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Simple Summary: Animals' unique ways of living are reflected in the tongues' distinctive physical
features. Mammals' tongues vary greatly in shape and structure. There are species-specific differ-
ences in the morphological feature of the tongue and the distribution of their lingual papillae, as
evidenced by the literatures. Sheep and goats are characterized as intermediate feeders, between
grass eaters and roughage eaters, because they graze on herbs and shrubs utilizing their upper and
bottom lips and tongues to pluck the leaves of the grass. The current work focused on the gross
characteristic, morphometrical analysis of the tongue, and some traits like shape, number, and size
of the lingual papillae using a scanning electron microscope to provide detailed characteristic fea-
tures of the tongue of Rahmani sheep.

Abstract: The morphological characteristics of the tongue of the Rahmani sheep (Ovis aries) were
described using gross inspection, morphometry analysis, and scanning electron microscopy. Nine
mature male sheep heads were slaughtered, and samples were taken right away. The tongue was
dissected, and various samples were obtained for SEM. The tongue had two different types of
lingual papillae: mechanical (filiform, conical, and lenticular papillae) and gustatory (fungiform
and vallate papillae). The main papillae and several secondary and tertiary papillae combine to
produce each filiform papilla. On the dorsal surface of the tongue, there were five different types of
conical papillae dispersed throughout, as well as three huge conical papillae and various-sized
flattening papillae in front of the frenulum linguae. Furthermore, on the torus linguae, two differ-
ent types of lenticular papillae were found. The majority of fungiform papillae possessed promi-
nent taste buds' pores and were button-shaped with a central depression region, particularly in the
rostral section of the tongue. On either side of the torus linguae, there are two rows of round, el-
liptical, pyramidal, and oval circumvallate papillae. Each papilla is surrounded by flat, broad,
undulating annular rods and papillary grooves. The lingual surface also included numerous lin-
gual gland openings in a variety of forms, which increased in number at the root. Finally, variations
in the form, size, and number of lingual papillae, as well as the distribution of lingual gland
openings along the lingual surface, may provide efficiency to the Rahmani sheep's tongue when
feeding hard forages and high fiber foods.
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1. Introduction

Animals' unique ways of living are reflected in the tongues' distinctive physical
features. Mammals' tongues vary greatly in shape and structure[1-3]. These tongue traits
differ from species to species based on how they handle and capture their food, as shown
by studies [1, 4] There are species-specific differences in the morphological feature of the
tongue and the distribution of their lingual papillae, as evidenced by the literature on
such animals as dogs and foxes. [5], small ruminants: goat [3, 6, 7], and sheep [8-10], re-
garding large ruminants: buffalo [11], and cattle [12, 13], while camel [14], equines: don-
key [15], and horse [16], pig [17], rodents [1, 18].

Sheep and goats are characterized as intermediate feeders, between grass eaters and
roughage eaters [19], because they graze on herbs and shrubs utilizing their upper and
bottom lips and tongues to pluck the leaves of the grass[20].

The tongue's musculature allows it to play a variety of roles, including food pre-
hension, mastication, lapping, drinking, and grooming [21], this role is performed by
pressing the tongue to the food against the hard palate [22]. Additionally, the tongue's
receptors are responsible for determining flavor[23], , allowing it to pick and identify
foods based on their deliciousness. [24]. The tongue of ruminants possesses a unique
structure called the torus linguae, which is located in the caudal region of the lingual
body. The torus linguae is a thickening of the lingual muscle that extends from the pre-
molar teeth to the caudal region of the oral cavity. [25]. This structure is crucial for
bringing food up to the mouth and esophagus, and it also aids in the ruminating process
by bringing food back up from the rumen through regurgitation.Lip, hard palate, and
tongue anatomy, in addition to diet, influenced how animals consumed their food. [26].
This study was previously discussed by Madkour and Mohammed [27] on the lip and
Madkour, Mohammed [28] on the hard palate of Rahmani sheep. Thus, the structure of
the tongue of Rahmani sheep has been interested to complete this study. Additionally,
the most decisive factor influencing the productive achievement of the mammals is its
feeding behavior and the ingestive mechanisms [29]. The current work focused on the
gross characteristic, morphometrical analysis of the tongue, and some traits like shape,
number, and size of the lingual papillae using a scanning electron microscope to provide
detailed characteristic features of the tongue of Rahmani sheep.

