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Abstract
The study aimed to find out the histological and histochemical structures of the walls of the stomach
parts in Iraqi Falcon (Falcon berigora).To conduct this investigation, six healthy birds which obtained
from a commercial market in (Al Basra city). the stomach of the falcon is constituted by two chambers:
the proventriculus (pars glandularis), the gizzard (ventriculus or pars muscularis). Under the light
microscopy There is no papilla on the gastric epithelium surface of the proventricular. Both, the
mucous tunic of the proventriculus and of the gizzard present folds lined by simple columnar
epithelium. The tunica mucosa of the proventriculus is extensively folded due to the presence of welldeveloped longitudinal muscle bundles. There is no intermediate zone between the proventriculus
and the gizzard. The luminal surface of the ventriculus have cuticle, which is sloughed and shed small
fine area (around the pyloric opening) and very thin membrane and highly closely adherent to the
lining surface of gizzard. Histochemical study of the proventriculus and ventriculus layers showed
positive reaction with PAS, Toldian and Mallory stain.
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INTRODUCTION
The digestive apparatus comprises the organs
concerned with the reception mechanical reduction
chemical digestion and absorption of food and drink
(Dyce 2010). The birds gastrointestinal tract
morphology, digestive strategy have been intimately
intertwined during evolution to match the nutrient
content of foods available in its natural habitat (Kadhim
et al., 2011) carvers species possess and sizeable crop
or an expandable esophageal pouch for storing food so
that large meals can be consumed. Generally carnivores
birds have less complicated digestive system than those
eatiy complex carbohydrates rotes (Duke, 1997).
However in birds the stomach consist of two chambers
the proventriculus and gizzard the proventriculus varying
in sized shape among species being large and
distensible in aquatic carnivores while being relatively
small in carnivores species (Hassouna, 2001a).
Histological the wall of the proventriculus consists of
large compound tubular gland.The secretory cell product
both pepsinogen and hydrochloric acid thus containing
the function of mammalian chief of parietal cell. While
veutriculus is highly muscular grinding organ (Bacha and
Bacha, 2000).
The aim of the present study is to give a detailed
description of histological architecture of stomach in
falcon.

MATERIAL AND METHOD
Healthy six adult falcon were used in present study
(as a model of carnivores birds) which obtained from a
commercial market in (Al Basra city). The specimens
well anesthetized by chloroform and then dissed by
making along it incision and the digestive tube was
exposed. A specimens of stomach disseated and fixed
imndiuly in 10% formaldehyde then of processing for pre
the histology picture (dehydrated and on bedded in
paraffin histological section of 5-6mm thick were
obtained al stained with Hematoxylin and Eosin routine
stain for general features identification. The following
staining using for the show the general carbohydrate
were using periodic acid Shiff (PAS) technique to I din
blue stain were using for muco boly scharide Mallory
stain was used for connective tissue (Bancroft and
Stevens, 2010).

