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ABSTRACT

The structure of the stomach is correlated to the type of the food of the organism. This
study investigated the gross, microscopic, histochemical and ultrastructure of the stomach
of the stone curlew and pied king fisher. Six adult stone curlew and six adult pied
kingfisher of both sexes were used. The results revealed that, the proventriculus was
truncated cone- shaped organ in curlew; while, it is very short tube-like in kingfisher. The
mucosal surface of the proventriculus has proventricular papillae over its entire surface.
The ventriculus was biconvex lens in shape in curlew; while, in kingfisher it is sac-like
organ. The thick muscular wall in curlew consisted of the Crassus caudodorsalis, C.
cranioventralis muscles, tenuis craniodorsalis and caudoventralis; while, the wall is thin in
kingfisher so this organization is unclear. The proventriculus and ventriculus in both
studied birds have folds of the tunica mucosa lined by columnar epithelium. Simple
tubular glands occupied the lamina propria. The ventricular glands were lined by simple
columnar cells. The proventricular glands were situated between the inner and outer
layers of the lamina muscularis mucosae. The tunica submucosa was very thin in the
proventricular wall; while, in the ventriculus, it was not separated from the lamina propria
due to the absence of any lamina muscularis mucosae. Musclosa of ventriculus in
kingfisher consisted of three layers: an internal longitudinal layer, a middle circular layer
and an external layer of longitudinal smooth muscle fibers; while, in curlew the outer
longitudinal layer was absent. In conclusion, the study detected many variations in the
stomach structures of birds subjected to study and these differences could be due to the
differences in food habit. Further studies should be carried out for more understanding
the physiological process of digestion and nutrient absorption in these birds.

INTRODUCTION

Egypt is located at the Northeastern corner of Africa
and occupies an area of about one million kilometers.
It enjoys a unique strategic location, at the crossroads
between Africa, the Middle East, and Europe. Egypt is
divided into four geographical regions, namely, Nile
Valley and Delta, Western Desert, Eastern Desert, and

Sinai. The country is rich in wild bird species due to its
wide range of habitats (Issa, 2019). The Eurasian stone-
curlews, also known as dikkops or thick-knees, consist of
10 species within the family Burhinidae, and are found
throughout the tropical and temperate parts of the world,
with two or more species occurring in some areas of
Africa, Asia, and Australia. Despite the group being
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classified as waders, most species have a preference
for arid or semiarid habitats Bock (1994). It is a species
of European conservation concern (BLI, 2012; BLI,
2015). The Eurasian stone-curlew is largely nocturnal,
especially when singing its loud wailing songs. Its food
consists of insects and other small invertebrates, and
occasionally small reptiles, frogs and rodents (Dunning,
1992). Eurasian Stone Curlew Burhinus oedicnemus is a
summer breeder in Turkey (Boyla 2016), a resident
breeder in Cyprus (Bird Life International, 2015).

Pied kingfisher (Ceryle rudis) belongs to a family of ~90
species that range in size from the 9-g African Dwarf
Kingfisher (Ceyx lecontei) to the ~500-g Laughing
Kookaburra, Dacelo novaeguineae (Woodall 2001 ),
widely distributed across Africa and Asia. It was one of
the three most common types in the world. In ancient
times believed this type descended from an ancestral
American green kingfisher which crossed the Atlantic
Ocean about 1 million years ago (Fry, 1980; Al-
Mamoori, 2016). The Pied Kingfisher (Ceryle rudis)
characterized by maculata plumage consisting of the
black and the white color. It's non-migratory birds, can
be seen near lakes and rivers, and the feeds mainly on
fish, crustaceans and large aquatic insects such as
dragonfly larvae fish (Wanink, 1994; Al-Mamoori,
2016). Its characterized by ability to fly for a long time
(fry et al, 1992; Dyce et al.,, 2010; Al-Mamoori,
2016).The digestive system in birds composed of
buccal cavity, pharynx, esophagus, proventriculas,
gizzard, small and large intestine and cloaca (Al Kinany,
2017). Clear variations are reported in avian digestive
tract and type of food ingested (Al Kinany, 2017). The
avian wall of digestive tract is composed mainly of four
basis layers arranged from inner to outer, mucosa,
submucosa, muscularis externa There is some
variations in the microscopic structure and also
thickness of these layers according to types of birds
also types of ingested food (Rajabi and Nabipour,
2009).

Bird could be classified to three categories or
group in relation to their stomachs function and food
digestion process; first group; birds eat soft food, in
this group, the gizzard acts as stock piling of food.
Second group; birds eat hard diet and gizzard grinds
the food and third group, birds eat intermediate diet
and the gizzard acts for storage and physical digestion
(Hassouna, 2001).

Due to the dearth of information on
histological and anatomical structures of digestive
system in wild birds, especially Eurasian stone curlew
and pied king fisher birds. The aim of the present
study was to illustrate the morphology, histology,
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histochemistry, and ultrastructure of the stomach of the
Eurasian stone curlew and pied kingfisher. These
observations will provide a basis for understanding the
digestive physiology and help pathologists and
nutritionists in future studies on diet and diseases
affecting the species by facilitating the histopathological
diagnosis of such diseases affecting bird digestive system.

Materials and Methods

Study area and Experimental birds

A total of twelve adult apparently healthy birds of both
sexes from Eurasian stone curlew and pied kingfisher
birds, were obtained from bird’s hunters at Sharkeia
governorate, Egypt between years of 2023-2024. Species
identification and age determination were adopted
according to keys given by Klos and Lang (1982). The
current work was completed in accordance with animal
welfare guidelines and the Faculty of Veterinary
Medicine, Suez Canal University Ethics Committee, as well
as Egyptian laws.

Gross morphological examination

Four birds from each species were selected, weighed, and
anaesthetized with chloroform, slaughtered and allowed
to exsanguinate. The ventral body wall of birds were
longitudinally incised from the vent as far as the cranial
end of the sternum, the flaps of the body wall were
reflected on both sides sternum. The birds were laterally
dissected, and the upper digestive tract were
photographed in situ to provide a detailed description of
its shape, position, and relationships with other organs,
according the technique described by Basha et al. (2023).