2. Materials and Methods
2.1. Sampling

Adult male Rahmani sheep were slaughtered, and their severed heads (n=9) were
brought from the butcher. Institutional Ethical Committee of Faculty of Veterinary Med-
icine, SVU, Qena, Egypt (Approval number:82/10.10.2022) approved the procedures for
animal killing and sample handling.

2.2. Gross anatomy and morphometric analysis

Following the separation of the upper and lower jaws, wash the tongues with distal
water and saline and fix them with 10% formalin. The tongues' anatomical descriptions
were examined and photographed with an (iPhone 6S) camera. The parts of the fixed
tongues were measured separately by using a digital caliper in millimeters. The mean
value + standard deviation (SD) was used by Microsoft Excel V.2016.

2.3. Scanning electron microscopy examination

SEM analysis was performed on many pieces of tongue tissue. (Fig. 1). Briefly, after
dehydration and fixation in 4% glutaraldehyde and 2% buffered osmium tetroxide, gold
palladium was applied to the specimens, as described by Madkour and Mohammed [27] .
A JEOL SEM (JSM 5,500 LV) operating at 10 kV was used to examine and take pictures of
the samples.
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Figure 1. Tongue of Rahmani Sheep (a) Dorsum of the lingual apex and body, (b) Dorsum of the
caudal part of the torus linguae and lingual root, (c) Ventral surface of the lingual apex. Showing
different parts that were used for SEM: Tip (1, 1¥) and lateral aspects (2, 2¥) of the apex, dorsum (3)
and lateral aspects (4) of the anterior part of the lingual body, with the transverse fossa (5), lateral
aspects of the rostral part of the torus linguae (6, 7), different lingual papillae on the torus linguae.

2.4. Coloring of scanning electron microscopic images

To add color to the photos, we utilized the Photo Filter 7.2.1 software. Multiple au-
thors described and implemented the coloring technique. [30-34].

3. Results
3.1. Gross anatomy and morphometric analysis of the tongue

Rahmani sheep have lengthy tongues (147.66 + 2.14 mm long), which cover the en-
tire bottom of the mouth. The tongue can be further subdivided into its apex (23.82%), its
body (57.57%), and its root (14.60%) (Fig. 2). Tongue widths varied from20.85 + 1.25 at the
lingual tip to, 32.13 + 0.61 in the transverse groove (fossa linguae), and 31.7 + 4.31 mm at
lingual root.

The tip of the tongue was shaped like a wedge, but it was flattened dorsoventrally,
and it thickened dramatically from there to the frenulum linguae. There was a shallow
median longitudinal groove (34 + 2.52 mm in length) on the dorsum of the apex.The body
was divided into a small flat anterior part and a large raised posterior part by a trans-
verse groove opposite the 3rd premolar teeth called the fossa linguae, which was about
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20.33 £ 1.78 mm long. The former part was 69.95 + 4 mm away from the tip of the tongue,
representing an elliptical muscular elevation known as torus linguae. It made up 37.05%
of the total length of the tongue and 64.35% of the length of the lingual body, respectively
(Fig. 2). The morphometrical data of the tongue of Rahmani sheep were summarized in
Table 1.The entire tongue's dorsal and lateral sides were covered in lingual papillae. The
largest papillae, both filiform and fungiform, were found on the lingual body's apex and
the anterior flat region. Fungiform papillae, which were evenly dispersed longitudinally
on the apex and the lateral aspect of the body and grew larger toward the cadual part,
were present. Dominant filiform papillae now cover the whole lingual apex's dorsal
surface. Before the transverse fossa, these papillae enlarge, become more prominent, and
cluster together. In addition, filiform papillae added a velvety feel to the tongue's surface.
(Fig. 2). There was a V-shaped strip of fungiform and filiform papillae on the ventral
surface of the lingual apex, whereas the rest of the surface was smooth but for a few
conical papillae in front of the frenulum linguae. (Fig. 3a).There were lenticular, conical,
fungiform, and vallate papillae on the big raised posterior part of the body (torus lin-
guae), as well as a few filiform papillae on either side of the torus linguae. (Fig. 2). In the
middle of its dorsal surface, the animal displayed a dense concentration of lenticular and
conical papillae. Only the dorsolateral aspect of the first third of the torus linguae dis-
played fungiform papillae. The palatoglossal fold is sandwiched between two rows of
valleculate papillae, one on each side of the torus linguae. The papillae in the medial row
were larger than those in the lateral row, numbering 7 to 9, respectively. Several
V-shaped rows of fungiform papillae were seen in the caudal region of the torus linguae.
There were no papillae or rough spots on the lingual root, either. (Fig. 3b).

