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Abstract 
Avian tongue is quite fit with the oral cavity and possesses a characteristic beak-like 
structure adapted for feeding habits. Tongue and beak structure of Egretta ibis and 
Gallus gallus domesticus were studied. Morphological studies revealed a correlation 
between lingual structure and the type of food intake. Macroscopically, Gallus species 
possessed triangular shaped tongue with distal transverse conical papillae comparing 
with elongated slender-shaped structure of Egretta ibis.  The tongue structure reflected 
the shape of beak region being slender, elongated with pointed end in Egretta ibis 
compared with apparent short beak and conical pointed bills in Gallus species. Lingual 
keratinization and presence of taste buds are detected in Gallus gallus domesticus in 
comparison with the Egretta ibis. Lingual glands are characteristic of both species but 
more abundant in Gallus gallus domesticus. Isoenzyme electrophoresis was done for 
Lactic Dehydrogenase (LDH), Glucose 6-phosphate dehydrogenase (G6PDH), 
Amylase and Carbonic Anhydrase (CAH). LDH, CAH and G6PDH isoenzymes are 
denser in tongue of Egretta ibis reflecting more active role in capturing food materials 
while amylase is denser in Gallus gallus domesticus manifesting carbohydrate feeding 
habits. Finally the author concluded that the studied avian species possessed varying 
morphological, histological and assayed isoenzymes characteristic to their feeding 
habits. 
Keywords: Egretta; Gallus; tongue; lingual glands; Alcian-PAS; silver methenamine 
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Introduction 

 
Aves are characteristic class in the animal kingdom 

with marked diversity of tongue and beak structure for 
feeding habits. The size, shape, and structure of the 
beak are important in relation with tongue which 
facilitate catch/collect, manipulate and swallow food. 
Avian  tongue exhibits marked variations in its shape 
and histological structures in relation with its feeding 
habits such as domestic chickens (Homberger and 
Meyers, 1989), cormorant (Jackowiak et al., 2006), 
common quail (Parchami et al., 2010), rainbow lorikeet 

(Emura et al., 2011), common Myna (Acridotheres 
tristis) (Kadhim et al., 2013). Keratinization of dorsum 
tongue surfaces varies markedly between species 
depending on type of feeding (Jackowiak and Ludwing, 
2008; Emura and Chen, 2008).  

The cattle egret becomes widespread in the world 
during the 20th century (del Hoyo et al., 1992) and 
especially in Egypt. Food items varies annually as well 
as with its habitat (Cramp & Simmons, 1977) and being 
on insects in E. ibis and fish in E. garzetta. Salazar et 
al. (2005) mentioned that E. ibis feeds on Diptera, 
Orthoptera, Coleoptera, Hemiptera and Crayfish in the
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north-east of Mallorca. Gallus gallus feed mainly on 
small seed and grains and its beak is characterized by 
complex arrangements of dermal papillae in the tip of 
the lower beak allowing the tongue for feeding (Gentle 
and Breward, 1986). 

Aves show discrepancies in tasting different kinds 
of food items such as sweet, salt, brine, bitter, lipids 
(fats) and sugar concentrations (Gill, 1994). Their 
tongue exhibits a small number of taste buds compared 
with huge numbers in mammals (Proctor and Lynch, 
1993). The present work aims to illustrate the 
comparative structure of tongue of two avian species 
with different modes of feeding habits by investigating 
the morphological and histological features. 
 
Materials and Methods 
 
The selected species Egretta ibis and Gallus gallus are 
widespread in the Nile-Delta of Egypt. The taxonomy 
is: 1. Egretta ibis (cattle egret), Synonym of Bubulcus 
ibis (Linnaeus, 1758): Order: Pelecaniformes, family: 
Ardeidae. 2. Gallus gallus domesticus: Order: 
Galliforms, Family: Phasianidae, Subfamily: 
Phasianinae 
 
Investigated parameters 

The head from five Gallus gallus domesticus were 
collected freshly sacrificed. Five Egretta ibis species 
were captured from cultivated area of Delta region, 
Egypt and euthanized by overdose ether and sacrificed 
by decapitation. The beak of both species were 
examined, photographed and dissected and their 
tongues were removed and processed for the following 
investigations. 
 