Macro-morphometric measurements

The macro-morphometric measurements  were
performed as the following, the upper digestive tract
birds were carefully resected. The stomachs were grossly
examined in situ and carefully dissected, the isolated
whole stomach, glandular stomach and muscular stomach
were weighed, photographed. Gross morphometric
measurements were conducted using Vernier’s caliber
following the procedures outlined by El Nahla et al.
(2011) and El Mahdy et al. (2022)

Light microscopic examination

Small pieces of 1 cm? were taken immediately from same
specimen of proventriculus and gizzard, that were used
previously for the gross examination. specimens were
fixed in 10% formaldehyde for one week, dehydrated at
increasing ethanol concentrations, embedded in paraffin,
sectioned at 5.0 um with a rotary microtome and stained
with hematoxylin—eosin (H&E), Masson’s trichrome stain,
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Verheofen van Gieson stain, Alcian blue (AB) and
Periodic acid Schiff (PAS) stains according guidance and
keys given by Bancroft et al (2008).

Scanning electron microscopy

The remaining birds from each species(two birds each)
were utilized for scanning electron microscopic
examination. The specimens were placed in 2.5%
glutaraldehyde for 24 h at 4°C, then washed with
phosphate-buffered saline (PBS, pH 7.4). Subsequently,
the specimens were post-fixed in 1% aqueous osmium
tetroxide for 4 h and rinsed in PBS (pH 7.4). after then
the samples were dehydrated in ascending grades of
ethanol and underwent critical point drying. The dried
specimens were sputtered with a layer of gold at a
thickness of 100 nm using a BIO-RAD sputter apparatus
(Bio-Rad) and scanned using a scanning electron
microscope (SEM, Model-JEOL ASID-10, Cambridge
Ltd.) in the National Research Center, Cairo, Egypt. The
scanning process was carried out According to
instructions of manufacturer. The histological analysis
and identification of stomach ultrastructures were
performed by researchers and assistance from experts
in the above mentioned center

RESULTS

Gross Morphological Structures

Glandular Stomach (proventriculus)

The result revealed that, the glandular stomach is an
elongated, truncated cone- shaped organ in curlew;
while, it is very short tube-like in kingfisher. It is
directed craniocaudally somewhat ventrally and to the
left, in the left ventral part of the body cavity. It
extends between the levels of the 3™ and 7™ in
kingfisher, 3™ and 6" in curlew (Fig. 1C and D).
Externally the junction of the glandular stomach and
the esophagus is obvious in curlew; while, in kingfisher
it is indistinct. Caudally, however, at the junction with
the muscular stomach there is a distinct lighter colored
constriction, the isthmus in kingfisher; while, it is
unclear in curlew (Fig., 2A & B). The demarcation was
by the appearance of the surface (the surface of
oesophags was smooth with longitudinal folds; while,
that of proventriculus showed densely packed
elevations which represent the proventricular glands
(Fig. 2 C, D, E & F). The color line of demarcation in
oesophagus was whitish; while that of proventriculus
was light brown (Fig., 2E & F) in addition, The wall of
proventriculus was thicker than that of the
oesophagus. Much of the left and ventral surfaces of
the glandular stomach is close to the liver, and
especially to the left lobe in which it produces an
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impression. The right side is caudo-dorsally close to the
spleen; while, in kingfisher the spleen related to the left
side of the junction of glandular and muscular stomach.
The dorsal surface is related to the ventral surface of the
lung (Figs., 1A & B). The caudal part of the dorsal surface
is related to the left testicle in the male (and from the
ovary and the cranial part of the oviduct in the female)
(Figs., 1A & B).

Examination of the mucosal surface of the
proventriculus revealed the presence of raised papillae,
papillae proventricularis, over its entire surface (Fig. 1).
The average number of the proventricular papillae in
curlew was 167 * 1.99 /cm? whereas; in kingfisher was
229 + 2.08 /cm?. The mean length of the proventriculus in
curlew was 1.885 * 0.016 cm; whereas, in kingfisher was
1.071 + 0.025 cm. The diameter of the proventriculus in
curlew was 1.935 + 0.027 cm; whereas, king fisher was
147+ 0.038 <cm. The other morphometrical
measurements were illustrated in Table 1.

Muscular Stomach

The muscular stomach is a large organ shaped like a
biconvex lens in curlew; while, in kingfisher it is sac-like
organ. Its craniocaudal diameter is greater than its
dorsoventral diameter. It lay in the left caudo-dorsal
region of the thoraco-abdominal cavity (Figs. 1C & D) in
all  examined species. It is situated between
approximately the levels of the 1%t and 12% lumbosacral
vertebrae in kingfisher and 1% and 10™ lumbosacral
vertebrae in the curlew. It lies essentially in the vertical
plane. However, its craniocaudal axis is directed
somewhat ventrally and to the right in the left ventral
part of the body cavity, and its most ventral part often
crosses the midline to the right side. Its right surface
related to the right lobe of the liver and the descending
lobe of duodenum in kingfisher the right lobe of liver
covers the cranial third of the right surface of the
ventriculus; while, in curlew it covers all the same surface
(Figs. 1A & B). It joined the proventriculus by the cardiac
sphincter and joined the hind gut by the pyloric sphincter.
In the two examined species the cranial one third of the
left surface is related to the left lobe of liver; while, the
caudal two thirds were against the flank covered by the
abdominal air sac (Figs. 1). The craniodorsal sac is ill-
distinct in all examined species; while, the caudoventral
blind sac is only visible in same extremity of the
ventriculus of the curlew.