Table 1. morphometrical data of the tongue of Rahmani sheep.

Dimensions Mean SE
Total length of the tongue 147.66 2.14
Apex: -
Length 41.09 1.89
Thickness at tip 5.675 0.50
Thickness at frenulum linguae 21.015 2.24
Width at tip 20.85 1.25
Width in front frenulum linguae 26.56 3.22
Body: -
Length 85.01 0.08
Width of body: -
At transverse groove 32.13 0.61
In front glossopalatine arch 36.5 1.62
Thickness of body: -
At level of torus Linguae 34.865 6.03
At highest point of torus Linguae 48.55 10.53
At palatoglossal fold 26.9 3.62
Torus linguae: -
Length 54.71 9.32
Width 34.55 3.56
Distance bet torus linguae & tip of tongue 69.95 4
Length of transverse groove 20.33 1.78
Length of dorsal longitudinal groove 34 2.52
Root: -
Length 21.56 0.10

width 31.7 4.31
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Figure 2. Photograph of the tongue within the oral floor of Rahmani sheep. Lingual apex (A), body
(B), and root (R) showing scattering of fungiform (Fup), filiform (Fp) papillae on the dorsal and
lateral aspects of the tongue, dorsal median longitudinal groove (arrow). There are filiform papillae
clusters in front of the transverse fossa (arrowhead), and the fungiform papillae become more dis-
tinct caudolaterally.Along with torus linguae (TL), there are conical (Cp), lenticular (Lp), two rows
of vallate papillae (Vp) on each side, and buccal papillae (Bp).
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Figure 3. Photographs of the tongue of Rahmani sheep. (a) The lingual apex's ventral surface (VS)
shows a V-shaped strip of fungiform (Fup) and filiform papillae (Fp) at the apical part of the lin-
gual apex, as well as conical papillae (arrowheads) in front of the frenulum linguae (FL).(b) Dorsal
view of the torus linguae (TL) and lingual root (R) showing a few fungiform papillae (Fup) and
glossopalatine folds (arrows).

3.2. Scanning electron microscopy of the tongue and their lingual papillae
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Mechanical papillae (filiform, lenticular, and conical) and gustatory papillae (fun-
giform, and circumvallate) on the tongues of Rahmani sheep come in a wide range of
shapes, sizes, numbers, and distributions that reflect the animals’ varied diets.

3.3. Lingual apex

Filiform papillae surrounded fungiform papillae at the lingual apex, both dorsally
and ventrally. (Fig. 4a-e). Each filiform papilla consisted of a big central papilla with a
conical shape surrounded by 3-6 secondary papillae of varying sizes and heights. Sec-
ondary papillae did not reach the same height as the primary papillae. The main and
secondary filiform papillae were encircled by a shallow groove (Fig. 4c, d). On the lateral
side of the lingual tip, however, the main filiform papillae were sharper at the tip,
densely packed with smaller secondary papillae, and surrounded by a deep groove. (Fig.
4f, g). Fungiform papillae were larger and button-shaped with central deep depression
on the dorsal aspect of the lingual apex (Fig. 4a, b), but smaller and shallower on the
ventral and lateral sides. (Fig. 4e, f). The taste bud pores were located in these indenta-
tions. A few fungiform papillae, with a convex appearance, were displayed on the dorsal
surface. (Fig. 4e). Three large conical papillae, one with a pointed apex and the other with
blunt ends directed medially, were also located on the ventral part of the lingual apex in
front of the frenulum papillae. (Fig. 5a). In addition to the three large conical papillae,
there were numerous smaller flattened papillae surrounding them, as well as longitudi-
nal and transverse mucosal folds (Fig. 5a, b). This structure is known as the frenulum
linguae. (Fig. 5¢, d).