Gross morphology of the tongue and beak 

The beak of both species was examined in relation 
with their tongues. After dissection and separations of 
tongues, they were photographed from their dorsal side 
and immediately fixed in 10% phosphate buffered 
formalin (pH 7.4). The gross morphological structure of 
the lingual mucosa was investigated and described.   
 
Histological techniques 

Tongues of both species were washed in phosphate 
buffered solution followed by dehydrating in ascending 
grades of ethyl alcohol, cleared in xylene and mounted 
in molten paraplast (58-62⁰C). Longitudinal and cross 
sections (5 µm) were cut from tongues for histological 
and histochemical examinations. For histological 
examination, Harris haematoxylin-eosin was used. 
Histochemical staining of glycogen and mucin was 
carried out by combined alcian blue PAS technique and 
reticulin connective tissue by methenamine silver 
nitrate stain (Drury and wallington, 1967) and 
examined under bright field microscope. 

Isoenzyme electrophoresis 
The lingual samples were collected, cleaned and 

homogenized using 0.1 M Tris-HCl (pH 7.5) containing 
20% sucrose and their protein content were determined 
according to Lowry et al. (1951) and electrophoresis 
was carried out according to Laemmli (1970). The 
protein bands were stained with Coomassie blue R-250 
(60 mg/l) in an acidic medium (Andrews, 1986). For 
visualization of the tested enzymes, electrophoresis of 
lens tissues were carried out in the selected incubated 
medium for each kind of the enzyme. 

Lactic dehydrogenase: LDH isoenzyme was 
determined according to Sarkar et al. (1978). After 
electrophoresis, the gel was incubated with H2O 18.4 
ml, Tris 1 M, tetrazolium-blue 1 mg/ml, phenazine 
methosulphate 1.6 mg/ml, Na-lactate 10 mM and NAD 
10 mM to develop colour reaction for 20 min. In the 
colour reaction, NAD and lactate serve as substrates, 
phenazine-methosulphate is the primary electron 
acceptor and tetrazolium-blue is the final electron 
acceptor.  

Glucose 6 phosphate dehydrogenase: It was 
determined with gel electrophoresis at 4°C in 
polyacrylamide slabs using a method based on Gaal et 
al. (1980). The stacking gel (2.8% acrylamide) was 
prepared in 50 mm Tris-Pi (pH 6.3) and 20% sucrose 
and the separating gel (5% acrylamide) in 0.75 M Tris-
Pi (pH 8). The electrophoretic buffer contained 5 mM 
Tris, 80 mm aspartate, and 20 µM NADP+ at pH 7.4. 
Gels were stained for G6PD activity at 30°C in a 
solution in a volume of 20 ml containing 1.2 mmol 
Tris-Pi (pH 8.5), 25% (v/v) glycerol, 30 µmol glucose-
6-P, 4 gmol NADP+, 6 mg p-nitroblue tetrazolium, and 
0.5 mg phenazine methosulfate.   

Amylase: The amylase was determined according 
to the method described by Glllard (1979). Stock 
solution was composed of 50 mmol/l tris 
(hydroxymethyl) methylamine adjusted to pH 6.7 with 
HC1. Brompophenol blue was prepared at 0.75 mmol/l 
in buffer solution. The starch solution was prepared by 
adding soluble starch to 34 mmol/l NaCl and 100 
mmol/l phosphate buffer, pH 7.0 to make a 10 g/l 
suspension.  
 
