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Abstract

HIS STUDY utilized transmission electron microscopy (TEM) to examine the ultrastructure of

the digestive system in the common kestrel (Falco tinnunculus), specifically focusing on various
sections including the esophagus, proventriculus, and both small and large intestines, in relation to
dietary adaptations. It was noted that the esophageal and large intestine mucosa predominantly
contained a single type of epithelial cell. The proventricular cells' apex was distinguished by secretory
granules, while the epithelial cells' apical region featured densely arranged, elongated microvilli. The
small intestine's mucosa displayed diversity in epithelial cell types, including columnar epithelial
cells, light and dark goblet cells, and Paneth cells. Goblet cells in the small intestine showed a striated
border made of microvilli, mirroring those of columnar absorption cells, particularly evident in mature
goblet cells prior to disruption by mucous mass expansion. In conclusion: The intricate structure of
the kestrel's digestive tract and the specialized cellular makeup of its mucosal linings are intricately
adapted to their specific digestive roles.

Keywords: Oesophagus, proventriculus, intestine, common kestrel, TEM, Falco tinnunculus.

insights into the kestrel's tongue and the entrance to

Introduction its larynx. While there are detailed morphological

The European kestrel, known scientifically as Falco
tinnunculus (Linnaeus, 1758), is a raptor within the
Falconiformes order, Falconidae family, and Falco
genus. Its diet predominantly consists of small
mammals like voles and mice [1]

Research on birds of prey, such as the common
kestrel, has been sparse due to challenges in
acquiring specimens. An exception to this is a study
[2] that offered comprehensive morphological

studies of the gastrointestinal systems across various
bird species [3-7], information on the gastrointestinal
tracts of raptors is notably limited, with the exception
of a study on the Eurasian hobby's stomach [8].

Understanding a bird's nutritional ecology
necessitates a thorough knowledge of its digestive
tract's morphology [9]. Until now, there has been a
noticeable gap in literature regarding the
transmission electron microscopy (TEM) analysis of

*Corresponding author: Mustafa Shukry, E-mail.: mostafa.ataa@vet.kfs.edu.eg, Tel.:00201020705320

(Received 24/03/2024, accepted 14/06/2024)
DOI: 10.21608/EJVS.2024.278613.1950

©2025 National Information and Documentation Center (NIDOC)


mailto:mostafa.ataa@vet.kfs.edu.eg
mailto:h.hamoda76@yahoo.com

1406 MOHAMED M.A. ABUMANDOUR et al.

the common kestrel's alimentary tract. Hence, this
study seeks to explore the alimentary tract of the
common kestrel through TEM and compare these
findings to those of avian species with diverse
dietary habits and histological study about alimentary
tract and structure

Material and Methods

Samples

Ten alimentary tracts from normal adult healthy
common kestrels (F. tinnunculus) were collected
immediately after the birds were caught by a local
hunter beside the Mediterranean Sea in Damietta,
Egypt. These samples collected from common
kestrels were required to be without any alimentary
tract injuries or abnormalities[10]. This study
adhered to the ethical standards and guidelines for
the treatment and use of experimental animals as
approved by the Animal Welfare and Ethics
Committee at the Faculty of Veterinary Medicine,
Kafrelsheikh  University, in compliance with
Egyptian legislation under the approval number
KFS-IACUC/131/2021.

Gross morphology examination

Three alimentary tracts from the examined bird
were prepared for the description of the gross
morphological appearance.  Subsequently, the
morphological features were captured using a digital
camera (Cannon IXY 325, Japan). The anatomical
terminology applied in this study followed the
standards set by the Nomina Anatomica Avium
(NAA) [11]

TEM

Specimens from the alimentary tract were
immediately preserved in a 6% phosphate-buffered
glutaraldehyde solution (pH 7.4) at 4°C for six hours,
following protocols described by [12, 13]. Post-
fixation, the tissues underwent several rinses in cold
0.1 M phosphate buffer, then dehydrated in
ascending ethanol concentrations, and cleared in
propylene oxide before embedding in an epoxy
araldite mixture overnight [14]. Initial semi-thin
sections (1 mm) were stained with toluidine blue.
Ultrathin sections (60-100 nm) were prepared with a
glass knife on an L.K.B. microtome, stained with
uranyl acetate and lead citrate [14, 15], and analyzed
under a Jeol transmission electron microscope at 100
kV ~at Alexandria University's Faculty of
Science.[27].