Numerous filiform and fungiform papillae filled the dorsal median longitudinal
groove. (Fig. 6a). The primary filiform papillae were segmented into two, three, or five
processes at their apex. (Fig. 6b, c). Additionally, several anterior lingual gland orifices
were seen on both sides of the longitudinal groove. (Fig. 6c, d). Some of these openings
were guarded by spiral mucosal fold (Fig, 6d).

Figure 4. Micrographs (a-d) of the dorsal, (e) of the ventral, and (£, g) of the lateral aspects of the
lingual apex of Rahmani sheep show: (a-d) Button-shaped with a central deep depression fungi-
form papillae (Fup) surrounded by a deep circular groove (barbed arrow) scattered within filiform
papillae (Fp), the basal parts of the former papillae surrounded by a shallow groove (arrowhead),
and the main filiform papillae (mFp) surrounded by various sizes of secondary papillae (sFp). (e-f)
Button-shaped with shallow depression fungiform papillae (Fup), convex appearance fungiform
papillae (*Fup), and filiform papillae (Fp), each main one (mFp) closely packed by small secondary
papillae (sFp) and surrounded by a deep groove (arrowhead).
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Figure 5. Micrographs of the ventral surface of the lingual apex (a, b) and the frenulum linguae (c,
d) of the tongue of Rahmani sheep demonstrating:(a,b) Three large conical papillae (Cp) in addition
to small flattened papillae of various sizes (asterisks) are surrounded by longitudinal and trans-
verse mucosal folds (arrowheads). (c, d) Nearly symmetrical transverse folds (TF) are separated by
deep grooves (twisted arrows) covered by secretory granules (Sg).
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Figure 6. Micrographs of the lingual apex showing: Median longitudinal groove (arrow) occupied
by fungiform (Fup) and filiform (Fp) papillae, main filiform papillae with double process (mFp2),
with three processes (mFp3), with five processes (mFp5), keratin (K), openings of the anterior lin-
gual glands (arrowheads) guarded by spiral mucosal fold (short arrow), secretory granules (Sg).

3.4. Lingual body and torus linguae

There were numerous filiform papillae of comparable size and a few fungiform pa-
pillae on either side occupying the dorsum of the anterior half of the lingual body. The
fungiform papillae's dorsal surface featured 5-6 taste bud pores (Fig. 7a). At a high mi-
croscopic level, overlapping keratinized epithelial layers were seen protecting the taste
bud openings. (Fig. 7b, c). Secondary and tertiary papillae, shaped like paper girtas, were
nested within the larger, main filiform papilla. (Fig. 7d, e). The anterior lingual glands
have a rounded opening within overlapping keratinized layers at the base of the big fil-
iform papilla. (Fig. 7f, g).

Short, straight, conical papillae with rounded apices made up the first of three me-
chanical papillae different types that protected the transverse fossa. There was a concen-
tration of this variety right in front of the fossa. The second form of papillae were broad,
curved cones with sharp tips. An impression was found on the distal end of the shaft of
some of these papillae. These expanded caudally toward the torus linguae and filled the
transverse depression. Shallow grooves around the bases of the first and second types.
(Fig. 8a, b). The highly keratinized stratified squamous epithelium and connective tissue
core of the conical papilla were made clear in a cut-section view (Fig. 8c). As for the third
type, known as filiform papillae, its shared base was divided into several smaller sec-
ondary papillae of varying heights. (Fig. 8d). Under a microscope by higher magnifica-
tion, numerous keratinized rows lined the papilla. (Fig. 8e). Near the transverse fossa,
the anterior lingual glands' rounded orifices were dispersed. (Fig. 8f).