Carbonic anhydrase isoenzyme 

It was carried out according to Topal and Gulcin 
(2014). Carbonic anhydrase (CA) catalyzes the 
reversible hydration and dehydration reactions of 
CO2/H2CO3. Staining was carried out by mixing Tris-
HCl (0.65 ml, 1 M, pH 6.8), SDS (3 ml, w/v: 10%), 
neat glycerol (1 ml), bromphenol blue (1 ml, w/v: 
0.1%), B-mercaptoethanol (0.5 ml), and water (3.85 ml) 
and buffer solution (50 µl) and adjusting the pH to 7.0. 
Reaction was initiated by the addition of carbon dioxide 
as an aqueous solution. 
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Results  
 
Macroscopic observations 

In Gallus gallus domesticus, the beak is shorter and 
thicker with conical pointed bills for cracking seed. It is 
divided into the apex, body and root. The free part has a 
wide dorsal and ventro-lateral surface. The rostral part 
of the dorsal surface has a median groove. The tongues 
width varies toward the root forming a broad base 
depression by crescent-shape structure bearing 
regularly arranged transverse row of conical papillae 
semi-like barb structures which facilitates moving of 
food particles towards the oesophagus. The tongue’s 
apex is hard and forms the so-called lingual nail for 
catch grains. Median sulcus is also distinguished and 
separates the tongue into two equal parts (Fig.1, A 
&A1).   

Egretta ibis possesses quite fitted tongue with its 
beak. The beak appeared long slender with pointed end 
enabling it to pierce into the mud or shallow water to 
catch small fish, insects, worms and tadpole larva. The 
tongue appeared elongated with a pointed-apex, 
widened slightly towards the base of the bill. The tip of 
the tongue becomes sharp and the tongue-shape takes 
the form of spear-like structure. Three parts are 
distinguished in the dorsal surface of the tongue: the 
apex, the body and the root of the tongue. A median 
groove was detected on the dorsal side and expanded 
towards the back of the lingual body with a 
characteristic folded convex surface (Fig.1, B&B1).  
 
Histological observation 

In Gallus sp., the anterior part of the tongue is 
heavily keratinized and lacked glandular structural 
elements. There was considerable variations of both 
thickening and keratinization of the dorsal lingual 
mucosa comparing with the ventral one. The mucosa of 
the dorsal lingual apex, body and root is covered with 
heavily keratinized stratified squamous epithelium and 
their stratum basal showed less curvature with the 
underlying connective tissue. However, there is a 
marked alteration in the thickness of ventral lingual 
mucosa thickness with apparent interdigitation with the 
underlying connective tissue. Few numbers of gustatory 
papillae were observed. Each papilla showed numerous 
dorso-lateral distributions of oval shaped taste buds. 
The conical papillae with their pointed edge are 
directed caudally. The connective tissue core of the 
lingual papillae showed abundant vasculature (Fig. 2 A-
I). 

The body and tail of tongue is enclosed by 
numerous simple and compound lingual glands of 
varying sizes. Each gland is surrounded by a condensed 
layer of connective tissue sheath resulting in the 
formation of distinct glandular units. The glandular 
septea  are  rich  in  blood  capillaries. Its secretary acini  

 
 
Fig. 1: Photomacrographs of lateral view of the beak 

region and dorsal view of tongue of the avian 
species, Gallus gallus domesticus (A&A1)  and 
Egretta ibis (B &B1). A, anterior tongue; B, body; 
T, tail; CP, conical papilla 

 
empty into a large central lumen and their outer lining 
layer seemed to be a pseudostratified ciliated columnar. 
The glandular acini display varying degrees of secretary 
activity. Active acini are lined by typical mucus-
secreting cells with basally-positioned round vesicular, 
or dark, flattened nuclei. The glandular lumina 
appeared conjugated with each other forming large 
duct. Two kinds of tubulo-alveolar glands are 
distinguished, dorsal and ventral ones. The ventral 
lingual glands are more abundant and extremely of 
large size. Its glandular duct seemed to be opened in the 
ventral side (Fig. 2 A-I). 

