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SUMMARY: The morphology of filiform papilla root in the tongue of Chinese yellow cattle were studied by scanning electron
microscopy, and several geometric models were established to analyze the possible effects of such structures on linguzl mechani
functions. Conical and tongue-like filiform papillae were detected in different locations on the lingual surface, alongtyygs sif
root structures. A lingual groove surrounded the papillae in five of these structures. To date, such grooves have nasbeénndisc
studies on bovine lingual morphology, and those distributed on the dorsal surface of the lingual apex can limit the nestioh rang
filiform papillae. Two secondary papillae emerged from a groove on the dorsal surface of the lingual apex’s caudal palfilthese
can protect a filiform papilla root from damage. The grooves and the flat orientation of such papillae on the dorsal e fénguad
body can reduce energy expenditure during forage transportation. A lingual rib that can strengthen the filiform papi#egedfrem
a groove on the dorsal surface of the rostral half of the lingual body. On the dorsal surface of the lingual body’s ¢caliddifbati
papillae emerged from a groove to form low lingual walls that can protect the roots from being crushed by forage. Higlaliagual
were generated on the lateral surface of the lingual apex; these walls enable filiform papillae to adapt to harsh foodrésvironm
effectively. The root structures on the lingual body’s lateral surface were adequately simple and did not exhibit linggltgusov
hydraulic resistance may decrease during mastication. Diverse root structures can optimize the lingual mechanical fuinciomseand
self-protection capability in combination with the appearance and distributions of these papillae. All the aforementioeectéaahe
the result of environmental adaption and cattle evolution.
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INTRODUCTION

Chinese yellow cattleBps tauru} are among the the largest and most widespread papillae in bovine tongues.
most important domestic animals in China and serve asThese papillae are related to feeding functions, such as
rich source of meat and leather for people €€ ai, 2014). prehension, transportation, mastication, and food
These bovines are typical ruminants and play with theinanipulation (Scalat al, 1995; Shaet al, 2010; Satet
tongues more frequently than other domestic animals dsl., 1994).

The role of the tongue in the feeding process is significant

in conjunction with those of other organs, including the upper Various studies with light and scanning electron
jaw that is within and near the oral cavity (lwasaki, 2002microscopy have been conducted on the histological and
The functions of the tongue are related to the morphologyiorphological features of filiform papillae in bovines, such
structure, and distribution of the lingual papillae (Sedla as cows (Stefliket al, 1983; Chamorret al; de Paz Cabe-
al., 1995). In bovines, these papillae are usually classifi¢id et al), buffaloes (Scalat al, 1993), Japanese Black cattle
into gustatory and mechanical papillae according to thegi®atoet al, 1994), Zavot cattle (Saat al, 2010), yaks (Shao
functions (Chamorret al, 1986; de Paz Cabellet al, et al; Wanget al, 2015), and domestic cattle (Scatal,
1988). Moreover, filiform, conical, and lenticular papillae1995). Extensive morphologic research has also been
are closely related to the mechanical functions of the tongpeesented on the filiform papillae in other ruminant species
(de Paz Cabellet al); in particular, filiform papillae are and breeds, including Formosan serows (Atbjil, 1998),
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Blackbucks (Emurat al, 1999), Barbary sheep (Emwa RESULTS
al., 2000), Saanen goats (Kurtul & Atalgin, 2008), goitered
gazelles (Harerat al, 2011), chital deer (Erdogan & Pérez,
2014), giraffes (Emuret al, 2013), one-humped camels The tongue was divided into three sections, i.e.,
(El Sharabt al, 2012), and Bactrian camels (Eerdunchaolthe lingual apex, body, and root (Fig. 1). Numerous
et al, 2001). These previous works have reported on tliiform papillae were distributed on the dorsal and late-
orientations, distributions, appearances, ultrastructures amad surfaces of the lingual apex and body, respectively.
functions of such papillae. To date, however, the morphologgurthermore, the features of filiform papillae, including
of the filiform papilla root located in different areas of thadiameter, height, and angle, varied with location (as shown
bovine tongue has not been examined extensively. ThaseTable ).
structures may significantly affect the mechanical functions
of tongue. Root structures of filiform papillae on dorsal surface:
Each filiform papilla root was surrounded by a lingual
Therefore, the objective of this study was tagroove on the dorsal surface of the lingual apex (Fig. 2).
investigate the morphologic characteristics of filiform papiA clearance between the lingual groove and the filiform
lla root in the tongue of Chinese yellow cattle by scanningapilla root was observed on the rostral half (Fig. 2b).
electron microscopy and to compare the findings with tho§evo secondary papillae emerged from the lingual groove
reported for related ruminants. Finally, the morphologion the caudal half and were distributed on the two lateral
effects of filiform papilla root on the mechanical functionsides of the filiform papilla root (Fig. 2d). In addition, all
of tongue were analyzed. filiform papillae were robust, conical, and oriented
caudally on the dorsal surface of the lingual apex (Figs.
2a and 2c¢).
MATERIAL AND METHOD
A lingual groove also encircled each filiform pa-
pilla root on the dorsal surface of the lingual body (Fig.
All the research subjects employed in the currer®). A lingual rib emerged from the groove on the rostral
experiments were approved by the Animal Ethics Committéalf and connected with the filiform papilla root (Fig. 3b).
of Jilin University, China. The tongues of six healthy adulThe filiform papilla emerged from the groove on the cau-
Chinese yellow cattle (four males and two females) with @al half; consequently, a low lingual wall was formed (Fig.
mean weight of 3G820 kg were collected immediately after3d). In addition, all the filiform papillae were tongue-
slaughter from the Haoyue slaughter house, Changchun Clilge in appearance and were laid almost flat on the dorsal
Jilin Province, China (124124 22’ E; 4#13'-46°18'N).  surface of the lingual body (Figs. 3a and 3c).