In the male and female, part of the jejunum also
lies dorsal to the muscular stomach. The dorsal part of
the right surface is separated from the intestine by the
left abdominal air sac. The ventral part is close to the
descending and ascending parts of the duodenum and the
pancreas. Caudal to the muscular stomach are the loop of
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the duodenum, part of the jejunum and the distal parts
of the ceca (Figs. 1). The dark-colored smooth muscle
of the muscular stomach is moderately developed and
can be separated into two lateral muscles (the dorsal
and ventral muscles) of the body in kingfisher; while,
curlew has additional intermediate muscle (the
caudoventral muscles) of the blind sac. All muscles
attach to extensive aponeuroses in the right and left
walls (Fig. 2A & B). Of the two lateral muscles the
dorsal muscle extends between the aponeuroses and
over the dorsal surface of the muscular stomach. The
ventral muscle is similarly distributed over the ventral
surface. The lateral muscles are circularly orientated.
The thickness, however, is asymmetrical since the
dorsal muscle is thicker caudally and the ventral
muscle thicker cranially. The intermediate muscle in
curlew extend between the aponeuroses over the
blind sacs. It is thinner than the lateral muscles. The
caudoventral intermediate muscle in curlew s
continuous with the ventral lateral muscle. These
muscles responsible to crush the food content of the
ventriculus. The pyloric region of the stomach,
connecting the ventriculus and duodenum arose from
the right face of the ventriculus. The inner aspect of
the ventriculus in all examined species was lined by a
hardened membrane, the cuticula gastrica, which is
light orange in king fisher; while, in curlew it is grayish
(Fig. 2A &B). The color of the mucosa of Isthmus gastric
was pinkish in curlew; while, it is ill-distinct in
kingfisher (Fig., 2C & D). No stones or grit were found
in the three species examined (Fig. 2).

The mean length of the ventriculus in curlew
was 4.28 + 0.049 cm; while, in kingfisher it is about
2.937 £ 0.014 cm. The mean width of the ventriculus in
curlew is 3.194 + 0.018 cm; while, in kingfisher about
2.645 = 0.075 cm . The mean wall thickness of the
ventriculus in curlew was 0.879 * 0.031 cm; while, in
king fisher about 0.197 * 0.001 cm. The other
morphometrical measurements were illustrated in
Table 1.

Histological findings

Proventriculus

The results of histological examination showed that
the wall of the proventriculus and ventriculus
consisted of four layers: a mucous membrane (tunica
mucosa gastris), the submucosa (tela submucosa
gastris), a muscular layer (tunica muscularisgastris) and
the serosa (tunica serosa gastris). The mucous
membrane (tunica mucosa) presented folds (plicae
proventriculares) and sulci at its luminal surface (Fig. 3)
in curlew. The folds varied in height. These folds are
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unclear in kingfisher. Some of the folds were confluent
with each other. The folds were lined by a columnar
epithelium, but the cells seemed to diminish in height,
becoming cuboidal towards the base of the sulci. Sections
stained by PAS showed a positive reaction in curlew for
neutral mucin (PAS positive), especially in the upper part
of the folds and the surface epithelia (Fig. 3); while, it
gives negative reaction in kingfisher. From the base of
these folds, in curlew short simple tubular glands
extended through the lamina propria. The glandular cell
lining was similar to that of the folds lining the
epithelium. These glands in kingfisher are tubuloalveolar
and too crowded in the lamina proprea. The lamina
muscularis mucosae consisted of an inner layer, which
appeared as longitudinal smooth muscle bundles lying
along the inner surface of the lobules of the
proventricular glands (Fig. 3), and an external layer of
longitudinally disposed smooth muscle fibers that
appeared thicker, especially opposite the areas between
the lobules of the glands (Fig. 3). The lamina propria
showed many mucous glands with lymphatic infiltration.

The proventricular glands occupied the main part of the
proventricular wall. The lobules of the glands were
conical or rounded in curlew and elongated oval in
kingfisher and are demarcated from one another by
connective tissue fibers rich in blood vessels (Figs. 3).
Each glandular lobule consisted of tubulo-alveolar units.
These secretory units were lined by cuboidal in curlew
and kingfisher that were juxtaposed in their basal
portions where they made contact only with adjacent
cells, giving them a dentate appearance (Figs., 3). These
cells mostly had a conical shape, with a nucleus located
basally and the free surface of each cell extending into
the lumen of the gland, but cells with wide straight apices
and a centrally located nucleus were also seen. The
collecting tubules and excretory ducts were lined by a tall,
simple columnar epithelium; the glandular cells of the
collecting ducts showed a dentate appearance similar to
that of the glandular alveolar cells (Fig. 3). However, each
glandular cell group drained into the main proventricular
lumen through a single mucosal papilla. The nuclei of the
cells of the proventricular glands were large, round and
regular. The proventricular glandular cells showed a
negative reaction with the blue—PAS technique for
neutral mucins but the basal lamina showed positive
reaction (Fig. 3); while, in curlew it is positive. The
telasubmucosa was a narrow connective tissue layer
sandwiched between the circular layer of the tunica
muscularis and the main mass of the lamina muscularis
mucosae (Fig. 3). The tunica muscularis consisted of an
inner longitudinal, middle circular layer of smooth muscle
fibres and an external longitudinal layer (Fig. 3) in the two
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species, the longitudinal layer is thicker. The tunica
serosa consisted of connective tissue rich in blood
vessels, a nervous plexus and adipose tissue, all
covered by mesothelium (squamous cell layer).
Ventriculus
The ventriculus of the two species was characterized
by an internal abrasion-resistant lining membrane
(koilin) and a thick muscular tunic. The tunica mucosa
was covered by an inner layer or ‘horizontal koilin
lining’ which was a PAS-positive layer. The coilin is
thick in curlew. The folds of the mucous membrane are
lined by columnar epithelium in the two species (Fig.
4). In curlew, the cells at the tip of the epithelial folds
appeared taller. The epithelial folds are longer in
curlew. The cells at the tip of the epithelial folds
appeared taller and seemed to have larger secretory
vesicles in all species examined which stained green
with Masson’s trichrome stain, revealing their mucous
secretions; they secret mucous which appeared mostly
in the lumen and underneath the koilin lining (Fig. 4).
Simple tubular glands extended from the
lamina propria to the surface epithelium. Each tubule
consisted chiefly of cuboidal cells with large, round
nuclei in a basophilic cytoplasm and a few, large, pale
staining basal cells (Fig. 4). The glandular lumina were
filled with PAS-positive vertical koilin material (basal
and luminal secretions) that extended to the horizontal
koilin lining (Fig. 4).