Data Analysis

Data were gathered and analyzed using SPSS
software (version 20), with one-way ANOVA and
Duncan's multiple range tests applied to pinpoint
significant differences among the means. A p-value
below 0.05 was deemed indicative of statistical
significance.
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Results

Esophagus long and thin-walled tube (Fig. 1)
with a number of longitudinal folds that allow for a
highly distensible character, thereby permitting the
swallowing of large food particles. The oesophagus
extended from the oropharynx to the proventricular
part of the stomach without crop. The oesophagus
was split up into two clear parts, the cervical and
thoracic parts (Fig. 1). The cervical part began in the
midline dorsal oesophagus to the trachea and then
deviated to the right side, while the thoracic part
began at the thoracic inlet and then returned to its
dorsal position at the level of the 2nd rib. There are
many mucous glands that lubricate food particles to
aid in their passage to the stomach, which is clear
from the observation of several dense secretory
granules (Fig. 2).

The stomach, depicted in Figure 1, is an
expanded muscular pouch within the digestive tract,
segmented into two unique sections: the forward
(cranial) section, known as the proventriculus or
glandular part, and the rear (caudal) section, referred
to as the ventriculus or muscular part, commonly
known as the gizzard part. The two chambers were
not separated from each other by an isthmus or
intermediate zone. The transmission electron
microscopic examinations of the proventricular cells
show that the basal part of the proventricular
mucosal cells have numerous rough endoplasmic
reticula, which were surrounded by numerous round
mitochondria and an oval nucleus (Fig. 3 and 4A),
while the apical part of the cell was characterized by
the presence of numerous round secretory granules
(Fig. 3 and 4B).

The small intestine, illustrated in Figure 1,
extends as a lengthy tube and is segmented into three
regions: the duodenum, jejunum, and ileum.
Characteristically, the duodenum forms a U-shaped
structure comprised of two loops - an upper
descending loop and a lower ascending loop. The
transmission electron microscopic examinations of
the small intestine make clear that there are different
types of cells, namely, intestinal epithelial cells, dark
and light goblet cells and Paneth cells (Fig. 5A). The
oval-shaped Paneth cells have several secretory
granules in their cytoplasm and are surrounded by
numerous mitochondria (Fig. 5B and 6). The apical
part of the intestinal epithelial cells contained
microvilli with junctional complexes (Fig. 7 and 8).

Discussion

Reviews of the alimentary tract morphology
across bird species reveal a link between avian
structure and ecological behavior, including diet,
feeding habits, and nutritional modes [8, 16-18].
Birds show significant specialization in their
digestive tracts, indicative of evolutionary
adaptation [19].
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Avian stomachs typically feature two main
sections: the proventriculus (glandular) and the
ventriculus (muscular, also known as the gizzard),
seen across various bird species. The division
between these chambers does not depend on food
type [8, 20-24]. It has been noted [25] that avian
stomachs can have a third, the pyloric part, though it
is smaller in domestic birds. An isthmus area, located
between the proventriculus and ventriculus, has been
identified [6, 26-29], but was absent in some birds,
including the cattle egret, ibis, and Eurasian hobby,
as found in this study and in [8, 30, 31].

The crop is generally present in most bird species
[4, 32-34], though it is often missing in carnivorous
birds, as observed in this research and in [8].
Similarly, a lack of a caecum was noted both in this
work and in [34, 35].

This investigation found several mitochondria
and secretory granules in the alimentary tract
samples, aligning with findings in the spur-thighed
tortoise Testudo graeca, which also showed
numerous mucous granules and mitochondria [36].

TEM analysis of the proventriculus revealed
numerous rough endoplasmic reticula and round
mitochondria surrounding an oval nucleus in the
basal part of mucosal cells, while the apical part
contained many secretory granules. This contrasts
with findings that the basal plasmalemma's
infoldings contain chief cells without secretory
granules, differing from this study's results and those
in [37, 38]. Reports on the chief cells of the spur-
thighed tortoise highlighted similar mucous granules
[36]. The proventriculus's glandular epithelium,
composed of simple cuboidal exocrine cells,
including oxyntico-peptic cells secreting
hydrochloric acid and pepsinogen, was noted in
various animals, showcasing adaptations to their
feeding styles[39, 40].