The tongues were dissected, and small piec&woot structures of filiform papillae on lateral surface:
(approximately 65 m@) were washed in 0.1 M chilled The root structures of the filiform papillae on the lateral
phosphate buffer (pH 7.4), fixed in 2.5 % glutaraldehyde faurface of the lingual apex were similar to those on the
6 h, and again washed twice in 0.1 M of the same phosphdtasal surface of the caudal half of the lingual body (Figs.
buffer. Secondary fixation was performed in 1% osmiur8d and 4b). Each filiform papilla root was surrounded by
tetroxide for 1 h, and the specimens were dehydrated aylingual groove (Fig. 4b). A lingual wall was generated
acetone. Then, the specimens were critical point-dried aad well; this wall was apparently higher than that on the
coated with gold palladium; subsequently, they werdorsal surface of the caudal half of the lingual body (Fig.
observed and photographed under a scanning electdin). The filiform papillae distributed in this location were
microscope (ZEISS EVO 18, Germany). The data wemadso tongue-like and laid almost flat (Fig. 4a).
presented as medianstandard error.

The root structures of the filiform papillae on the

Several geometric models were established basedlateral surface of the lingual body were markedly
scanning electron microscopy observations to analyze td#ferent from the five types described above. These
possible morphologic influence of filiform papilla root onpapillae emerged from the lateral surface of the tongue,
lingual mechanical functions. Given its robust and slendand the root structure was simple (Fig. 4d). No lingual
features, the conical filiform papilla was simplified into rodgroove, rib, secondary papilla, or wall surrounded the
form, whereas the flat tongue-like filiform papilla wasfiliform papilla root. In addition, the filiform papillae in
considered in plate form. In addition, the forage unit wahis location were slender, conical, and laid almost flat
simplified into ball form based on its physical characteristic§Fig. 4c).
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Table I. The measurement data of filiform papillae according to locations V8E).

Locations Diameter at the base (um) Height (um) Angle (°)

Dorsal surface of rostra haf of linqua apex 551.68+26.17 2105.26+206.32 38.86+2.01
Dorsal surface of caudal half of lingual apex 592.49+48.46 1864.43+140.61 34.69+1.57
Dorsal surface of rostra haf of lingua body 521.05+22.81 1339.47+50.76 6.02+0.19
Dorsal surface of caudal half of linqual body 230.02+16.21 558.49+45.80 5.81+0.17
Lateral surface of linqual apex 227.09+22.00 691.85+70.88 4.86+0.13
Lateral surface of lingual body 194.40+14.76 827.10+44.27 3.21+0.11
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Fig. 1. Macrograph of the tongue of
Chinese yellow cattle. a, lingual apex;
b, lingual body; c, lingual root; d, lingual

torus.
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Fig. 2. Filiform papillae on the dorsal surface of the lingual apex. (a) Morphology of filiform papillae on the rostria) Battidture of
filifrom papilla root on the rostral half. (c) Morphology of filiform papillae on the caudal half. (d) Structure of filifrpittegaot on the
caudal half. arrow, conical filiform papilla; arrowhead, lingual groove; dart arrow, secondary filiform papilla; star, filidpitta root.
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Fig. 3. Filiform papillae on the dorsal surface of the lingual body. (a) Morphology of filiform papillae on the
rostral half. (b) Structure of filifrom papilla root on the rostral half. (c) Morphology of filiform papilla on the
caudal half. (d) Structure of filifrom papilla root on the caudal half. arrow, tongue-like filiform papillae; arrowhead,
lingual groove; downward-facing dart arrow, lingual rib; upward-facing dart arrow, lingual wall; star, filiform
papilla root.