RESULT
The present study showed The falcon stomach is
muscular organ which divided into two distinct different
structures, the first structure is the proventriculus
(Glandular stomach, Ventriculus glandularis) and the
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second structure is the ventriculus or muscular stomach
(Gizzard, Ventriculus muscularis), in which the first part
is a cranial glandular and muscular part while the second
part is a caudal muscular part which are not separated
by an isthmus or intermediate zone from each other.
Histologically: the histological sections, under light
microscopy, revealed that the wall of the stomach
(proventriculus and gizzard) is constituted by the
following layers: mucous membrane (tunica mucosa
gastris), submucosa (tela submucosa gastris), muscular
(tunica muscularis gastris) and serosa (tunica serosa).
The tunica mucosa of the proventriculus is extensively
folded separated by grooves due to the presence of welldeveloped inner longitudinal layer of the tunica
muscularis these lined with simple columnar epithelial
tissue. The submucosa is constituted by dense
connective tissue with lobules proventriculus glands.
These lobules somewhat large and elongated in shape
with narrow lumen. The proventriculus gland arranged
around central secondary with narrow lumen duct which
drains several lobules. The connective tissue in sub
mucosa was intrapted and there were blood supply of
nerve (Fig. 1A). The tunic muscularis presents an inner
layer of longitudinal disposed smooth muscular fibers
and another outer, of circulary disposed fibers. The
longitudinal layer is more developed than the circular
layer. This thick muscular layer occupies the greater part
of the thickness of the wall of the proventriculus. The
tunica serosa of the proventriculus is constituted by
connective tissue (Fig. 1B).
Gizzard: The gizzard covered with mucous
membrane (tunica mucosa) presents low folds, which
are lined by simple low columnar epithelium the tissue.
the small area of the mucous membrane of ventriculus,
which is situated at the area around the pyloric opening
only is lined with secretory product of mucosal glands,
which solidifies at the surface to form a small weak
cuticle layer while the rest of luminal surface not have
cuticle layer, in which the cuticle is sloughed and shed
small fine area and very thin membrane and highly
closely adherent to the lining surface of gizzard and it is
often green or yellow in color because of reflux of bile
pigments from the small intestine. The surface lining of
the tunica mucosa consists of low columnar cells this
cells were rounded nucleus at the blue of cells, and the
simple tubular gland that located under the tunica
mucosa followed by lamina mucosa, which is constituted
by a dense connective tissue. The lamina mucosa is
separated by a thin connective tissue, adjacent to lamina
muscularis mucosae; there is the well-developed tunica
muscularis with thick inner circular layer and outer
longitudinal layer. A submucosa is present. The tunica
serosa is constituted by connective tissue and there
were small tubular glands in compound with the
proventriculus glands the epithelia of this glands were
cuboidal cells have rounded nucleus in the basement
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membrane. The lumen of glands were irregular depend
shape of gland (Fig. 1C).

Histochemical results
Microscopic examination of the proventriculus
revealed cells in its surface lining of the mucosal folds
strongly positive to PAS as the reaction gave rise dark
purple coloration. The observed reaction was with the
granules located at the supra-nuclear area of these
cells. The connective tissue of the lamina propria, which
extended between the folds of mucosa showed
moderate reaction toward PAS. The submucosal glands
in glandular stomach were strongly reacted with such
stain. The muscularis mucosa and the walls of the blood
vessels in the submucosa showed mild to moderate
reactions. Whereas, the tunica muscularis showed mild
reaction but interspersed collagen fibers showed a
moderate reaction (Fig. 2A).
The columnar epithelial cells were positively reacted
with Toldin blue stain (acid mucopolysaccharides) in the
glandular part of the stomach. However, the lamina
propria, muscularis mucosa, walls of the blood vessels
in the submucosa and the tunica muscularis showed
mild reaction. The mucosal glands were positively
reacted to this combined stain (Fig. 3A).
The connective tissue in the lamina propria,
submucosa and in tunica muscularis showed Mallory
stain positive reaction in proventriculus (Fig. 4A).
The thin cuticle covering which was detected in the
ventriculus of falcon showed positive reaction to PAS
stain (pink color) as it present above their epithelial lining
and negative reaction with Toldin blue falcon ventriculus.
The epithelium, which lined the mucosal folds in the
mucosal layer and the secretory material within the
lumina of the glandular tubules were strong positive
reaction with PAS and Toldin stain. The connective
tissue in the lamina propria, submucosa and in tunica
muscularis showed PAS positive reaction and negative
reaction with Toldin blue in ventriculus, while the smooth
muscles fibers which constructed the tunica muscularis
reacted weakly with PAS and negatively with Toldin
stain (Figs. 2B and 3B). The connective tissue in the
lamina propria, submucosa and in tunica muscularis
showed Mallory stain positive reaction in ventriculus
(Fig. 4B)
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Fig. 1. (A). Proventriculus wall of falcon showed a. T.mucosa b: T.submucosa. connective tissue in lamina propria(black
arrows) and submucosal glands (red arrows), (B): b.T.submucosa c.T muscularis d.T serosa, (C):Gizzard of falcon
showed a. T.mucosa b. T.submucosa c. T.muscularis d. T.serosa. H&E stain 10X

Fig. 2. (A). Proventriculus wall of falcon showed a. T.mucosa(red arrow) b: T.submucosa(red arrows) and T.muscularis
(red arrows), (B): Gizzard of falcon showed a. T.mucosa (red arrows) b. T.submucosa c. T.muscularis. PAS stain 10X

Fig. 3. (A). Proventriculus wall of falcon showed a. T.mucosa(red arrow) b: T.submucosa, (B):Gizzard of falcon showed
a. T.mucosa (red arrows) b. T.submucosa. Toldin stain 10X.
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Fig. 4. (A). Proventriculus wall of falcon showed a. T.mucosa, (red arrow connective tissue) b: T.submucosa(red arrow
connective tissue) , (B):Gizzard of falcon showed a. T.mucosa (red arrows connective tissue) b. T.submucosa (red
arrows connective tissue). Mallory stain 10X.