The basal ends of the glands, which were situated deeply
in the lamina propria, showed great coiling (Fig., 4). The
lamina muscularis mucosae consists of thick layer of
longitudinally arranged smooth muscle cells (Fig. 4). The
ventricular glands obscured most of the lamina propria,
terminating at a layer of dense connective tissue known
as the tela submucosa (Fig. 4). The tunica muscularis in
kingfisher consisted of three layers: an internal
longitudinal layer, a middle circular layer and an external
layer of longitudinal smooth muscle fibres; while, in
curlew the outer longitudinal layer was absent. The
cercular layer form most of the bulk of tunica muscularis
in the two species. The muscle bundles were extensively
surrounded by dense connective tissue fibres (Fig. 4). The
tunica serosa consisted of connective tissue and
ganglionic cells of the nervous plexus that were covered
by mesothelium (Fig. 4).

Scanning microscopic findings

The epithelium and lamina muscularis mucosa of
proventriculus are thicker in curlew than kingfisher (Fig.
5). The surface of the mucosa of gizzard was even in
curlew; while, in kingfisher it was folded (Fig. 6). The
opening of the tubular glands of gizzard were wide,
circular with the same size and regularly distributed filled
with vertical koilin in curlew; while, in kingfisher they
were very small irregularly distributed with different sizes
(Fig. 6). The tubular glands of gizzard are more numerous
in kingfisher the curlew, while the epithelium and tunica
musclosa is thicker in curlew than kingfisher (Fig. 6).

Table 1. Gross morphometrically measurements of the stomach in Stone curlew and pied kingfisher

Stomach’s part

General

Proventriculus

Ventriculus

Measurement Stone curlew Pied kingfisher
Whole weight of bird (gm) 387.5+2.82 95+1.8
Whole GIT length (cm) 89.438 +0.049 91.50+0.01
Weight of whole stomach (gm) 11.68 £ 0.163 2.85+0.07
Weight ratio of whole stomach to body weight 3% 3%

Length ratio/ GIT 12.90% 7.80%

Wall thickness (cm) 0.26 +0.017 0.06 + 0.002
Width (cm) 1.935 + 0.027 1.47 +0.03

Length(cm) 1.885 +0.016 1.071 £ 0.02
Length ratio /GIT 2.11% 1.17%
Weight ratio to whole stomach 11.95% 16.10%

Wall thickness (cm) 0.344 +0.026 0.102+ 0.005
Number of proventricular gland openings /cm? 167 £1.99 229+2.08
Shape of the glandular opening Rounded Rounded
diameter of the glandular opening (cm) 0.031+0.003 0.04 £ 0.002
Width (cm) 3.194 + 0.018 2.645 +0.07
Length (cm) 4.284 +0.049 2.937+0.01
Length ratio /GIT 4.79% 3.21%
Weight (gm) 10.168 +0.014 2.348 +0.02
Weight ratio to whole stomach 87.05% 82.18%

Wall thickness (cm) 0.879+0.031 0.197+0.001
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Fig.1.A photograph of ventral view of dissected thoraco-abdominof adult curlew (A) and kingfisher (B) and after removal of
liver, lung and heart of adult curlew (C) and kingfisher (D) showing, esophagus (o), heart (h), Proventriculus (pr), Ventriculus

(g), right lobe of the liver (rl), left lobe of the liver (ll), duodenum (d), ribs (r).
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crd cad

Fig.2. A photograph of intact stomach of adult curlew (A) and kingfisher (B). A photograph of the interior of the stomach of
adult curlew (C&E) and kingfisher (D&F) showing, Esophagus (o), Proventriculus (pr), Ventriculus (g), M. crassus
cranioventralis (crv), M. tenuis craniodorsalis (crd), M. crassus caudodorsalis (cad), M. tenuis caudoventralis (cav), isthmus
gastris (i), Junctura esophago-proventricularis (j).
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Fig. 3. A photomicrograph of a longitudinal section in the proventricular wall of adult curlew (A) and kingfisher (B) H and E,
adult curlew (C) and kingfisher (D) PAS, adult curlew (E) and kingfisher (F) alcian blue and adult curlew (G) and kingfisher (H)
massons trichrome showing, lamina epithelialis (ep), Lamina propria submucosa (Ip), superficial proventricular simple tubular
glands (tg), deep proventricular glands (pg), which had clear lumen (Ig).
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Fig. 4. A photomicrograph of a longitudinal ect‘ion in the ventricular wall of adult curlew (A) and kingfisher (B) H ad

adult curlew (C) and kingfisher (D) PAS, adult curlew (E) and kingfisher (F) alcian blue and adult curlew (G) and

kingfisher (H) massons trichrome showing,

(Ip), tubular glands (tg),
horizontal koilin (hk),

E,

), Lamina propria

lamina epithelialis (ep), lamina muscularis mucosa (Imm

),

), submucosa (sm

muscular longitudinal layer (cm), smooth muscular circular layer (cm

vertical koilin (vk), mucosal glands (mg).
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Fig.5. Scanning electron micrograph of the proventriculus of adult curlew (A) and kingfisher (B) showing, surface epithelium
(se), openings of the tubular glands (tgo), tubular glands (tg), lamina muscularis mucosa (Imm), submucosa (sm), tunica

muscularis (tm).
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Fig.6. Scanning electron micrograph of the ventriculus of adult curlew (A) and kingfisher (B) showing, surface epithelium

(s), fissure (f), openings of the tubular glands (o), tubular glands (gl), submucosa (sm), longitudinal muscular layer (Im)
cercular muscular layer (cm).
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DISCUSSION

The present work was carried out on 10 birds of two
species, namely, Eurasian stone curlew and pied
kingfisher in order to observe the morphological and
histological as well as fine structure of stomach.