The small intestine's TEM examinations revealed
diverse cell types, such as epithelial cells and goblet
cells, mirroring observations in [16, 18, 41]. Goblet
cells, essential for mucus production, aid in digesta
movement and protect the mucosal surface,
corroborating findings by [42-44]. Paneth cells, first
described as pyramidal [40] and noted here as oval

with numerous secretory granules surrounded by
mitochondria, align with descriptions in [45, 46].

The small intestinal epithelial cells' apical part,
containing many microvilli and junctional
complexes, was similar to observations in[16-18,
41], and matches reports on absorptive cells'
microvilli [36].

The large intestine's TEM examinations showed
epithelial cells with numerous microvilli,
mitochondria, and multivesicular bodies, in line with
observations by [41], while mucous granules and
mitochondria were also noted in the apical cells, and
the nucleus and rough endoplasmic reticula in the
basal part, as reported in [36].

This study's findings on microvilli and junctional
complexes in the apical part of intestinal epithelial
cells highlight a morphological basis for
macromolecule  absorption,  consistent  with
observations in the great horned owl [47].
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Fig. 1. Macrograph of the gastrointestinal tract of the common Kestrel (Falco tinnunculus) showing oesophagus (Eo),
proventriculus (Pr), gizzard (Gi), descending limb of the duodenum (Dd), ascending limb of the duodenum
(Da), jejunum (Je), ilium (Iu), colon (co), rectum (R) and cloaca (CL).

500 nm gl

Fig. 2. Transmission electron micrograph of the oesophageal epithelial absorptive cell of the common kestrel (Falco
tinnunculus) showing several mitochondria (M) and several dense secretory granules (black head arrows).

Fig. 3. Transmission electron micrograph of the proventricular mucosal cells of the common kestrel (Falco

tinnunculus) showing numerous electron-
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Fig.4. Transmission electron micrograph of the proventricular mucosal cells of the common kestrel (Falco
tinnunculus):View (A), showing endoplasmic reticulum (ER) and the nucleus (N) in the basal part of the cell,

and View (B), showing several secretory granules (S) in the apical part of the cell. dense secretory granules (S),
nuclei (N) and endoplasmic reticula (ER).

Fig. 5. Transmission electron micrograph of the small intestinal epithelial cells of the common kestrel (Falco

tinnunculus) showing different types of cells, namely, intestinal mucosal cells (IMC), dark ((dgc) and light
(Lgc) goblet cells and Paneth cells (PC).

500 nm

Fig. 6. Transmission electron micrograph of the small intestine of the common kestrel (Falco tinnunculus) showing an
oval-shaped Paneth cell containing several secretory granules (SG) in the cytoplasm, a round nucleus (N) with

its nucleolus (ne) and rough endoplasmic reticulum (R). The oval-shaped Paneth cell is surrounded by several
mitochondria (M).
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Fig. 8. Transmission electron micrograph of the large intestinal epithelial cells of the common kestrel (Falco
tinnunculus) showing microvilli (MV), mitochondria (M) and multivesicular bodies (MB).

References 5. McLelland, J. Digestive system, In Form and

Function in Birds (ed. King, A.S., McLelland, J).

1. Del Hoyo, J., Elliott, A., Sargatal, J. Handbook of the K . .
Birds of the World (Vol. 1-16). Barcelona: Lynx London: Academic Press. pp: 69181 1979.
Edictions, 2001. 2004. Nickel, R., Schummer, A. and Seiferle, E. Anatomy
2. Abumandour, MM.A. and El-Bakary, N.ER. (\))5 .the Domestic Birds. Translation by.Siller, W.G.,
. ight, P.A.L. Verlag Paul Parey, Berlin. Hamburg.
Morphological features of the tongue and laryngeal 1977
entrance in two predatory birds with similar feeding ’
preferences: common kestrel (Falco tinnunculus) and El-Banhawy, M., Bishay, D.W., Zaki, K. and Abdel-
Hume’s tawny owl (Strix butleri). Anatomical Magied, E.M. A comparative histochemical study on
Science International, 92(3), 352-363(2017). the proventriculus and ileum of two birds with
. L different feeding habits. Journal of the Egyptian
3. Ziswiler, V. and Farner, D.S. Digestion and the .
digestive system. In: Farner, D.S., King, J.R., Parkes, German Society Zoology, 11, 155-174(1993).
K.C. (Eds.), Avian Biology. Academic Press, New Abumandour, M.M.A. Histomorphological studies
York, USA, pp.344-354, in Veterinary Medicine on the stomach of Eurasian Hobby (Falconinae:
International, 1972. Falco subbuteo, Linnaeus 1758) and its relation with
4. McLelland, J. Aves digestive system. In Getty, R., its feeding habits. Life Science Journal, 11(7),809-

