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This work aims to study the effect of seasonal variations on anatomical, histological, 

and histochemical structures of the digestive tract of Egyptian rock dove (Columba 

livia). The digestive tract of rock dove consists of oesophagus, crop, stomach, small and 

large intestine. The regions of the digestive tract of rock dove differ from each other in 

the type of lining epithelium, the shape of folds formed by these epithelium, the 

distribution of glands within their layers, finally the thickness of these layers. The 

oesophagealmucosa is composed of keratinized squamous epithelium which appears 

thicker in the crop. This epithelium becomes more compressed and converts into simple 

columnar and cuboidal epithelium to line the glandular and muscular stomach 

respectively. This simple columnar epithelium also is lining the small and large 

intestine, caeca and cloaca. Most glands and the goblet cells that are distributed among 

the mucosa of different regions of the digestive tract indicate the presence of acid and 

neutral mucopolysaccharide secretions while proteins are observed in the different 

regions of the digestive tract. The hisomorphometrical studies of the digestive tract of 

the rock dove during the summer and winter seasons show no significant changes on 

the morphological and histochemical levels of the digestive tract except the oesophagus 

region. The present results confirmed that the Egyptian rock dove as a resident bird 

doesn't often have to face environmental changes. 

Keywords: digestive tract ,  histomorphometrical,  rock dove , seasonal 

Introduction 

       The digestive tract of the birds has some unique aspects because the 

birds are one of animals lack the teeth and ability to chew. The birds have 

different strategies to cope with these characteristics by possessing many 

tools which help in manipulation and digestion their food, such as some bird 
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species possess sharp beaks as in raptor birds. These species using their beaks 

in cutting the prey to small pieces that facilitate in the swallowing process 

and also the digestion one. Some other species that feed on hard food and 

grains, the digestive tract exhibit unique modifications like appear special 

storage chamber (crop) in which the food lubricate and partially digest before 

reach to the stomach, furthermore, the muscular stomach includes stone 

granules. the structure of  avian's muscular stomach with the presence of 

stone granules act as  crashing machine play important role in partially 

digestion of these hard substances (Kadhim et al,2011).   

       Thus, the gastrointestinal tract is a suitable system to study matches 

between loads and capacities because it is one of the major interfaces 

between the organism and its environment (Battley and Piersma, 2005). 

Several previous studies confirmed that the gastrointestinal tract of birds 

show great diversity according to their respective feeding and dietary habits. 

The knowledge of the morphology of the alimentary tract in birds has been 

conducted on many avian species, especially on fowl (Martinez et al., 2000; 

Rossi et al., 2005; Selvan et al., 2008; Ma, 2009; Kadhim et al., 2011), 

Elanus caeruleus (Hamdi et al., 2013), migrating blackcaps (Karasov , 2004) 

and on pigeon and Japanese quails (Hena et al., 2012).                                                                                                               

     The avian gastrointestinal tract has a large number of organs. The precise 

anatomic plan of the digestive tract of birds varies somewhat depending on 

their typical diet.                                                                        

      Many bird species exposed to changes in habitat, diet, energy demand or 

climate during the year, all of which may influence digestive morphology. 

Digestive system can be large and metabolically highly active and therefore 

energetically expensive (Klasing, 1999; Secor, 2001; Dietz and Piersma, 

2007).Thermogenesis and adjustment of energy intake are important for the 

survival of winter-particularly active birds in their natural environment 

(O‟Connor, 1995; Yuni and Rose, 2005). 

      Rock dove belongs to family Columbidae (granivor0us bird) does not 

require complex foraging skills but must forage intensively (Soldatini et al., 

2006; Silva and Medeiros, 2008). The habitat of rock dove is in temperate 

zones restricted in western and southern Europe, North Africa, and South 

Asia (Gibbs et al., 2010). 
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      Temperature is an important environmental condition for seasonal 

acclimatization in birds (McKechnie et al., 2007; Swanson, 2001; Tieleman 

et al., 2003 and Vézina et al., 2006). High ambient temperature in Egypt 

during the summer season generates 

a status of stress and causes a combination of behavioral, biochemical, and 

physiological changes on rock dove (Faisal et al.,2008 ) ; among these 

changes, there are less time of feeding, more time of drinking (Mack et 

al.,2013),that increased agonistic behavior (Bozakova, 2008) and decreased 

feed intake resulting in decreased body weight(Mujahid et al., 

2009).Moreover low-temperature stress during winter in temperate zones 

may induce an increase in energy consumed during a season of generally 

decreased food availability (Krams et al., 2010) and this change may be 

triggered also by environmental factors such as photo period, and diet quality 

and/or quantity (Starck, 1996 and 1999; Boon et al., 2000; Klaassen et al., 

2004). Many birds have a variety of strategies to cope with low temperature 

stress, such as increasing body mass, food intake and thermogenesis 

(Bednekoff et al., 1994; Goymann et al., 2006; Krams et al., 2010; Webster 

and Weathers, 2000; Williams and Tieleman, 2000 and Swanson, 2001).  

     However the purpose of this study to determine the effect of seasonal 

variations on the gross, morphometrical, histomorphometrical and 

histochemical evaluation of the different regions of digestive tract of the 

Egyptian rock dove. The knowledge gained here will be used for setting up a 

reference/baseline for the digestive tract of this bird. 