The stomach of the birds is divided into two
chambers. The first stomach is proventriculus and the
second chamber is called gizzard or ventriculus.
Gizzard stomach is grinding function of grains by their
muscles, so that it's facilities indigestive process
(Rebecca, 2021). The two chambers of stomach are
different in size and shape depending on the nature of
birds’ diets as carnivores, piscivorous and granivorous
birds. The glandular stomach (proventriculus) is
characterized thin layer based on the food force, grains
(AL-Taai, 2022). The stomach in fowl is composed of
glandular stomach (proventriculus) and muscular
portion that is ventriculus or gizzard (Suganuma et al.,
1981; Macari et al. (1994); Dyce et al., 1996; Baily et
al., 1997; Bacha and Bacha, 2000), which are separated
by an isthmus. The chicken stomach is located at the
left of the median line and is situated dorsal to the
liver. In carnivorous and piscivorous fowls that swallow
big victuals very little distinction exists between the
glandular and the muscular stomach (Sisson &
Grossman, 1986; Baumel et al., 1993). The statements
and findings of above workers are in line with results
of this study. The results displayed that, the isthmus
was ill-distinct in the studied birds of this study, this
could be explained that the investigated birds are
carnivorous in contrary with the grainvorous species
the isthmus is clear as they eat small grains like chicken
(Macari et al., 1994) and bustards (Baily et al., 1997).

Macari et al. (1994; AL-Taai, 2022), cited that,
the avian proventriculus is a structure located between
the lower esophagus and the ventriculus, lined by a
glandular mucosa with secretory function, this
statement is in accordance with results of current
study. The long proventriculus in curlew and king fisher
may due to the need of coarse food storage like what
mentioned in ratites (Angel et al. 1996); while, the very
short proventriculus in bee eater, this may due to that
bees do not need much digestive enzyms to be
digested (Basha et al., 2023). On the inner surface of
the proventriculus of the bee eater (Basha et al,
2023), chicken (Sisson & Grossman, 1986, Banks, 1992,
Melvin and Reece, 1996; Turk, 1982; Dyce et al., 1996)
and bustards (Baily et al., 1997), there is papillae, low
and wide, on the lumen; on the apex of each papilla
opens one of the proventricular glands. However, in
the curlew and king fisher proventriculus there are no

grossly detected papillae, the ducts of the
proventricular glands open in depressions on the
mucosal surface. These findings are in agreement with
results of the current study.

The mucosa is excessively folded, forming flat
folds, Hassan and Moussa (2012) stated that the
mucosal epithelium of the proventriculus of pigeon
and duck was columnar and this is unlike the findings
of Banks (1992) in fowl and Juliana et al. (2005) in
partridge who stated that it is cuboidal. Banks (1992)
in fowl and Hassan and Moussa (2012) in pigeon and
duck and Basha et al. (2023) in bee eater observed that
the lamina propria in the proventriculus is typical and
it contains numerous lymphatic tissues, which are
nodular or diffuse. An interrupted layer of guided
fibers forms the muscularis mucosae longitudinally,
and bunches are interdigitated between the mucous
glands. Submucosa occupied by numerous submucosal
glands, which are compound, ramified or tubular.
Juliana et al. (2005) in partridge the gland lobules
separated by connective tissue septa. These findings
were on line with this study in curlew and king fisher.

In fowl, Banks (1992) and bee eater (Basha et
al., 2023) recorded that tunica muscularis is formed of
inner longitudinal, middle circular and outer
longitudinal layers. Similar findings were recorded in
this study; while, Juliana et al. (2005) in partridge and
Hassan and Moussa (2012) in pigeon and duck stated
that it is formed of inner longitudinal musculature and
an outer circular layer. The tunica serosa in fowl
(Banks, 1992), partridge (Juliana et al. 2005) and
pigeon (Hassan and Moussa, 2012) is composed of
connective tissue and a cuboidal cells layer; while, in
the current study the cell layer was squamous as that
recorded in duck (Hassan and Moussa, 2012). The
differenced may be attributed to species and biological
variation of the birds.

Ventriculus contains the acids and enzymes
secreted in the gastric proventriculus (Turk, 1982;
Macari et al., 1994). These findings in consistent with
our results in curlew. considering the studied birds are
carnivores, the reason behind that could be explained
in view of Moawad et al., 2017, who stated that, the
feeding activities of fishes and birds are classified
according to the nature of food consumed by all fish
and bird species into three categories; herbivores that
eat plant material, omnivores which consume both
plant and animal materials and carnivores one which
consume animal material secreting acid and enzymes
to digest their food.
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Nickel et al. (1977) in avian, Juliana et al. 2005
in partridge as well as Baily et al. (1997) in bustards
and Basha et al, in bee eater have described muscular
stomach had format of a biconvex lens lying in the left
dorsal and ventral regions of the thoracoabdominal
cavity. Like that recorded by Chikilian and Speroni
(1996) in Nothura maculosa and Nothoprocta
cinerascens, the gizzard in kingfisher has round format;
while, in Crypturellus tataupa it presents an oval
format. The findings of above workers are partially in
agreements with findings of current study. the contrast
could be attributed to capacity factor and nature of
food.

Baily et al. (1997) reported in chicken that, the
ventriculus is constituted by four muscles, two thick
and dark colored, the caudodorsalis and the
cranioventralis; and two with fine thickness and clear
colored, the craniodorsalis and the caudoventralis, that
are responsible to crush the victuals ingested, These
muscles are organized is ill-distinct in ours study as the
species of the study are carnivors eating fish , whereas
the fish are not so hard compared to grains which
need high force for grinding.