Sisson and Grossman's The Anatomy of the
Domestic Animals. 5th edition. Vol. II. W.B.
Saunders Company. Philadelphia, London, Toronto.
1975.

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)

819. (2014).

Martinez del Rio, C., Cork, S.J. and Karasov, W.H.
Modelling gut function: an introduction. In: The
Digestive System in Mammals — Food, Form and



ULTRASTRUCTURAL STUDY OF THE DIGESTIVE SYSTEM IN THE COMMON KESTREL ...

1411

10.

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

Function (Chivers, D.J., Langer, P., eds). Cambridge:
Cambridge University Press, pp. 25-53. 1994.

Saadi, B.S., Mohammed, Y.A. and Mohammed, Z.A.
Histomorphometrical and Histochemical Seasonal
Variations in the Epididymis of Meriz in Kurdistan
Region of Iraq. Egypt. J. Vet. Sci., 55, 1837-1855.
(2024).

Baumel, J.J., King, A.S., Breazile, J.E., Evans, H.E.
and Vanden Berge, J.C. Handbook of avian anatomy:
Nomina Anatomica Avium. 2nd ed. 1993,
Cambridge: Nuttall Ornithological Club. 779p.

McDowell, E. and Trump, B. Histologic fixatives
suitable for diagnostic light and electron microscopy.
Archives of Pathology & Laboratory Medicine, 100
(8), 405-414(1976).

Ajeigbe, S.0., Muazu, T.A. and Nzalak, J.O.
Histomorphological Study of The Pons and Medulla
Oblongata of African Striped Group Squirrel (Xerus
erythropus). Egyptian Journal of Veterinary
Sciences, 52(3), 361-372(2021).

Hayat, M. Basic Techniques for Transmission
Electron Microscopy. 2™ ed., Academic Press,
Baltimore. 1986.

Abdulkhalek, A.S. Comparative Morphohistological
Study of Pancreatic Ducts in Rabbits and Guinea

Pigs. Egyptian Journal of Veterinary Sciences,
52(2),139-146(2021).

Bayer, R.C., Chawan, C.B. and Duke, G.E.
Characterization of the Intestinal Mucosa of the
Great Horned Owl (Bubo virginianus) by Electron
Microscopy.  Transactions of the American
Microscopical Society, 86-91(1977).

Bayer, R., Duke, G.E. and Gannon, JR.
Characteristics of the absorptive surface of the small
intestine of the chicken from 1 day to 14 weeks of
age. Poultry Science, 54(1), 155-169(1975).

. Turk, D. The anatomy of the avian digestive tract as

related to feed utilization. Poultry Science, 61(7),
1225-1244(1982).

. Junqueira, L.C. and Carneiro, J. Basic histology text

and atlas. London: McGraw Hill, 2005.

Takiguchi, K., Yasugi, S. and Mizuno, T.
Developmental changes in the ability to express
embryonic pepsinogen in the stomach epithelia of
chick embryos. Roux's Archives of Developmental
Biology, 197(1), 56-62(1988).

Liman, N., Alan, E. and Kiigiik Bayram, G. The
differences between the localizations of MUCI,
MUCS5AC, MUC6 and osteopontin in quail
proventriculus and gizzard may be a reflection of
functional differences of stomach parts. Journal of
Anatomy, 217(1), 57-66(2010).

Catroxo, M.H., Lima, M.A. and Cappellaro, C.E.
Histological aspects of the stomach (proventriculus
and gizzard) of the red-capped cardinal (Paroaria
gularis gularis, Linnaeus, 1766). Revista Chilena de
Anatomia, 15(1),13-15 (1997).

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nazan, G.I., Gulsun, P. and Kifayet, O.K. Anatomic
Investigations on Digestive System of Marmara
region sea gulls. Journal of Animal and Veterinary
Advances, 9 (12),1757-1760(2010).