Larger fungiform papillae with distinct necks were seen dispersed among conical
papillae with a wide base and pointed apices on the lateral side of the torus linguae of
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Rahmani sheep's tongue. (Fig. 9a-c). However, the majority of lingual papillae types were
located on the dorsum of the torus linguae. Conical papillae of different sizes and fun-
giform papillae (large elongated papillae with rounded apices, and some small papillae
with pointed tips were raised from the base of the large conical papilla). Additional len-
ticular papillae included both rounded and tongue-shaped varieties. (Fig. 9d, e). There
were also various shaped papillae located throughout the circumvallate papillae; while
the majority of these papillae were oval with an elongated depressed area, some were el-
liptical, pyramidal, or round. A papillary groove and flat, broad, undulating, annular
rods with uneven surfaces encircled each circumvallate papilla. (Fig. 9-h). Each of the
two circumvallate papillae was separated from the other by a ridge of the mucosa. (Fig.
9f). These papillae and rods had secretory granules covering their stratified squamous
epithelium. (Fig. 9h). The microplicae on the surface of the circumvallate papillae were
both huge, short and stubby when viewed under a microscope by high magnification
view(Fig. 9i).

Figure 7. Micrographs of the anterior dorsum of the lingual body showing:(a) A fungiform papilla
with a distinct neck (Fup) was surrounded by filiform papillae (Fp) and had 5-6 taste buds' pores
(arrowhead).(b, ¢) High magnification view of taste buds’ pores (arrowhead) guarded by over-
lapped keratinized epithelial layers (short arrows) (d, e) Filiform papillae (Fp) were composed of a
main filiform papilla (mFp) enclosing secondary (sFp) and tertiary (tFp) papillae of varying sizes.(f,
g) Rounded-shaped anterior lingual gland opening (arrow) within overlapping keratinized layers
(asterisks) at the base of the filiform papillae.
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Figure 8. Micrographs of the transverse fossa area of the tongue of a Rahmani sheep, demon-
strating:(a, b) Transverse fossa (arrowhead) guarded by short straight conical papillae with
rounded apices rostrally (asterisks) and long curved conical papillae with slightly pointed apices
caudally (arrows), their bases encircled by a shallow groove (twisted arrow). (c) Cut-section of
conical papilla (arrow) showing keratinized stratified squamous epithelium (Ep), core of connec-
tive tissue (Co). (d, e) A filiform papilla with a common basal part bifurcated into small papillae
(barbed arrow) was highly keratinized by several rows of keratin (K). (f) Opening of lingual glands
(short arrow).
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Figure 9. Micrographs of the lateral aspect and (d, e) dorsum of the torus linguae of the tongue of
Rahmani sheep showing (a-c) Conical papillae with wide base and pointed apices (CP), and fun-
giform papilla (Fup) with distinct neck (arrow).(d, e) conical papillae (Cp*) of various sizes, nearly
rounded lenticular (rLP), and tongue-shaped lenticular papillae (LP). (f-h) Circumvallate papillae
(cv) of various shapes surrounded by papillary groove (g) and flat broad undulating annular rods
(asterisks), mucosal ridge (twisted arrow) between two bodies of vallate papillae, stratified squa-
mous epithelium covered by secretory granules (Sg), (i) high magnification view of the surface of
the circumvallate papillae. Take note of the large and small stubby microplicae (arrowheads).

3.5. Lingual root

Corrugated mucosal folds separated by grooves form the glossopalatine arch, which
served as the boundary between the lingual body and root. (Fig. 10a). On the glossopal-
atine arch, there were a few flattened conical papillae that resembled nodules, sur-
rounded by shallow grooves. (Fig.10b). A scan electron micrograph of the lingual root
reveals an arrangement of a few dome-shaped papillae and openings of the posterior
lingual glands. (Fig. 11a). Some of these openings were rounded-shaped and positioned
within rounded depressions, covered with abundant secretory granules (Fig. 11b, c),
while others were volcanic crater-shaped and surrounded by desquamated keratinized
cells. (Fig. 11d, e).
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Figure 10. Micrographs of the glossopalatine arch of the tongue of a Rahmani sheep, showing
corrugated mucosal folds (arrow) separated by a groove (arrowhead), and flattened conical papil-
lae surrounded by a shallow groove (CCp).
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Figure 11. Micrographs of the lingual root of a Rahmani sheep. (a) Several openings of the posterior
lingual glands (Lsg) and a flattened conical papilla surrounded by a shallow groove (CCp). (b, c) A
rounded-shaped opening of the posterior lingual glands (Lsg) within a rounded depression with
secretory granules (Sg). (d, e) Volcanic crater-shaped openings of the posterior lingual glands (Lsg)
with excessive secretory granules (Sg), desquamated keratinized cells around the openings of the
glands (arrowheads).