Similar to our findings in curlew, Sisson and
Grossman (1986) in chicken; Baily et al., (1997) in
bustards and Hassan and Moussa (2012) in duck and
pigeon indicated that the body of ventriculus separates
the two tapering ends, the saccus cranialis and saccus
caudalis; while, these two sacs are indistinct in
kingfisher this may be due to that the muscular wall of
the gizzard is ill-developed as they do not need much
force to grind the fish.

In our study, the Ventriclus® weight recorded
was 2.6% in curlew and 2.5% in king fisher body
weight, these results are higher than findings reported
in Houbara and Kori Bustards birds (1.3%), in chickens
(1.9%), in duck (2.2%) of body weight (Hassan and
Moussa, 2012), and lower than mean value reported
by Basha et al. (2023) in bee eater (4.7%.) body weight.
The discrepancies between our results and above
findings could be attributed to the function of stomach
in differs birds. Regarding the presence of stone in
Ventriclus, Hassan and Moussa (2012) reported that
presence of stones in ventriculi of duck and pigeon
with different sizes. Moreover, they suggested that,
the presence of stones probably ingested intentionally
to assist with the grinding down of food; in contrast,
the current study no stones were found in gizzards of
all birds investigated, this could be explained that,
investigated birds are carnivores and their food are
fishes which needs only acid and enzymes to be
digested.
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Zhu, (2015) cited that, the ventriculus is
internally lined by columnar epithelium has tubular
glands open in crypts of the epithelium. Similarly, the
inner layer of the muscular stomach of the birds
subjected to investigation in this study, was lined by a
thick cuticula gastrica, which is grayish in curlew and
orange in kingfisher. Furthermore, the results revealed
that, the cuticle is yellowish in most birds examined,
this results are on parallel with findings recorded by
Suganuma et al. (1981) in wild fowls and Juliana et al.
2005 in partridge, and Baily et al. (1997) in bustards.

Basha et al. (2023) stated that, in bee eater the
lumenal surface of ventriculus is lined by a
proteinaceous substance similar to keratin produced
by mucous glands. These findings were similar to ours
study findings in the two bird’s species studied. George
et al. (1998) claimed that the glands produce the
material of the hardened membrane of the gizzard are
called koilin. Furthermore, Eglitis and Knouff (1962)
demonstrated that the secretion of the tubular glands
was a carbohydrate-protein complex; this established
the non-keratin nature of the membrane, since a
carbohydrate component is absent in pure keratin.
George et al. (1998) in chicken recorded that there was
a layer of elastic and collagen fibers is observed
surrounding the ventricular mucosae, constituting the
compact stratum, and externally is limited with the
submucosa. The differences in nature of material
produces by above glands could be attributed to needs
of digestion process and protection the wall of
stomach in various birds.

In accordance to the current study, Bennett &
Cobb (1969) in their studies on birds demonstrated
that the muscular stomach smooth muscle is mainly
disposed in crossed bunches or layers, separated by
connective tissue, in relation to the other visceral
muscles. Banks (1992) in chicken, Basha et al. (2023) in
bee eater researched to similar results on their studies,
that the serosa outer to the tunica muscularis,
composed of connective tissue lined by a squamous
cell layer.

CONCLUSION

It could be concluded from this study, there are some
variations between the stomach of stone-curlew and
kingfisher. The stomach features undoubtedly
correlated with its feeding habits. Further studies
should be carried out for more understanding the
behavior, digestion process and nutrient absorption of
these birds.



Yemeni Journal of Agriculture and Veterinary Sciences (2024) 5(2):46-61

Abdul-Mughni et al

ACKNOWLEDGEMENT

The authors are grateful to the Department of
anatomy, Faculty of Veterinary Medicine, Suez Canal
University, Egypt, for their support in conducting this
study.

AUTHORS’ CONTRIBUTION

Aref AM conducted the field survey under the
supervision of Basha AAB, Aref AM and Basha AAB
designed the study, prepared the primary draft;
revised the manuscript; Ahmed, M.A. and Hassan, S.A.
helped in processing of the specimen. All authors have
seen and approved this version of the manuscript.

CONFLICTS OF INTEREST
No conflicts of interest have been declared.

FUNDINGS
None

ETHICS APPROVAL

The study was approved by scientific research ethics
committee, Faculty of Veterinary Medicine, Suez Canal
University, Ismailia, Egypt.

REFERENCES

Al Kinany, MJH. 2017. Histological Study of Esophagus
in  White Breasted Kingfisher  (Halcyon
symernensis). Wasit Journal for Science &
Medicine 2017: 10(1): 33-42.

Al-Mamoori, NAM. 2016. Anatomical and
Morphometric Study of the Trachea in Pied
Kingfisher Birds ( Ceryle rudis ). Kufa Journal For
Veterinary Medical Sciences; 7 (2): 15-23.

AL-Taai, SAH. 2022. Morphological comparison of
proventricular and gizzard in starling birds Sturnus
vulgaris and pigeon Columba livia. International
Journal of Veterinary Sciences and Animal
Husbandry; 7(1): 15-18.

Angel, CR, Scheideler SE and Sell JL. 1996. Ratite
nutrition. In Ratite Management, Medicine and
Surgery, (ed. Tully TN, Shane SM), pp. 11--30.
Florida:Kreiger Publishing.

Bacha, WJ and Bacha, LM. 2000. Color atlas of
veterinary histology. 2.ed. Philadelphia: Lippincott
Williams & Wilkins, 318p.

Bailey, TA, Mensah-Brown EP, Samour JH, Naldo J,
Lawrence P, Garner A. 1997. Comparative
morphology of the alimentary tract and its
glandular derivatives of captive bustards. J Anat.
1997 Oct;191 ( Pt 3)(Pt 3):387-98. doi:

59

10.1046/j.1469-7580.1997.19130387 .x.
9418995; PMCID: PMC1467696.

Bancroft, JD and Gamble M. 2008. Theory and practice
of histological techniques, 6th ed.. Philadelphia,
PA: Churchill Livingstone Elsevier.

Banks, WJ. 1992. Histologia-Veterinariaaplicada. 2.ed.
Sao Paulo: Manole,629p.

