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1. Introduction

There is a correlation between bird’s diets and the lingual 
epithelium morphology. Several studies showed that the 
structure of the bird’s tongue depend on the feeding habit 
and consumed food (Jackowiak and Godynicki 2005; 
Jackowiak and Ludwig 2008; Tivane 2008; Taki-El-Deen, 
2017). Many authors revealed that there is a close correlation 
of the structure of the surface epithelium with the style 
of food swallowing and the kind of food (Mclelland, 1975; 
Iwasaki et al., 1997; Homberger and Brush, 1986; Shawki 
and Abdel-Rahman, 1998). Birds tongue in their dorsal and 
a layer of stratified squamous epithelium covers ventral 
surfaces. This layer may be keratinized or non-keratinized 
according to the bird food intake. Erdoǧan et al. (2012b) stated 
that the thickness of keratinization of the postero-dorsal 
and lateral tongue surfaces of domestic birds is less. Tongue 
dorsal and ventral epithelium in ratites is non-keratinized 
and slightly thicker than the ventral one (Jackowiak and 
Ludwig, 2008; Crole and Soley, 2009b; Carlesso Santos et al., 
2011). Iwasaki et al. (1997) stated that the lingual papillae in 

birds consumed hard foods such as grains do as teeth and 
hold the food at the dorsal surfaces of the tongue. Iwasaki 
(1992) illustrated that lingual glands are present in many 
birds and absent in others such as the pelicanns. Salivary 
glands are well developed in granivorous and insectivorous 
and in birds that consumed soft diet such as piscevorous, 
they are less developed.

The aim of this study was to describe the histomorphometry 
of the tongue epithelium of the peregrine falcon using light 
and scanning electron microscopy.

2. Materials and Methods

2.1. Microscopic studies

Adult healthy birds were killed by neck dislocation. 
For routine light microscopy, Samples from the tongues 
apex and tongue body were taken and left in a 10% neutral 
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region, thick epithelial measurement were obtained. 
Sections were examined and measured using an image 
analysis system (MOTIC Image Plus 2.0 software) 
connected with research microscope equipped with 
digital camera.

3. Results

3.1. Microscopic observations

Examination of the histological sections (see 
Figures 1A-D) obtained from the tongue of the Falcon (Falco 
peregrinus) showed that it is supported by a single oval 
shaped cartilagenous hyoid apparatus named paraglossale. 
Lingual muscle bundles are parallel to the long axis of the 
tongue. The dorsal, lateral and ventral surfaces of the tongue 
are covered with a non-keratinized multilayered stratified 
squamous epithelium. A common feature of both surfaces 
of the tongue is the presence of lamina propria, which is 
richly vascularized connective tissues just beneath the 
epithelial layers. The lingual glands are present beneath the 
dorsal lingual epithelium in the lingual body in different 
regions. The lingual glands are in tubuloalveolar type and 
their ducts open directly dorsally.

buffered formalin for 24 h for fixation, then the samples 
were dehydrated using ethanol, followed by clearing 
in xylene and then impregnated with soft paraffin and 
left to harden to obtain paraffin blocks. The blocks were 
then cut serially into thin sections of about 5–7 μm. thick 
using a microtome and then mounted on dry, clean glass 
slides. The slides were stained with hematoxylin and 
eosin (H&E) stain.

2.2. Scanning electron microscope study

In each bird, one tongue was fixed in 5% gluteraldehyde, 
post fixed in 1% osmium tetroxide for two hours. Thereafter, 
the specimens were then washed in 0.2 M phosphate 
buffer solution for several times before treatment with 3N 
hydrochloric acid at 60°C for 30 minutes in order to remove 
the mucus from the tongue surface. The samples were 
dehydrated in an ascending series of ethanol. After critical 
drying point, the specimens were mounted and coated 
with gold, using a Jeol vaccum unit. The specimens were 
then observed under JEOL scanning electron microscope 
(JSM-5400V)

2.3. Morphometrical study

Five slides were measured in the regions of each 
tongue bird (five section for each slide). In each tongue 

Figure 1. A. Photomicrograph of a transverse section of the lingual apex of the falcon showing the dorsal lingual epithelium (E) and 
lamina propria (LP). (X, 40). B. Photomicrograph of a transverse section of the lingual body of the falcon showing the dorsal lingual 
epithelium (E) lingual muscles (M) and paraglossum (P). (X, 40). C. Photomicrograph of a transverse section of the lingual body of the 
falcon showing the dorsal lingual epithelium (E), lingual muscles (M), paraglossum (P) and the lateral epithelium (arrow) (X,40). D. 
Photomicrograph of a transverse section of the lingual body of the falcon showing the dorsal lingual epithelium (E) lingual muscles 
(M), lingual glands (G) and opening of the lingual glands (arrow). (X, 40).
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3.2. Scanning electron microscopy

Scanning electron microscopic observations (see 
Figures 2A-C) demonstrated that the lingual epithelium 
at dorsal surface of the tongue apex is in a carpet shape. 
Tongue dorsa epithelium of the lingual body is a flat smooth 
layer with lingual glands openings. There are two types 
of conical papillae, large conical papillae and small ones. 
All papillae are in conical shape, their tips are sharp and 
in a caudal direction and between the body and root of 
the tongue.