4. Discussion

The anatomy of the digestive tract of the mammals is affected by the style of food
intake, the way of its mastication in the buccal cavity, andthe method of its passage to
their parts. The tongue is one of the most important digestive organs that plays a role in
these factors. Thus, the morphological features of the tongue may be used as a sign of
ruminants' development with regard to their diet [35]. The current study showed that
Rahmani sheep’s tongue had three parts and a special structure (torus linguae) in line
with many published anatomical data in other ruminants such as sheep [8], goat [3], fal-
low deer [36], cattle [13, 37], and camel [14]. According to the findings of Mahdy, Abdalla
[3] in goat, the torus linguae accounts for 37% of the total length of the tongue, while it
accounts for 30% in deer [36]. In ruminants, it may compensate for incomplete dentition
[19].The torus linguae is found in animals that eat herbs and browse on the leaves of
trees, and it plays an important role in food mastication in the mouth.As a result, it has
not been observed in omnivores such as swine [17], canines such as fox and dog [5], cat
[38], or American mink [39].

Corresponding to previously published anatomical articles, a dorsal longitudinal
groove was observed at the dorsum of the studied tongue [2, 3, 8, 14, 36, 40-43]. On the
contrary, this groove is absent in different animal species , as mentioned by authors [13,
37, 44-47].

Distribution patterns, as well as the form, size, type, and quantity of lingual papillae,
vary from species to species[2, 48], and are influenced by the animals' diet and the foods
they eat [3, 49]. As seen in the ram[8], goat [3], fallow deer [36], buffalo [44], the investi-
gated tongue featured three mechanical and two gustatory papillae.. Similar to the Nile
fox, it has three gustatory papillae (fungiform, vallate, foliate) and two mechanical (fili-
form, conical) papillae [50]. Japanese badgers have four papillae: two mechanical (fili-
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form and conical) and two gustatory (fungiform and vallate) [51]. Like the European
hedgehog [52], and the rabbit [1], it has one mechanical (filiform) and three gustatory
(fungiform, vallate, and foliate) papillae.. Bats have a single type of gustatory papillae
(vallate) and two types of mechanical papillae (filiform and conical) [18].

In contrast to the V-shaped strip of fungiform and filiform papillae at the apical sec-
tion and the few conical papillae in front of the frenulum linguae, the dorsal aspect of the
lingual apex was smooth. The findings of Erdogan, Villar Arias [2] in Alpaca are com-
parable to some extent to these. In this regard, , Jackowiak, Skubis [36] observed a semi-
lunar strip of fungiform and filiform papillae on the ventral surface of the tip of the deer
tongue. When looking at the dorsal surface of the lingual apex of buffalo,. El-Bakary and
Abumandour [44], noticed a U-shaped line of fungiform papillae. According to SEM,
there are three conical papillae on the ventral surface in front of the frenulum linguae,
and they are flanked by smaller, flattened papillae of varying diameters. When sheep
graze for extended periods of time, this trait is crucial because of its role in manipulating
the sheep's diet According to SEM, there are three conical papillae on the ventral surface
in front of the frenulum linguae, and they are flanked by smaller, flattened papillae of
varying diameters, and surrounded by longitudinal and transverse mucosal folds. When
sheep graze for extended periods of time, this trait is crucial because of its role in ma-
nipulating the sheep's diet.During prehension of food, the dorsal surface of the tongue
makes touch with the ingested food and transmits taste sensations because of the larger
and more numerous fungiform papillae on the dorsum of the lingual apex compared to
its ventral aspect. On the other hand, the fungiform papillae are more frequent and larger
on the ventral side of the lingual apex than they are on the dorsal one, as shown by
Mahdy, Abdalla [3] in goat, Jackowiak, Skubis [36] in fallow deer, Atoji, Yamamoto [43]
in Formosan Serow, and Erdogan and Pérez [53] in pampas deer. Iraqi goats, on the other
hand, don't have any fungiform papillae on the underside of their tongues near the very
tip [54]. Not only were fungiform papillae seen on the lingual apex, but also on the dorsal
aspect of the anterior lingual body, the lateral surface of the tongue, and even extending
to the torus linguae.. This results coincides with that of Erdogan and Sagsoz [55] in sheep,
and Mahdy, Abdalla [3] in goat. It has been noted that the fungiform papillae in rumi-
nants are encircled by a deep groove [44, 56], , whereas in goats [3] and pampas deer, this
groove is shallow or nonexistent. [53].