Basha, WAA. Hassan SAM, Saad EM, Salah-Eldein AM,
Elsayed AK. 2023. Adaptive Interplay between
Feeding Preference and Structure of the Upper
Digestive Tract in African Green Bee-eater
(Merops viridissimus cleopatra).  Journal of
Advanced Veterinary Research; 13(10): 2078-
2084,

Baumel, JJ, King AS, Breazile JE,. Evans HA, and Vanden
Berge JC. 1993. Handbook of avian anatomy:
nomina anatomica avium. 2.ed. Cambridge:
Nuttall Ornithological Club, 779 p.

Bennett, T and Cobb JLS. 1969. Studies on the avian
gizzard: Morphology and innervation of the
smooth muscle. Z Zell-forsch Mikrosk Anat; 96:
173-185.

BLI (Bird Life International). 2012. Species Factsheet:
Burhinus oedicnemus. Downloaded from http://
www.birdlife.org (accessed 21 October 2012).

BLI (Bird Life International). 2015. W. birdlife. Org /
datazone/species/factsheet/45111439/
additional.

Bock, WIJ. 1994. History and Nomenclature of Avian
Family-Group Names. Bulletin of the American
Museum of Natural History. Vol. Number 222.
New York: American Museum of Natural History.
pp. 112-113, 137, 247.

Boyla, KA. 2016. The Checklist of the Birds of Turkey,
2016.01. http:// bird watchturkey.com/ checklist
Caceci, Thomas (undated). Proventriculus. Source:
"Example: Proventriculus"”. Archived from the
original on 2007-12-10. Retrieved 2007-12-18.
(accessed: December 18, 2007).

Chikilian, M and Speroni NB. 1996. Comparative study
of digestive system of three species of tinamou. I.
Crypturellustataupa, Nothoproctacinera-scens,
and Nothuramaculosa (aves: Tinamidae). Journal
of Morphology; 228:77-88.

Dunning, B. 1992. CRC Handbook of Avian Body
Masses. CRC Press. ISBN 978-0-8493-4258-5.

Dyce K M Sac W O and Wensing CJ G. 2010. Text book
of Veterinary Anatomy.4th Edition. Saunders
Elseveir.Pp:799-804.

Dyce, KM et al. 1996. Anatomia das aves. In: DYCE, KM,
et al. Tratado de anatomia veterinaria. 2.ed. Rio
de Janeiro: Guana-bara Koogan, p.631- 650.

PMID:




Yemeni Journal of Agriculture and Veterinary Sciences (2024) 5(2):46-61

Abdul-Mughni et al

Eglitis, | and Knouff R. 1962. An histological and
histochemical analysis of the inner lining and
glandular epithelium of the chicken gizzard.
American Journal of Anatomy 111, 4965.

El Mahdy, TO, Moussa EA and Amira MM. 2022.
Morpho-functional Evaluation of the Fibrous
Elements of the Normal Femorotibial Articulation
in Adult Dogs (Canis familiaris). J. Vet. Anat.;15(
2): 15— 34.

El Nahla, SM, El Mahdy T, Basha W. 2011. Morpho-
functional adaptation of the stomach of the cattle
egret (Bubulcus ibis) to the types of its food.
Veterinary Medicine and Science 16: 93—-111.

Fry, C, Hilary F., Kathie, Harris and Alan. 1992.
Kingfishers, Bee-eaters, and Rollers. London:
Christopher Helm. pp. 236—240. ISBN 978-0-7136-
8028-7.

Fry, CH .1980. The origin of Afrotropical kingfishers".
Ibis 122 (1): 57-74.

George, LL et al. 1998. Histologia comparada. 2.ed. Sdo
Paulo: Roca, 286p.

Hassan, SA, Moussa EA. 2012. Gross and Microscopic
Studies on the Stomach of Domestic Duck (Anas
platyrhynchos) and Domestic Pigeon (Columba
livia domestica). J. Vet. Anat.;5(2):105 — 127.

Hassouna, EMA. 2001. Some anatomical and
morphometric studies on the esophagus and
stomach of goose, turkey, sparrow, kestrel,
hoopoe, owl and darter. Assuit Vet. Med. J. 44
(88): 21-46.

Issa MAA. 2019. Diversity and abundance of wild birds
species” in two different habitats at Sharkia
Governorate, Egypt. The Journal of Basic and
Applied Zoology : 80:34

Juliana, RR, Silvana MB, Daniela O, Claudineida C,
Vanessa SF and Alex S. 2005. Morphology of
glandular stomach (Ventriculus glandularis) and
muscular stomach (Ventriculus muscularis) of the
partridge Rhynchotusrufescens. Ciéncia
Rural.;35(6):1319-1324.

Klos, H and Lang E. 1982. Handbook of zoo medicine:
Diseases and treatment of wild animals in zoos,
game parks, circuses and private collections. New
York: Von Nostrand Reinhold Company.

Macari, M.; Furlan, R.L.; Nakaghi, L.O. Anatomia e
histologia funcional do trato digestivo. 1994. In:
Fundacdo Apinco De Cléncia E Tecnologia Avicolas
— Apinco. Fisiologia da digestdo e absorcao das
aves. Campinas: Apinco, 1994. p.1- 18.

McLelland, J. 1979. Digestive system. In Form and
Function in Birds (ed. King AS, McLelland J), pp.
69+181. London: Academic Press.

60

Melvin, J and Reece WO. 1996. Dukes - Fisiologia dos
animais domésticos. 11th. ed. Rio de Janeiro:
Guanabara Koogan, p.390- 397.

Moawad UK, Awaad AS, Tawfiek MG. Histo-
morphological, histochemical, and ultrastructural
studies on the stomach of the adult African
catfish (Clarias gariepinus). ) Microsc Ultrastruct.;
5(3):155-166.