DISCUSSION
Our histological results disclosed that the structure of
the proventricular and of the gizzard is nearly similar to
those of other birds, according to what is described by
several authors (Hodges 1974) and (Fieri 1984). So, we
could observe that the mucous membrane of the
proventriculus and of the gizzard present several folds,
as in other birds (McLelland 1979; Fieri 1984) the folds
of the gizzard are lower. In the gizzard, among several
kinds of birds, the folds of the mucosa are described as
longitudinal ((Jain 1976) in P. krameri; (Menin, David et
al. 1990) in Coragyps atratus foetens), and high ((Lima
1979) in Columba livia) but in our study in the falcon, the
folds of proventriculus in the form of elongated folds
which separated by grooves due to presence of welldeveloped thick longitudinal layer of tunica muscularis,
while the folds of gizzard in form of low fold with not
characteristic shape. (King and Mclelland 1975) and
(Bacha and Bacha 2000) reported that the mucosa of
proventriculus is thrown into folds and sulci. (Hodges
1974) agrees with that (Banks 1993) reported that the
tunica mucosa of proventriculus is extensively folded
into flattened ridges separated by grooves.
In our study the mucous membrane of falcon gizzard
is clear developed low folds, whereas (Vittoria and
Richetti 1974) noted that the gizzard of carnivorous and
garnivores birds, as composed by circular crypts which
unfolds. (Akester 1986) stated that in Gallus the elliptical
crypts may reach the shape of large and narrow fissures.
The folds of mucous membrane of the proventricular
lining epithelium of simple columnar type, which
coincides with the observations of most of the authors
((Calhoun 1954; Selander 1963). The folds of gizzard is
lining epithelium of simple prismatic type. Similar to our
observations (Rossi, Baraldi-Artoni et al. 2005) in
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partrigde, (Glerean and Katchburian 1964) describe a
high prismatic type epithelium of Gallus. (Hodges 1974)
and (Elizabeth and Fredric 2001) noted that the gastric
epithelium of proventriculus is simple columnar. (Bacha
and Bacha 2000) agree with that except that at the base
of the sulci, where it is cuboidal. (Mina, Paria et al. 2011)
in ostrich noted that it is simple columnar.
(Lima and Sasso 1985) described cuticle in owl as a
thick covering plate, lining the mucous membrane of the
gizzard, agree with (Catroxo, Lima et al., 1997) in redcapped Cardinal, (Dyce, Sack et al. 2010). In our
observation, we found that, over the small area of the
mucous membrane of gizzard, which is situated at the
area around the pyloric opening only is a small weak
cuticle layer while the rest of the luminal surface not
have cuticle membrane, in which this cuticle is sloughed
and shed small fine area and very thin membrane and
highly closely adherent to the lining surface of gizzard
and it is often green or yellow in color.
In our study the tunica muscularis of proventricular in
the falcon , found well-developed, presents an inner
layer of longitudinal muscular fibers and another outer,
of circular fibers, in which, this thick muscular layer
occupy the greater part of the thickness of proventricular
wall. In proventriculus of birds in general, the muscle
tunic as constituted by external layer of longitudinal
muscle fibers and a circular inner layer, have noted
(Calhoun 1954) . (Hodges 1974) reported that the inner
circular layer is thicker than the external longitudinal.
(Turk 1982) in owl noted that a well-developed tunica
muscularis is arranged as inner circular and outer
longitudinal layers of smooth muscle. (Denbow 2000)
noted that the outer longitudinal layer is poorly
developed or absent in parrots, waterfowl and some
passerines.
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Our result, we find the muscle tunic of gizzard is
constituted by an inner circular layer and longitudinal
arranged external layer, much developed,our results
agreed to some authors (Fieri 1984), in Nothura
maculosa, (insectivorous and granivorous bird); Rocha
in Speotyto cunicularia (carnivorous bird); (McLelland
1979; Turk 1982), in birds in general. Some
observations in Literature refer to the presence of three
layers in the muscle tunic; (Espinola and Galliussi 1990)
described three layers in the muscle tunic of gizzard of
Fulica armillata (granivorous bird). Also related the
existence of three muscular layers in the gizzard of
Uroloncha domestica (Imaizumi and Hama 1969).
Histochemical results of the proventriculus stricture
strongly positive to PAS stain These results were
comparable to those observed by Hamdi et al. (2013) in
the glandular stomach of the black-winged kite (Elanus
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caeruleus). Similarly, in the proventriculus of the quail,
Zaher et al. (2012) observed PAS-positive mucin
granules occupying the supra-nuclear area of the cells
in the surface lining epithelium of the mucosal folds.
Proventriculus results with Tolidin stain coincided well
with those observations in domestic fowl (Abumandour,
2014) and in the ducks (Shyla et al., 1992).
The results of the ventriculus stricture positive
reaction with PAS stain was similarly observed by Hamdi
et al. (2013) in the ventriculus of the black-winged kite
(Elanus caeruleus) and Selvan et al. (2008) in the
Guinea fowl (Numida meleagris). Ventriculus results
with Tolidin stain coincided well with Alcian blue stain
was similarly, observed in other birds such as Guinea
fowl (Numida meleagris) (Selvan et al., 2008).