3.3. Morphometrical observations

The thickness of the epithelial measurements (see 
Table  1) revealed differences between different parts 
of the tongue. The epithelium of the apex of the tongue 
was thicker than that in the tongue body. At the dorsal 
surface, thickness of the apex epithelium was (548.6 ± 
83.4) μm while in the tongue body, the thickness was 
(338.7 ± 49.3) μm. Thickness of the ventral surface of the 

tongue (293.9 ± 39.4) μm was less than that in the dorsal 
surface. Thickness of the lateral surface of the tongue 
(478.2 ± 56.8) was thicker than that in the ventral one 
and tongue body.

4. Discussion

The results of this study described the microscopic 
structure of the lingual epithelium and correlation 
between the structure of the tongue and the feeding 
habits. Thickness of lingual epithelium of birds are differ 
between different regions of the tongue according to the 
level of contact of this region with food consumed. Dorsal 
epithelium of the tongue apex in many birds is in a direct 
contact with consumed food and this can cause injuries 
during food swallowing. Therefore, lingual epithelium of 
tongue apex is thicker that of another tongue regions as 
in case of the falcon. The thick of keratinized epithelium 
depended on the type of food intake. Keratinization of 

Figure 2. (A) Scanning electron micrograph of the dorsal surface of the lingual apex of the falcon showing that the lingual epithelium is 
in a carpet shape. (X,550); (B) Scanning electron micrograph of the dorsal surface of the lingual body of the falcon showing the opening 
of the lingual gland (arrows). (X,300); (C) Scanning electron micrograph of the dorsal surface of the lingual body of the falcon showing 
the small conical papillae (single arrow) and large conical papillae (double arrows). (X,27).

Table 1. Lingual epithelium thickness (μm) of different regions of peregrine falcon. (Means ± Standard Deviation).

Tongue apex (μm) Tongue body (μm) Ventral surface (μm) Lateral surface (μm)

Means ± standard deviation 548.6 ± 83.4 338.7 ± 49.3 293.9 ± 39.4 478.2 ± 56.8
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the epithelium is more in granivorous and herbivorous 
birds and less in water habitats birds which feeds on 
wet food (Iwasaki, 2002; Jackowiak and Ludwig, 2008, 
Parchami  et  al., 2010; Skieresz-Szewczyk et  al. 2014).). 
In this study, the non-keratinized epithelium thickness 
of the tongue in the peregrine falcon may adapted for 
mechanical protection (wet food of meat of small birds) 
that not need keratinization as in case of birds feeds on 
hard food (grains) which need keratinization to protect the 
epithelium. This result is in accordance with the emu tongue 
(Crole and Soley, 2008) and Muscovy duck (Igwebuike and 
Anagor, 2013b) in which the lingual epithelium is thick and 
non-keratinized. Many birds have well developed papillae 
such as owl and eagle which feed on small animals or fish 
and is not present in others which manipulate insects or 
plants such as ostrich and woodpecker (Emura and Chen, 
2008; Emura et al., 2009). Caudally directed papillae help 
to transfer food in a direction from the mouth to the 
esophagus and stop regurgitation (Koolos, 1986).

(Iwasaki and Kobayashi, 1986) stated that there are 
caudally papillae between the tongue body and root of the 
chicken is in accordance with this study in peregrine falcon. 
Also, in long-legged buzzard (Erdoǧan et al., 2012a). Lingual 
glands are differing in birds. They well developed in birds 
that consumed dry food like seeds and less developed in 
birds that feeds on moist food (Whittow, 2000). Tongue 
birds may contain lingual glands in different regions such 
as in chukar partridge (Erdoǧan et al., 2012b). Lingual 
glands secrete mucous, which helps in moistening the 
food. The present work demonstrated that these glands 
are poor developed and present in certain areas on the 
tongue surface with many openings. Poorly developed 
lingual glands may be due to moist food of peregrine falcon.

In conclusion, this study showed that structures of the 
falcon tongue, epithelium, papillae and lingual glands are 
adapt to feeding habits.
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