
are greatly influenced by dietary habits and environmental 
circumstances [34, 35].

Comparative studies of tongue morphology demonstrated 
that morphological and functional variations are related to 
evolutionary shifts in dietary habits of various species [5, 
36]. It was demonstrated that frugivorous bats are charac-
terized by having a protruded and elongated tongue. When 
feeding on fruits, the tongue moves forward to squeeze the 
bolus against the palate [37]. In the current research, the dor-
sal surface of bats’ tongue was distinguished by a plentiful 
number of two subtypes of filiform papillae (flower and leaf-
like types). The different shapes of filiform papillae might 
be due to different chewing ways and feeding styles [29, 38]. 
Flowers’ nectar, fruits and fruit juice constitute the diet of 
the Egyptian fruit bats. These animals are species belonging 
to the Pteropodidae family and also act as important seed 
propagators and pollinators [39]. These observations are also 
in agreement with a previous study which reported that the 
tongue of bats possessed numerous filiform papillae. In ad-
dition, it was found that in some nectar-feeding species, pro-
tractile tongues were characterized by having multiple me-
chanical filiform papillae which form a brush on the tongue 
apex [40]. Moreover, another study proved that the tongue of 
Egyptian fruit bat has minute filiform papillae with numer-
ous small tapered processes that are directed posteriorly [26].

The f lower-shaped filiform papillae showed a unique 
morphology and possessed numerous posteriorly directed 
sharp processes arising from their upper borders. These 
processes were proved to aid in gripping on fruits [41]. In 
addition, the tilted orientation of these papillae towards 
the root of tongue makes retention of food much easier [5]. 
Interestingly, it was also revealed that these filiform papil-
lae compensate for the absence of incisive teeth as incisors 
of these bats are placed laterally, leaving an obvious space 
between canine teeth. This increased space permits the elon-
gated tongue to move freely, thus acting as an adaptation for 
efficient feeding [14, 42]. Moreover, the widespread presence 
and increased surface area of these papillae were proved to 
enhance oral absorption and effective food transportation 
[41]. The firm structure of these papillae facilitates effective 

grinding of fruit pulp. Moreover, they aid in holding the 
crushed fruit while compressing it against the palate, thus 
maximizing extraction of juice from fruits [28]. All of these 
above-mentioned mechanisms allow bats to consume food 
particles without additional load while f lying and control 
food in the oral cavity while feeding mostly upside-down [28, 
43].

Several investigations revealed that filiform papillae pos-
sessed a functional role during fights for obtaining food and 
liquids and their transportation towards the pharynx in ad-
dition to their role in improving food adhesion to the tongue 
surface which is greatly compatible with the dietary habits 
during the flight. It was also reported that as a consequence 
of the adaptability of the tongue mucosa to the f luid and 
semifluid food intake, the morphology and distribution of 
tongue papillae in Egyptian fruit bat pointed out its specified 
morphology which distinguishes these species [26, 44, 45].

Moreover, in the present study, the directions of the bats’ 
filiform papillae were observed to be either posterior or 
medio posterior according to their location. These results 
could be explained according to a study which reported that 
the filiform papillae of bats were oriented to be easily bent 
in the direction towards the base of the tongue, but not in 
the reverse direction. This could be attributed to the need to 
convey the food taken into the mouth towards the root of the 
tongue to be easily swallowed [46]. Similar observations were 
noticed in the filiform papillae of mice that are present at the 
tip of the tongue, while those present at the lateral sides and 
near the median sulcus were directed medially. Same find-
ings were also revealed in long-eared hedgehogs’ tongue as 
most of its filiform papillae were oriented to be easily bent 
posteriorly towards the root of the tongue. 

In the current investigation, the filiform papillae of the 
hedgehog were tongue-like and fewer in number as com-
pared with those of mice and bats. This is in accordance with 
a study performed by Naser [47]. In various mammalian 
species, the lingual papillae showed considerable differences 
regarding their morphology, dimensions, numbers, distribu-
tion and direction of their orientation. These variations are 
mostly related to the differences in feeding habits and ma-
nipulation of food particles in the oral cavity [48].

In addition, it was demonstrated that the filiform papil-
lae form the preliminary pathway of food conveyance which 
comes into contact with the palate during chewing and de-
glutition so these papillae possess a good mechanical func-
tion. They also supply the tongue with a roughened surface 
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suitable for food movement and grinding [49, 50]. Filiform 
papillae contain no taste buds suggesting that they have no 
role in taste sensation and have only mechanical function 
during the masticatory process [50-52]. The different distri-
bution of these papillae emphasizes their function in protect-
ing the dorsal surface of the tongue [50, 53].

Regarding the fungiform papillae, findings of the cur-
rent study showed different shapes of fungiform papillae, 
cylindrical shape in mice, round or conical shape in bats and 
dome shape in hedgehogs, all of which were scattered be-
tween the filiform papillae. These findings are in agreement 
with several studies which demonstrated that the size and 
shape of fungiform papillae differ among various mamma-
lian species [54, 55]. These observations also coincide with a 
previous investigation that reported the presence of scattered 
fungiform papillae in between the long filiform papillae at 
the posterior portion of the tongue. It was proved that the 
presence of fungiform papillae in this area can improve taste 
sensation of the accumulated food in this portion before the 
swallowing process. Moreover, the presence of filiform papil-
lae around the fungiform papillae, supports their protective 
function [56, 57]. 

In the present work, the fungiform papillae were charac-
terized by having microgrooves and taste pores containing 
taste buds. These results are in accordance with many studies 
which reported that taste buds are considered as peripheral 
sensory organs of gestation as they have a monitoring func-
tion to the chemical environment of the mouth, specially 
the taste sensation of ingested food [58-60]. Moreover, it was 
demonstrated that the presence of taste buds on the tongue 
tip and the fore tongue play an essential role in receiving 
chemical and mechanical information of food [61].

In conclusion, comparing the ultrastructural morphol-
ogy and distribution of the lingual filiform and fungiform 
papillae of the three different mammals under investigation 
showed remarkable variations among these animals. Such 
differences were suggested to be correlated with the differ-
ent environmental circumstances of these animals hence, 
reflecting the adaptability of these animals to their various 
dietary habits. 

It is recommended to do further investigations regarding 
the direct effect of the dietary habits and the environmental 
circumstances on the morphology and distribution of lin-
gual papillae in different animal species. Also, performing 
morphometrical analysis regarding the size of the studied 
papillae is highly recommended as it is an important remark 

in comparative anatomy. 
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