Rocha, D.O.S. and De Lima, M.A.I Histological
aspects of the stomach of burrowing owl (Speotyto
cunicularia, Molina, 1782). Rev. Chil. Anat., 16(2),
191-197(1998).

Hodges, R.D. The histology of the fowl, pp: 47- 64.
London: Academic Press INC Ltd. 1974.

Rossi, J.R., Prestes, N.C., Sobestiansky, J., Silva,
M.AM. and Ferreira, A.W.P. Morphology of
glandular stomach (glandularis) and muscular
stomach (muscularis) of the partridge Rhynchotus
rufescens. Ciéncia Rural, Santa Maria, 35(6),1319-
1324(2005).

Hassouna, E.M.A. Some anatomical and
morphometrical studies on the esophagus and
stomach in goose, turkey, sparrow, kestrel, hoopoe,
owl, and darter. Assiut Vet. Med. J., 44 (88 ), 21-
46(2001).

Dyce, K.M., Sack, W.O. and Wensing, C.J.G.
Textbook of Veterinary Anatomy. Saunders,
Philadelphia. 2002.

King, A.S. and McLelland, J. Outlines of Avian
Anatomy. Bailliére Tindall, London. 1975.

Salem, A.O. and Yousria, A.A.-R. Comparative
morphometrical and scanning electron microscopical
studies on the glandular stomach of the chicken
(Gallus domesticus), pigeon (Columbia Livia), duck
(Anas Domesticus) and cattle egret (Bubulcus Ibis).
Assiut Vet. Med. J., 44 (87),35-53(2000).

El-Ghazali, H.M. Some morphological studies on the
stomach of some birds. M. V. Sc., Zagazig
University. Ph. D. in Anatomy and Embryology
Department, Faculty of Veterinary Medicine (2008).

Rossa, E. Anatomy of the Chicken and Domestic
Birds. Edited and Translated from German by, Skold,
B.H., Devries, L. The lowa State University Press
Ames, lowa. 1973.

Dyce, K.M., Sack, W.O. and Wensing, C.J.G.
Textbook of Veterinary Anatomy. 2010: W.B.
Saunders Company, Philadelphia, London, and
Toronto.

Aizawa, J., Ushiki, T., Koyama, H., Tanaka, S. and
Harada, H. Gross Anatomical Features of the
Gastrointestinal Tract (GIT) of Blue-and-Yellow
Macaws (Ara ararauna)-Oesophagus to Cloaca.
Anatomia, Histologia, Embryologia, 42(6),432-437
(2013).

Matsumoto, F.S., Peres, J.A., Braga, F.M.S. and
Vicentini, C.A. Topografia e morfologia das visceras
do periquito-australiano (Melopsittacus undulatus,
Shaw 1805). Ciéncia Animal Brasileira, 10(4), 1263-
1270 (2009).

Perez-Tomas, R., Ramis, A., Mercadal, J. and Picazo,
J. Histochemical and ultrastructural study of the
digestive tract of the tortoise Testudo graeca

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)



1412

MOHAMED M.A. ABUMANDOUR et al.

37.

38.

39.

40.

41.

(Testudines). Journal of Morphology, 204(3),235-
245. (1990).

Hodges, R.D. The histology of the fowl. Veterinary
Medicine International. 1974.

Menzies, G. and Fisk, A. Observations on the
oxyntico-peptic cells in the proventricular mucosa of
Gallus domesticus. Journal of Cell Science, 3(66),
207-215(1963).

Rebolledo, I.M. and Vial, J.D. Fine structure of the
oxynticopeptic cell in the gastric glands of an
elasmobranch species (Halaelurus chilensis). The
Anatomical Record, 193(4), 805-821(1979).

Ota, H., Katsuyama, T., Akamatsu, T., Nakayama, H.
and Ushiki, T. New monoclonal antibodies against

42.

43.

44.

45.

Specian, R.D. and Oliver, M.G. Functional biology
of intestinal goblet cells. American Journal of
Physiology-Cell  Physiology, 260(2),C183-C193
(1991).

Montagne, L., Piel, C. and Lalles, J. Effect of diet on
mucin kinetics and composition: nutrition and health
implications. Nutrition Reviews, 62(3), 105-114
(2004).