Moyle and Robert G. 2006. "A molecular phylogeny of
kingfishers (Alcedinidae) with insights into early
biogeographic history" (PDF). Auk.;123 (2): 487-
499,

Nickel R, Schummer A and Seiferle E. 1977.Alimentary
tract of the head.In Anatomy of the Domestic
Birds (translated by Siller, WG, Wright PAL), pp.
41-72. Berlin: Paul Parey.

Rajabi , E and Nabipour A. 2009. Histological study on
the oesophagus and crop in various species of
wild bird. Avian biology research 2(3):161-164.

Rebecca, K. 2002.The digestive system of birds.
http://www.Page wise.com/ disclaimer. Html,
€2002.

Sisson, S and Grossman JD. 1986. Anatomia dos
animais domésticos. 5.ed. Rio de Janeiro: Guana-
bara Koogan, 2000 p.

Suganuma, T, Katsuyama T, Tsukahara M, Tatematsu
M, Sakakura Y, Murata F. 1981. Comparative
histochemical study of alimentary tracts with
special reference to the mucous neck cells of the
stomach. Am J Anat. 1981 Jun;161(2):219-38.

Turk, DE. 1982. The anatomy of the avian digestive
tract as related to feed utilization. Poultry
Science;v(61):1225-1244.

Wanink, H and Goudswaard PC. .1994. Effects of Nile
perch (Lates niloticus) introduction into Lake
Victoria, East Africa, on the diet of Pied
Kingfishers (Ceryle rudis)". Hydrobiologia; 279—
280 (1): 367-376.

Woodall, PF. 2001. Family Alcedinidae (Kingfi shers).
Pages 130-249 in Handbook of the Birds of the
World: Mousebirds to Hornbills (J. del Hoyo, A.
Ellio, and J. Sargatal, Eds.). Lynx Edicions,
Barcelona.

Zhu, L. 2015. Histological and Histochemical Study on
the Stomach (Proventriculus and Gizzard) of
Black-tailed Crake (Porzana bicolor). Pakistan J.
Zool., vol. 47(3), pp. 607-616, 2015.



Yemeni Journal of Agriculture and Veterinary Sciences (2024) 5(2):46-61. Abdul-Mughni et al

oy ol (el Olg Sl Buae) duomnd AdlesSy dummundg ddles duly
Slowd!

20> does ol daawg Sladalll das dases el 9 2Lab (sddl dus Y9 T adedl dus mlo LByl

oadl lod )los drol (Splacd] allg dely i)l 48 cdizYlg i) acud

o cddiclowwl i gl 6US drols e sracd] Lol 4 cdiYg @M//oaj

s b)paiol] i)ginial] drol i Siband] Lol &b cdizYlg p il pnd

areef2000@yahoo.com dlw/yol/*

skl

LlaSI duzeadlly doygeally Lo 2l Add! A8yma) Luahyll 0dd oyl ) 501 dglidy (U1 plakall fgis Wil Biaadl (oS5 Lasy
caiS g omed] ))So.n Elowdl LBlo (10 )_95.19 diwy Sy Qb)f&a Al Hgub i ‘a\.x:':.l.wl © hawdl Blog 6).7:2.” Q\gﬂ\ NN
Buaal) ool mhadl Sgizn howdl wlo (§ 132 uad ©gIl ddn OF L 019,801 3 gine blogysee I5uas Luall suasll Ol gLl
G Sl didma dusds S e ddianll Biaell CIE g el 151 G Bk AU doxbaw Jo e dxigkyy Slagl> e Baal)
O e G3Vb ady3g 4o15all 8rolall diaall g e el ddiiaall Buaall Jayy iy Sl ddd el Wlo Sl (§ Ly Olg,Sd!
4alsdly Wadl deeledly Jadl &bty Lhadl ksl wdlac oo 0lg,SIl 3 el Juaadl slusd! 995 dulgdl Spoladl duasll @y
oSl 36 (3 duanll Buaall Sl el O zusly b dwaad) i) 1in O 1 clawd] Blo (§ Ed) Hlacdl 0550 et (A
E&H i plusciuly dudyanll Bixally Bl Busall o Slise o 05 ) dushyll (§ ol Boaal) B (o bt ety Glash
292001 36§ Adiasdl Baaally sl Baaall Of bl oyl 0gnz OB diwey OI9Y A8 Ogule dimeg (PAS) (i3l s yan>9
3us a5 L Alapu Lages Lo didase ddddadl suall C3E L gas §lghay didaell ddolieall AN (o Ol e Sgisd Lgiwlyd cwd (&)
L) Barell luz (§ 1z Ay Abolieall o AMI 56 . Adoliall dxlianll dompiall diamylidly dudsIull lidall o dabianll Sunall
Bl ddiasdl UM 09SH dubolins ddias Ao (ST 3929 e Gt Lo guaseall dviall (ye Lghiad o @ ddiaall Baaall § Lo
3 adaal Buasl cdlae 955 adgb dduae LT e Aad) dumyls Ao g )31 slude duliae BT cpo dSkows sty A oy dpdad]
O9SI § Loy gl slude edlae BT ¢y duamls Ao g daugio Lyl didbog dudsls ddsb A tlinds &M ¢ye o] Wlo
Sy Dbyl Al 1 gadall Buaedl (oS53 (& GBI cyo dpdall s o JI dwhll cuals A5 Lol ddghall dadall 0553
L) grnd)] dslanll 0] Lyl (o dszall szl duhll (5055 .ae 539 eldall ol dinyo § GBS o BN 0d 0555 of
gl oda L.g 4510 _poliadl jolatelg gl

lowd! Mo ¢dilanSy duzmanndg ddls dwlyd ¢ (wlygY! Syl Olg SN 1 liaell LS|

To cite this article: Abdul-Mughni AA, Basha WA, Abdellatif AM and Hassan SA. 2024. Gross, histological and
histochemical investigation of the stomach of the Eurasian stone curlew (Burhinus oedicnemus) and pied king
fisher (Ceryle rudis). Yemeni Journal of Agriculture and Veterinary Sciences; 5(2): 46-61.

61