Following Alcian PAS staining, both types 
exhibited dense red magenta staining reflecting the 
glycoprotein secretion.  Silver methamine nitrate 
staining exhibited the presence of dark-brown thick 
connective tissue core underlying the lingual mucosa as 
well as thin sheath infiltrated in between the glands 
(Fig. 3, A-F).  

The tongue of Egretta ibis possessed characteristic 
feature in the form of the presence of a pair of thin 
cartilage surrounded by striated muscle in the lingual 
body. Few numbers of large conical filiform papillae 
were detected and directed caudally. The lingual 
mucosa is composed of heavily keratinized stratified 
squamous epithelium. Different pattern of simple and 
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Fig. 2: Photomacrographs of horizontal section in tongue of Gallus gallus domesticus. A-I. H&E. staining 
Proximal region showing cornified and thickened dorsal lingual mucosa and less thickened ventral ones. B. Showing cornified 
dorsal lingual mucosa with underlying connective tissue and dorsal glands. C. Showing heavily keratinized anterior tongue tip. D. 
Showing suspected vallate papillae with taste buds. E. Showing dorsal lingual mucosa with discrete suspected taste buds. F. 
Showing dorsal lingual mucosa with underlying connective tissues. G. Showing dorsal lingual mucosa with underlying 
differentiated dorsal tubulo-alveolar glands. H. Showing ventral lingual mucosa with underlying more differentiated ventral 
gland. I. Showing ventral lingual mucosa with underlying ventral gland with prominent glandular opening 
Abbreviations: DG, dorsal gland; VG, ventral gland; TB, taste bud; DLM, dorsal lingual mucosa; VLM, ventral lingual mucosa; 
CP, conical papilla, CTT, cornified tongue tip; CT, connective tissue; GO, glandular opening 
 

 
 
Fig. 3: Photomacrographs of horizontal section in tongue of Gallus gallus domesticus. A-C. Alcian-PAS staining. A. 
Showing ventral glands exhibiting intese glycogen secreting cells. B. Showing dorsal glnds with less dense glycogen secreting 
cells. C. Showing ventral lingual mucosa with intense PAS staining of cornified cells and basal lamina. D-F. Silver staining. D. 
Showing ventral gland separated by dark reticular connective tissue. E. Showing ventral lingual mucosa with underlying dark 
reticular connective tissue. F. Showing lingual muscle infiltrated by thin dark reticular connective tissue. 
Abbreviations: VGSC, ventral gland secreting cells; DGSC, dorsal gland secreting cells; VLM, ventral lingual mucosa; DLM, 
dorsal lingual mucosa; VG, ventral glands; CT, connective tissue; R, reticular connective tissue 
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Fig. 4: Photomicrograph of horizontal section of tongue of 
Egretta ibis. A-E. H&E staining  

A. Showing dorsal lingual mucosa with heavily keratinized 
surface. B. Showing skeletal cartilagenious element in 
between the dorsal and ventral lingual mucosa. C. Showing 
tubulo-alveolar gland widespread in dorsal lingual surface.D. 
Showing branched tubulo-alveolar glands. E. Showing 
tubular-alveolar gland with glandular opening in the dorsal 
surface. F-G. Showing Alcian-PAS staining. The cornified 
lingual mucosa possesses flight glycogen deposition and the 
gland vesicle appears formed of glycogen secreting cells 
meanwhile duct containing acid mucopolysaccharide 
secreting cells. H-I. silver staining. H. Showing glands and 
lingual cartilage element ensheathed by reticular connective 
tissue. I. Showing tubular glands.  
Abbreviations: DLM, dorsal lingual mucosa; CT, connective 
tissue; CP conical papillae; G, glands; VLM, ventral lingual 
mucosa; C, cartilage; BTG, branched tubulo-alveolar gland; 
GO, gland opening;  GSC, glycogen secreting cells; ASC, 
acid mucopolysaccharide secreting cell; R, reticular connective 
tissue. 
 
branched alveolar lingual glands are detected 
throughout the body and tail of the tongue. Their 
glandular structure showed dense magneta colour with 
Alcian-PAS staining infiltrated by fine blue spots of 
Alciophilic affinity in the duct region. Few numbers of 
tubular glands were detected. The lingual mucosa 
showed flight dense PAS positive cytoplasmic 
inclusions of glycogen. Silver methamine nitrate 
staining exhibited dark-brown reticulum connective 
tissue underneath the lingual mucosa and in between 
the lingual muscles as well as around the lingual 
cartilage element (Fig. 4, A-I). 