REFERENCES
Abumandour, M.M.A., 2014. Histomophological studies on the stomach of Eurasian hobby (Falconinae: Falco
subbuteo, Linnaeus 1758) and its relation with its feeding habits. Life Sci.J., 11: 809-819.
Akester, A.R., 1986. "Structure of the glandular layer and koilin membrane in the gizzard of the adult domestic fowl
(Gallus gallus domesticus)." J. Anat. 147, 1 - 25.
Bacha, W. J., L.M., Bacha, 2000. Color atlas of veterinary histology. 2nd ed. . Philadelphia, Lippincott Williams &
Wilkins. 318p.
Bancroft, J.D. and A. Stevens, 2010. Theory and Practice of Histological Techniques. 2nd Edn., Churchill
Livingstone, New York.
Banks, W. J. (1993). Applied veterinary histology. 3rd edition. , Mosby year book. 356 - 357p.
Calhoun, M. L., 1954. Microscopic anatomy of the digestive system of the chicken, The IOWA. State College Press.
Ames, Iowa. 108p.
Catroxo, M. H., M. A. Lima, 1997. "Histological aspects of the stomach (proventriculus and gizzard) of the redcapped cardinal (Paroaria gularis gularis, Linnaeus, 1766)." Revista chilena de anatomia V. 15, N.1.
Denbow, D. M., 2000. Gastrointestinal anatomy and physiology. In Whittow GC (ed): Sturkie’s Avian Physiology,
Academic, San Diego, CA, pp 299- 325.
Duke, G.E., 1997. Gastrointestinal physiology and nutrition in wild birds. Proc. Nutr. Soc., 56: 1049-1056.
Dyce, K. M., W. O. Sack, 2010. Text book of Veterinary anatomy. fourth edition, W.B. Saunders Company,
Philadelphia, London and Toronto.
Elizabeth, A. and L. F. Fredric 2001. comparative veterinary histology with clinical correlates, Manson Publishing/
the Veterinary Press. P. 1333-134.
Espinola, L. V. and E. A. Galliussi, 1990. "Estudio anátomo-histológico del tracto digestivo de Fulica armillata
(Velellot, 1817) Aves (Gruiformes, Rallidae)." Iheringia Sér. Zool. 70, 93-108.
Fieri, W. J. 1984. Aspectos anatômicos e histológicos do tubo digestivo da codorna Nothura maculosa maculosa,
(Temminck, 1815), São Paulo, 109 pp [(Tese doutor.) Univ. Mackenzie.
Glerean, A. and E. Katchburian, 1964. "Estudo histológico e histoquímico da moela de Gallus domesticus." Rev.
Fac. Farm. Bioquim. Univ. São Paulo 2, 73-84.
Hamdi, H., A.W. El-Ghareeb, M. Zaher and F. AbuAmod, 2013. Anatomical, histological and histochemical
adaptations of the avian alimentary canal to their food habits: II-Elanus caeruleus. Int. J. Scient. Eng. Res., 4:
1355-1364.
Hassouna, E. M. A., 2001a. Some anatomical and morphometrical studies on the esophagus and stomcah in goose,
turkey, sparrow, kestrel, hoopoe, owl and darter. Assiut Vet. Med. J. Vol. 44 No. 88 (21-46)
Hodges, R. D. (1974). The histology of the fowl, pp, 47- 64. London, Academic Press INC Ltd.