Several taste bud openings were seen on the dorsal surface of the fungiform papil-
lae, which is consistent with the literature on ruminants, [3, 13, 44, 50]. These buds were
first seen by Jabbar [54] in the Iraqi goat's fungiform papillae on the dorsolateral side.
Some of the fungiform papillae in the cattle tongue include taste buds, while others do
not; this suggests that they may be divided into gustatory and mechanical papillae, as
discovered by. Scala, Mirabella [4]. On the other hand, as [57] Iranian buffalo, and [7] in
Saanen goat lack taste buds. the fungiform papillae serve primarily a mechanical pur-
pose. Number of taste buds is correlated with flavor quality [58-60]. So, the Rahmani
sheep's ability to detect grass may be aided by the arrangement of the taste buds' pores
on the surface of the fungiform papillae in the back part of the tongue. Where, Goats and
sheep feed on herbs and shrubs by picking the leaves with their top and lower lips and
tongues [20].

The current research found a high concentration of filiform papillae along the lin-
gual dorsolateral surface and the lingual tip's ventral surface. The lingual surface showed
morphological variation. Main filiform papillae near the median longitudinal groove
contained 2-5 processes, and subsidiary papillae of varying sizes formed a ring around
the main papillae at the lingual apex. Whereas, the major filiform papilla in the rostral
half of the lingual body encloses secondary and tertiary papillae of varying sizes, and the
filiform papillae are folded like qirtas of paper. Because of this variant, forages are better
able to transport food on the lingual dorsum and stick to the lingual surface, which im-
proves mastication efficiency.. This variation increased the capability of the forages to
adhere the lingual surface and transport the food on the lingual dorsum, in addition in-
crease the efficiency of mastication. In this connection, the pattern of the main filiform
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papillae surrounded by a various number of secondary papillae are discussed by several
authors [55] in sheep [3, 6] in goat, and [36] in fallow deer all have a pattern of major fil-
iform papillae surrounded by a variable number of subsidiary papillae, and this has been
explored by a number of authors. The secondary papillae serve to protect and reinforce
the major filiform papillae, creating a durable and pliable lingual surface. We proposed
that the lingual apex and dorsum of the rostral half of the lingual body are the most ex-
posed for forages contact because the quantity, form, and distribution of the secondary
papillae vary according to exposure to mechanical impacts [61], The present experiment
and that of Mahdy, Abdalla [3] in goat both showed that a groove around the base of the
filiform papillae

The dorsal surface of the tongue under study featured a distribution of five different
forms of conical papillae. Short, straight, conical papillae with rounded apices and long,
curving, conical papillae with somewhat pointed apices can be found in the transverse
fossa region. The lateral aspect of the torus linguae featured conical papillae with a wide
base and pointed apices, whereas the dorsal portion featured conical papillae of varying
sizes. Additionally, a single variety ((flattened conical papillae) on the lingual root and
glosso-palatine arch. .. El-Bakary and Abumandour [44]only recognized one form of
conical papillae, however Mahdy, Abdalla [3] in goat, Mahdy [47] in Nile fox, and Shao,
Long [59] in yak exhibited two varieties of conical papillae. However, rabbits[1], and
Bactrian camels [14] lack these papillae on their tongues.