 
 
Fig. 5: Lactic dehydrogenase (LDH), glucose 6-phosphate 

dehydrogenase (G6PDH), amylase and carbonic 
anhydrase isoenzyme electrophoresis of Gallus 
gallus domesticus and E. gretta ibis 

 
Electrophoresis of lingual isoenzymes  

Lactic dehydrogenase isoenzyme expressed 3 
isoenzyme fractions which are almost similar in both 
species, except isoenzyme fraction III which appeared 
denser in tongue of Egretta ibis (Fig. 5).  Glucose-6-
phosphate dehydrogenase expressed three isoenzyme 
fractions with increased diffusion rate in tongue of 
Gallus gallus domesticus in comparison with that of 
Egretta ibis (Fig. 5). LDH and G6PDH isoenzymes 
seemed to be more characteristic of Egretta ibis. Both 
tongues expressed three isoenzyme fractions but of 
varying rate of diffusion and intensity in Egretta ibis. 
Amylase expressed two isoenzyme fractions denser in 
tongue of Gallus gallus domesticus compared with faint 
expression in Egretta ibis (Fig. 5). Carbonic anhydrase 
expressed three isoenzyme fractions in both species, 
however, fraction III is more dense in Egretta ibis (Fig. 
5). 
 
Discussion 
 

According to Vollmerhaus and Sinowatz (1992) 
the shape of bird tongue is a species-specific trait and 
closely fits the shape of the lower part of the bill. Both 
bill and tongue pattern structures showed numerous 
variability which may be related to feeding habit. 

In the present work, the tongue shape appeared to 
be varied markedly between the studied species being 
elongated with a sharp ended apex in Egretta ibis 
reflecting the mode of feeding which depend mainly on 
insects and worms, however, Gallus gallus possessed 
short triangular tongue with flattened base and free 
edge which facilitates picking of grains. The dorsal 
lingual body possessed marked differentiation of 
median sulcus groove in Gallus gallus and Egretta ibis. 
Similar dorsal lingual structures were reported by 
Jackowiak and Ludwing (2008). The mentioned authors 
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reported a distinct median groove in white tailed eagle, 
ducks and geese which was missing in pheasants and 
penguins. Unlike the Gallus gallus domesticus, the 
Egretta ibis tongue showed implanted two 
cartilaginous-bony structures with characteristic CT 
periosteum. This ordinary structure aids the Egretta ibis 
tongue for digging cultivated land searching for worms. 
Erdoğan et al. (2012) observed conical filiform papillae 
with pointed end in lingual body of Chukar partridge. 
Histological observations revealed stratification of the 
lingual mucosa attained considerably thickening in 
Gallus gallus more than Egretta ibis associated with 
increased keratinization. Conical filiform papillae are 
detected being markedly larger in Gallus domesticus. 
Similar Keratinization of lingual mucosa was reported 
in the dorsal epithelium of the tongue of Middendorff´s 
bean goose (Iwasaki et al., 1997). Presence of 
transverse row of large conical papillae between the 
anterior and posterior part of the tongue was detected in 
the chicken (Iwasaki, 1992) and in common kestrel 
(Emura et al., 2008). Also, gustatory papillae were 
more distinct in Gallus gallus tongue. Each one 
possessed one or two apical taste buds. The connective 
tissue core filled almost the entire cavity of the lingual 
papillae. Stornelli et al. (2000) observed taste buds in 
epithelium of the palate (70%), the floor of the oral 
cavity (28%) and the tongue (2%) in domestic duck. 
Kudo et al. (2010) reported that the bitter taste 
sensitivity was correlated with the number of taste 
buds. Erdoğan et al. (2012) detected taste buds in the 
epithelium of the lingual body and root of tongue and 
lingual salivary glands in the Chukar partridge. Similar 
findings of lingual glands were detected in ostrich's 
tongue (Jackowiak and Ludwig, 2008; Guimarães et al., 
2009), emu (Crole and Soley, 2009) and white tailed 
eagle ( Jackowiak and Godynicki, 2005). 