Fig. 4. Filiform papillae
on lateral surface of the
tongue. (a) Morphology
of filiform papillae in
the lingual apex. (b)
Structure of filifrom pa-
#= pilla root in the lingual
: 4 f apex. (c) Morphology
Mgr 0% el = «| of filiform papillae in
\ > s N : the lingual body. (d)
| Structure of filifrom pa-
.| pilla root in the lingual
| body. arrow, tongue-like
filiform papilla;
downward-facing dart
arrow, conical filiform
papilla; upward-facing
dart arrow, lingual wall;
arrowhead, lingual
groove; star, filiform
papilla root.
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DISCUSSION ce on forage. In the geometric model of root structures (Fig. 5), lingual
grooves limited the sway of filiform papilla to a range of q (Fig. 5a). As
a result, a driving force was exerted on the forage. Without the lingual
This study determined that the tongue ofjroove, the filiform papilla sways in line with a scope of 1gtg. 5¢)
Chinese yellow cattle contains six types ofind an effective driving force will not be induced for the forage. In
filiform papillae root structures. Five typesconclusion, lingual grooves limited the motion range of filiform papillae
exhibited lingual grooves, which surrounded théo capture forage. In addition, two secondary papillae were distributed
filiform papillae on the dorsal surface of theon the two lateral sides of each filiform papilla root located in the caudal
lingual apex and the body, as well as on the ldalf of the lingual apex (Fig. 2d). These papillae were detected in other
teral surface of the lingual apex. In previousuminants as well; for instance, one to three secondary papillae were
studies, lingual grooves were detected arounobserved in Zavot cattle (Sat al); two were detected in Formosan
the fungiform, vallate, conical, and lenticularserows and chital deer (Atagt al; Erdogan & Pérez); four to eight
papillae in cows (Chamoret al; de Paz Cabe- were observed in lambs (Tadjalli & Pazhoomand, 2004); and six to eight
llo et al), Zavot cattle (Sagt al), and domestic were detected in goats (Kumeiral, 1998). In the tongue of Chinese
cattle (Scalat al, 1995; Shaet al); fungiform  yellow cattle, secondary papillae emerged from a lingual groove. This
and vallate papillae were also observed igroove can protect both the secondary papillae and the filiform papilla
buffaloes (Scalet al, 1993) and yaks (Shabd root from damage (Fig. 5b).
al.; Wanget al). These structures were also
identified around vallate papillae in other In the current research, the root structures of the filiform papillae
ruminants, e.g., Formosan serows (A&tjal), on the dorsal surface of the lingual body were divided into two types as
deer (Erdogan & Perez, 2014), and camelwell (Fig. 3). One type was distributed on the rostral half of the lingual
(Eerdunchaolet al, 2001; El Sharabgt al., body, and a rib emerged from a lingual groove to make contact with
2012). Nonetheless, to date, the lingual groovese filiform papilla root (Fig. 3b). The other type was located on the
around filiform papillae have yet to be examinedtaudal half of the lingual body, and the filiform papilla emerged from
by researchers in the field of bovine linguala lingual groove to form a low lingual wall (Fig. 3d). Both root structure
morphology. types exhibited lingual grooves; however, the roles played by these
grooves differed from those of the lingual apex. In fact, these roles
In the tongue of Chinese yellow cattle,were related to the functions of filiform papillae. On the lingual body,
the root structures of the filiform papillae on thethe filiform papillae constitute a work plane over the dorsal surface of
dorsal surface of the lingual apex were dividethe tongue given their tongue-like appearance and flat orientation (Figs.
into two types (Figs. 2b and 2d). One type wa8a and 3c). This plane increased the contact area with forage
distributed on the rostral half of the lingual apessignificantly. Thus, this study inferred that the function of filiform
and was composed of only a lingual groove (Figpapillae was to transport forage on the dorsal surface of the lingual
2b). The other type was located on the caudalody. Similar conclusions were drawn in research on yaks lap
half and consisted of a lingual groove as well ag/anget al). Furthermore, lingual grooves buried the filiform papilla
two secondary papillae (Fig. 2d). All the lingualroot (Figs. 6a and 6b) according to the geometric model of root structures
grooves were irregular, and they separated th{€ig. 6). As a result, the height L of the work plane over the dorsal
filiform papillae from the dorsal surface. surface decreased; in addition, resistance and energy expenditure
Chamorrcet al suggested that based on the tastdeclined considerably during forage transportation. Forage can easily
buds, the lingual groove surrounding thegass through the filiform papilla, unlike in common root structures
fungiform and vallate papillae in cow tongueg(Fig. 6¢). The lingual rib strengthened the filiform papilla root (Fig.
performed gustatory functions. However, nda), and the low lingual wall protected the filiform root from being
taste buds were observed in the lingual groovasushed by forage (Fig. 6b).
of the root structures in the tongues of Chinese
yellow cattle. Therefore, the function of these Two types of filiform papilla root structures were also observed
lingual grooves may be related to the mechanicain the lateral surface of the tongues of Chinese yellow cattle (Fig. 4).
motion or structure protection of filiform The root structures on the lateral surface of the lingual apex were simi-
papillae. Previous research reported that thiar to those on the dorsal surface of the caudal half of the lingual body.
tongue can grind, capture, and transport forag&he structures all displayed grooves with a lingual wall at the filiform
given the caudal orientation of filiform papillae papilla root and were important to the protection of such roots. When
(Sariet al; Kurtul & Atalgin; Eerdunchaolet the tongue extended from the oral cavity, the dorsal surface of the lingual
al.). Thus, it was hypothesized that caudallyapex captured forage based on the caudally orientated filiform papillae
oriented filiform papillae can exert effective for- (Shaoet al). At the same time, the lateral surface of the lingual apex
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Wanget al) and domestic cattle as well (Scata