Plaisancié, P. Impact of nutrients on the functioning
of intestinal goblet cells: health and therapeutic
perspectives. Current Nutrition & Food Science,
2(4), 399-408(2006).

Toner, P.G. Cytology of intestinal epithelial cells.
International Review of Cytology, 24, 233-
343(1968).

Sandow, M., Whitehead, R. The Paneth cell. Gut,

gastric gland mucous cell-type mucins: a

comparative immunohistochemical study. 46.

Histochemistry and Cell Biology, 110(2), 113- 20(5), 420-431(1979).
119(1998).

Rahimi, S., Tabeidian, S.A., Toghyani, M., Shivazad,
M. and Gheisari, A. Effect of a direct-fed microbial
(Primalac) on structure and ultrastructure of small
intestine in turkey poults. Poultry Science, 88(3),
491-503 (2009).

47.

Dongen, J.V., Van Noorden, S., Moorman, A.F.M.
and Charles, R. The relation between cell
proliferation, differentiation, and ultrastructural
development in rat intestinal epithelium. Cell and
Tissue Research, 174(2), 183-197(1976).

(Falco tinnunculus) L&l cpaldd) 8 el jlgall 48841 cus) a1 du )

Sl daalTBagan ajla AR JlaS clag) ¢ #S LS Gl ¢ 237108 g 1 gata gl e deaa

ll‘é‘)szd‘ o#"wém ] alaa ¢ 9‘5‘)&2#@

Sy s sl el IS A ey o 5450 !

e gl 33517 - goadll i Anals - g laud) Calall AIS LY Ale 5 il a2
7730103 52 sl - e Aleiall s o) il 5 o slall s sl -5kl alall 2 Aaula) 2 slad) o slall and?

. pas -Unids Unila Aealas  glall B0S ) goall ale audi

A sl Ly pal) ASLadll -l )y Amela - ladl 5 la Y ALK plaY) 2 S

e Ly g Anala 1 k) Qi AS &Yl Gle 5 oo ) aud 6
E-mail: h.hamoda76@yahoo.com. s - sssl-0f sasf aala -5 ylanll alall 408 - 2iaY) ale 5y paill and”?
e =) sad -l gl Raalas g sland) Qlall IS a5 AN s B
e gl € 33511 gl i€ Asals —g pland) Calall A4S plime Y Caills  auid
S el S Aala gl olal) 2 oa o gandll 2l (5 S8 ibaan il jall Cilall ean (ol sul () gl Amala caslall S () gl Gle and 10

. (mostafa.ataa@vet.kfs.edu.eg). »as 33516 Fuill
+ e — alaes Arala - lall IS ) guall ale aud

oaldiand)

ALl alall b emgll Sleall 88a) o) il Gasil (TEM) S G Sy jeme dusd,ll o34 Croriin
elea¥ 5 dandl sazall g ogoall ellh b L e st °‘?"i Sle pald Ké 3K 5l e ¢(Falco tinnunculus)
ety S (o 5ia 5 Sl elaal 5 oo pall Alalia of Jan gl 400080 Gl Bl & by bl g 5 jnal
LAY el Aaaiall & jaa Lk e 3)8) Sl Lal) Baaal) LA A 08 A el LAY e aals g 58 e
Las iy ledall LAl ¢ 15l b e 55 puall elaat) dudalie <o jelal Al sha s A8USH 2 s Gy jene claals &y ledal)
elaal 8 i) DA @ pelal Canly LAy iSIall 5 dasldl) caly gall LA 5 ¢ sandl B ledall LAY ey b
Lol 5 @l (S 5 ¢ garl Gabiaie¥) LA 853 5 sall @l 4055 iy jeae olial e 0 5S5 Ualaia Tas 5yl
Sinal) paagll Sleall S i alial) b Ll B 58 Gy Lelland J daalill il i) LSS b alas UK

ol fpaagll ) o) e Ay (oSl dpkalaal) 4l Gaadiall g sl CuS il 5 il

s si S C (y5 SIY) e catball (Ll colaay) sl amall cocs yall shpalibal) cilalSl)

Egypt. J. Vet. Sci. Vol. 56, No. 7 (2025)


mailto:h.hamoda76@yahoo.com
mailto:mostafa.ataa@vet.kfs.edu.eg