In the present findings, two kinds of alveolo-
tubular glands were detected in Gallus gallus 
domesticus and their duct opening across the ventral 
lingual mucosa compared with simple and branched 
tubulo-alveolar of Egretta ibis which opens in the 
dorsal lingual mucosa surface. Following Alcian PAS 
staining, the majority of secretion is glycoprotein in 
Gallus species compared with combined mucin and 
glycoprotein in Egretta ibis. The present finding agreed 
with the work of Jackowiak and Godynicki (2005) who 
reported that the tongue of white tailed eagle possessed 
several alveolar-tubular secretary units having lumen 
collecting the mucous secretion. The feeding intake of 
Egretta ibis depend mainly on carnivorous feeding 
which required more energy for tongue locomotion. 
The assayed isoenzymes reflect the feeding pattern of 
both kinds of birds. LDH and G6PDH isoenzymes 
seemed to be more characteristic of Egretta ibis. Both 
tongues expressed three isoenzyme fractions of varying 
rate of diffusion and more intense in Egretta ibis. LDH 

catalyzes the interconversion of pyruvate and lactate 
with concomitant interconversion of NADH and NAD+. 
LDH prevents muscular weakness by either generating 
cytosolic NAD+ required for glycolysis to promote 
ATP generation which provides more energy for 
muscle contraction (Juel et al., 2004). Also G6PD 
catalyses the reaction of the pentose phosphate pathway 
for the synthesis of NADPH needed for reductive 
biosynthesis reactions and supplies energy to cells. 
Similar G6PD activity was observed in rat and rabbit 
tongue epithelium (Biagiotti et al., 2000). On the other 
hand, there was a characteristic intense two isoenzyme 
fractions of amylase expressed in Gallus gallus 
domesticus compared with faint expression in Egretta 
ibis. According to Field and Hand (1987) and Field et 
al. (1989) the lingual amylase is secreted from the rat 
lingual serous glands (von Ebner's).   

The mode of feeding of two birds varies being 
grains composed mainly of carbohydrates in Gallus 
gallus domesticus compared with carnivorous feeding 
in Egretta ibis which reflect over expression of amylase 
in the gallus species. Also the amylase enzyme was 
directly related to the gustatory papillae which give the 
developing sweet taste (Voigt et al., 2014). Gustatory 
papillae are detected in the Gallus gallus domestica and 
missing in Egretta ibis. Amylase enzyme was also 
reported in rodent taste receptor cells (Merigo et al., 2009). 

From the present findings, tongues of both species 
express three isoenzyme fractions. It is known that 
carbonic anhydrase is a cytoplasmic enzyme presents in 
many mammalian tongues associated with lingual 
glands and taste buds (Brown et al., 1984). It catalyses 
the hydration of metabolic CO2 and subsequent 
production of carbonates, enhances the loss of CO2 
from the cells by ‘‘facilitated’’ diffusion (Wistrand & 
Knuuttila, 1989). Salivary carbonic anhydrase VI (CA 
VI) was found to contribute to taste function. The 
serous von Ebner's glands located in the posterior 
tongue and secrete their saliva into the surrounding 
gustatory papillae (Leinonen et al., 2001). The abundant 
of carbonic anhydrase isoenzyme facilitates feeding and 
lingual function. The author concluded that Gallus 
gallus domesticus and Egretta ibis possessed peculiar 
histo-anatomical structures and expression of the 
assayed isoenzyme fractions which reflects varying 
structures and function. 
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