4371

EurAsian Journal of BioSciences 14: 4367-4372 (2020)

Hussein et al.

Imaizumi, M. and K. Hama, 1969. "An electron microscopic study on the interstitial cells of the gizzard in the lovebird (Uroloncha domestica)." Z. Zellforch. 97, 351-357.
Jain, D. K. (1976). "Histomorphology and proteolytic activity in the gastric apparatus of frugivorous, carnivorous and
omnivorous species of birds." Acta. Biol. Acad. Sci. hung. 27, 135-145.
Kadhim, K.K., A.B.Z. Zuki, M.M. Noordin, S.M.A. Babjee and M. Zamri-Saad, 2011. Activities of amylase, trypsin
and chymotrypsin of pancreas and small intestinal contents in the red jungle fowl and broiler breed. Afr. J.
Biotechnol., 10: 108-115.
King, A. S. and J. Mclelland, 1975. Outlines of avian anatomy. Baillière Tindall, London.
Lima, M. A. I. and W. S. Sasso, 1985. "Histochemical detection of glycoproteins in the gastric epithelia of Columba
livia." Acta. Histochem 76, 145-150.
Lima, M. A. I., 1979. Estudo topoquímico das mucossubstâncias das estruturas epiteliais do trato gastroentestinal
de Columba livia, São Paulo. 52pp.
McLelland, J., 1979. Systema Digestorium. In: Baumel, J.J.; King, A.S.; Lucas, A.M.; Breazile, J.E. & Evans, H.E.
ed. Nomina Anatomica Avium. London, Academic. Press. 637pp.
Menin, E., R. C. David, 1990. "Anatomia funcional do tubo digestivo de Coragyps atratus brasiliensis." Rev. Ceres
37, 398-420.
Mina, T., P. Paria, 2011. "Histological study of proventriculus of male adult ostrich." Global Veterinaria 7 (2), 108112.
Rossi, J. R., S. M. Baraldi-Artoni, 2005. "Morphology of glandular stomach (glandularis) and muscular stomach
(muscularis) of the partrigde Rhynchotus rufescens." Ciência Rural, Santa Maria v.35, n.6, p.1319-1324, novdez.
Selander, U. 1963. "Fine structure of the oxyntic cell in the chicken proventriculus." Acta. Anat. 55, 299-310.
Selvan, P.S., S. Ushakumary and G. Ramesh, 2008. Studies on the histochemistry of theproventriculus and gizzard
of post-hatch guinea fowl (Numida meleagris). Int. J. Poult. Sci.,7: 1112-1116.
Shyla, P., P.A. Ommer and P. Lucy, 1992. Structure and post-natal development of the proventriculus in the duck.
Ind. J. Poult. Sci., 27: 10-14.
Turk, D. E. 1982. "The anatomy of the avian digestive tract as related to feed utilization. Poultry Science, v.61,
p.1225- 1244." Poultry Science 61, 1225- 1244.
Vittoria, A. and F. Richetti, 1974. "Prime ricerche istologiche comparative sull’ apparato digerente di alcuni uccelli
Atti." Soc. Ital. Sci. Vet. 27, 225-226.
Zaher, M., A.W. EL-Ghareeb, H. Hamdi and F.A. Amod, 2012. Anatomical, histological and histochemical
adaptations of the avian alimentary canal to their food habits: I-Coturnix coturnix. Life Sci. J., 9: 253-275.

www.ejobios.org

4372