al., 1995). During feeding, the lateral surface of
the lingual body rarely made contact with forage.
Therefore, the filiform papillae examined in the
current study did not require a complex root
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structure for protection. In addition, abundant sa-
liva and liquids were generated in the oral cavity

4
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b C dliring mastication. A slender and conical

Fig. 5. Geometric model of root structures on dorsal surface of the lingua . . .
apex. (a) Tangential model on the rostral half. (b) Anterior model on the C&p_pegran_ce C,an r_educe hydraulic reSIS.tance n
dal half. (c) Tangential model of the common root structure. 1, conical filiforgPMPination with simple root structures (Fig. 7b).
papilla; 2, lingual groove; 3, dorsal surface; 4, forage; 5, secondary papilla; q,

swing angle. Moreover, the filiform papillae on the
lingual apex and body of the tongue of Chinese
yellow cattle were classified into two types
according to appearance. Conical filiform papillae
were distributed on the dorsal surface of the lingual
apex and the lateral surface of the lingual body,
whereas tongue-like filiform papillae were
distributed on the dorsal surface of the lingual body
and the lateral surface of the lingual apex. By

Fio. 6.G i del of root struct the dorsal surf fhe | co?trast, conical filiform papillae were uniquely
ig. 6. Geometric model of root structures on the dorsal surface of the lingyalarmined in Formosan serows (Ateii al
body. (a) Tangential model on the rostral half. (b) Tangential model on the (Atefi al),

caudal half. (c) Tangential model of the common root structure. 1, tong e@rbary sheep (Emust al, 2000), Saanen goats

like filiform papilla; 2, lingual groove; 3, dorsal surface; 4, forage; 5, lingu ’(urtgl & Atalgin), goitered gazelles (Hareet
rib; 6, work plane; L, height of work plane; H, lingual wall. al.), giraffes (Emurat al, 2013), and one-humped
camels (El Sharabgt al). Tongue-like filiform

papillae were uniquely observed in chital deer
(Erdogan & Pérez), Bactrian camels
(Eerdunchaolet al, 2001), cows (Steflilet al;
Chamorreet al; de Paz Cabellet al), buffaloes

3 (Scalaet al, 1993), yaks (Shaet al; Wanget al),
and cattle (Scalat al, 1995). The two types of
filiform papillae appearances and cross

b distributions may induce diverse root structures.

Fig. 7. Geometric model of the root structures on the lateral

surface of the tongue. (a) Tangential model in the lingual apex. In conclusion, six types of root structures

(b) Tangential model in the lingual body. 1, tongue-like filiform are relat?d to the meChaniC?' functions of filiform
papilla; 2, lingual groove; 3, dorsal surface; 4, forage; 5, papillae in the tongue of Chinese yellow cattle. In
conical papilla; H, lingual wall. combination with the appearances and distributions

of filiform papillae, diverse root structures can
optimize the lingual mechanical functions and
made contact with the forage. Consequently, the lingual wall cRfprove their self-protection capabilities. All of

protect the filiform papilla root from damage by forage. To enhangge findings described above may be the result of
the protection functions for adaption to harsh food environments, #evironmental adaption and evolution; moreover,

lingual wall formed on the lateral surface was higher than that on @ knowledge regarding the root structures of
dorsal surface (Figs. 6b and 7a). Moreover, the filiform papillae wefigform papillae can lay a foundation for future
tongue-like in appearance, with almost-flat orientations to redugssearch on the characteristics and functions of
friction between the forage and the oral cavity. lingual surface in ruminants. To fully understand

the morphologic effects of filiform papilla root on
In this research, the root structures on the lateral surface of the lingual mechanical functions, further experi-

lingual body differed from the five aforementioned types of structurggental studies should be conducted on the
The former did not exhibit lingual grooves, ribs, walls, or secondagyicroscopic motion and biomechanics of lingual
papillae; this type of root structure was observed in yaks (&e&lo  surface during feeding.
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