Like other ruminants, they have a cluster of lenticular papillae on their torus linguae
[3, 10, 11, 44, 62]. The torus linguae of a lamb [9],a barbary sheep [63], a fallow deer [36], a
deer from the species Mazama americana or Mazama gouzoubira [64], a pampas deer
[53], or a Formosan serow [43] lacks these papillae. Both rounded and tongue-shaped
lenticular papillae were seen in this investigation. Lenticular papillae in Karacabey Me-
rino sheep, on the other hand, are reported to be convex and pyramidal [48], while those
in Egyptian water buffalo are reported to be triangular and to have blunted ends [44].
Herbivore animals (ruminants) that consume tough food and food with a high fiber
content have a greater concentration of mechanical papillae (conical, lenticular, filiform)
on the torus linguae of the tongue to facilitate the mastication process and the forward
movement of the bolus inside the oral cavity and into the pharynx.

Just like in most ruminants, the circumvallate papillae were arranged in two rows,
one on either side of the torus linguae. They came in a variety of shapes, including ellip-
tical, pyramidal, rounded, and oval with an extended depression area. Abd Murad,
Hassan [8] in ram, , Tadjalli and Pazhoomand [9] in lamb, and Mahdy, Abdalla [3] in goat
all reported roughly comparable findings. In contrast, the papillae of the Egyptian water
buffalo [11, 44], Bactrian camel [14], and fallow deer [36] are spherical. The ruminants
mentioned above all had a large number of these papillae. As described in several
non-ruminant animals, the circumvallate papillae are relatively low in number. The Nile
fox [50], American mink [39], and cat [38], all have six circumvallate papillae, while
agouti [65], the golden-headed lion [66], and horses [16] and bats [67], each have three.
Calomys callosus [68] only has one circumvallate papilla. In contrast, the cape hyrax
lacks these papillae [69].

The circumvallate papillae of Rahmani sheep were round and surrounded by pa-
pillary grooves and annular rods. Several studies on ruminant and non-ruminant ani-
mals have found similar outcomes [5, 8, 14, 36, 63]. According to buffalo [44], , the surface
of these papillae is uneven, and the irregularity aids in the dissemination of the saliva
secretions. This led the current research team to conclude that the circumvallate papillae
and rods were covered in many secretory granules. Additionally,, Chamorro, De Paz
[70] hypothesized that the papillae's surrounding groove served a gustatory purpose.

According to our knowledge, the first report of flattened conical papillae on the
gloss palatine arch and the lingual root and different shaped apertures of the lingual
glands on the dorsum surface of the tongue in Rahmani sheep comes from our scanning
electron microscopy research.. Some of these openings were observed on the basal parts
of the filiform papillae,.. Mahdy [50] and Kobayashi, Miyata [71] both found similar holes
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on the base of the filiform papillae, confirming this finding. Posterior lingual gland ap-
ertures in fallow deer are either circular or slit-shaped, and are found in abundance on
the lingual root surface [36]. The bolus is moved and swallowed toward the pharynx
thanks to the presence of many apertures of the lingual glands on the root. Furthermore,
the lingual gland apertures may vary in shape depending on the tongue's morphology.

5. Conclusions

The current study describes the morphology of the tongue of Rahmani sheep as well
as the distribution of their lingual papillae, which include mechanical (filiform, conical,
and lenticular) and gustatory (fungiform and circumvallate) papillae. The filiform pa-
pillae, along with their secondary and tertiary papillae, as well as the varied forms and
sizes of the conical and lenticular papillae, improve food adhesion on the tongue's sur-
face and mastication effectiveness. Because sheep are grazers, they used their lips and
tongue to select and taste the grass, and the pores of the fungiform papillae were con-
spicuous at the rostral third of the tongue. Various shapes of lingual gland apertures
were dispersed over the lingual surface, increasing in frequency near the lingual root.
These physical characteristics provide a high functional adaptability to the animal's
feeding habits and food type.
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