Materials and Methods 

      Healthy ten specimens of the rock dove, Columba livia, family 

Columbidae, order Columbiformes, trapped a live from Abo-Rawash area 

(Giza- Egypt) at summer and winter seasons. The specimens were dissected 

carefully in compliance with guidelines of the research ethics committees, 

Assuit University (www.enrec.org) For gross anatomy, making a longitudinal 

incision at the mid-ventral line of body to clarified the digestive system then 

taken the photos by digital camera (The Canon EOS 4000D ). Body length, 

that measured from the tip of the beak to the end of the rump were measured 

with a tape measure. The position and relation of the digestive tract were 

examined in situ following a mid-ventral incision. After being removed from 

the body cavity and cleaned by saline and fixed in 10% neutral buffered 

formalin. The length of the digestive tract and its segments was measured; 
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the different measurements of the digestive tract of bird in each season were 

measured separately.                                                                 

     For Scanning Electron Microscopic investigations (SEM) the digestive 

tract were cut to small pieces, and directly fixed in 5% glutraldehyde in a 

cacodylate buffer for at least 48 hrs.  

The specimens were mounted and sputter-coated with gold and examined 

under A Jeol Scanning Electron Microscope (JSM-5400LV), at 15Kv.                                                                   

     For histological study, the contents of the digestive tract were drained by 

saline solution; small pieces of the various segments were fixed in neutral 

formalin solution, after fixation, dehydrated, embedded in paraffin wax and 

then transversely sectioned 6μ thick.  Sections were stained with differential 

double stained haemotoxylin and eosin, Masson's trichrome stain technique 

(Drury and Wallington, 1980).                                                                                         

    For histotochemical detection of mucopolysaccharides and proteins, the 

following staining procedures were employed: Periodic Acid Schiff's 

technique (PAS), Alcian blue (pH 2.5) – PAS technique, Alcian blue (pH 2.5) 

technique for acid mucosubstances and mercuric bromophenol- blue 

technique (Bancroft and Stevens, 1996). 

      For hitomorphometric analysis of the rock dove digestive tract in the two 

different seasons; the thickness of tissue layers of the oesophagus, crop, 

proventriculus, ventriculus, duodenum, ileum, rectum, cloaca, and caeca of 

the rock dove measured with an Olympus microscope and the results were 

shown as Mean ±SE for each digestive tract parts. The statistical analysis was 

done by using statistical Package for Social Science (SPSS) system version 

23. The significance of differences between seasons was determined using 

Student‟s t-test. The level of significance was accepted under level 

probability (P˂ 0.05).                                                                         

Results              

     The digestive tract of the rock dove (Columba livia) consists of 

oesophagus, crop, stomach (proventriculus and gizzard), small intestine 

(duodenum and ileum), large intestine (short caeca, rectum) and cloaca (Figs. 

2 a, 3 & 4).                                                                                                     

     Histologically, the wall of digestive tract of the rock dove consists of four 

functional tunicae; mucosa, submucosa, musculosa and the outermost serosa, 

in addition, the muscularis mucosa appears in some parts of the digestive 

tract. 
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      Morphometrically, The average length of the rock dove's body at summer 

season is (23.4± 2.2cm)  and at winter season is (23.4±2 cm), while the 

average length of the rock dove's digestive tract at summer season is (16.6 

±0.9 cm)  and at winter season is (21.2±1.9cm) (Fig. 79).                                                                   

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. A photograph of the rock dove Columba livia. 

Fig.2a. Dissected alimentary tract of Columba livia showing  thoracic portion of oesophagus 

(Tpo), proventriculus (Pro),ventriculus (V), duodenum (DU) , ilieum (IL) and isthmus (white 

arrow) .b. Photograph of the dissected stomach of Columba livia showing the interior surface 

of the proventriculus (Pro), ventriculus (V) and the koiline membrane (arrow). 

Fig. 3. Drawing of an isolated alimentary tract of Columba livia showing the cervical part of 

oeosphagus (Cpo),crop (Cr) thoracic part of oesophagus (Tpo), proventriculus (Pro), 
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ventrculus (V),duodenum (DU), isthmus (IS), the cone –shaped of spiral coils of the ilieum 

and jejunum (IL+JE) ,cloaca (CL) vent (Ve). 

Fig. 4. Drawing of an isolated alimentary tract of Columba livia showing its different 

segments ,cervical part of oeosphagus (Cpo), crop (Cr) , thoracic part of oesophagus (Tpo), 

proventriculus (Pro), ventriculus (V),isthmus (IS) ,duodenum (DU), ilieum (IL), jejunum 

(JE) ,caeca (Cae) ,rectum (Re) and vent (Ve). 

Fig.5.Drawing of enlarged portion of cloaca (CL) and rectum (Re) of Columba livia. 

Fig.6.Photograph of dissected cloaca of Columba livia showing the interior surface of cloaca 

and its chambers coprodeum(COP),urodeum(U) , proctodeum (PR) and rectum.  

Fig.7.Drawing of interior surface of cloaca of Columba livia showing coprodeum (COP), 

proctodeum(PR) , urodeum (U) and (Re). 

 

The oesophagus 

       The oesophagus located on the right side of the neck, dorsal to 

the trachea and extends from oropharynx to the proventriculus (Figs. 

2 a  & 3). The anatomical investigation of the oesophagus of rock 

dove consists of three parts the cervical, crop and thoracic parts. The 

cervical oesophagus extends from the oropharynx to the thorax and 

its wall enlarges posteriorly to form the crop which anatomically 

located dorsal to the larynx and trachea (Figs.2 a, 3 & 4)                     

                                                                                                               

       The scanning electron microscopic investigation of the interior surface of 

the cervical oesophagus shows well demarcated longitudinal folds (Figs. 

8a&b). While  the crop exhibits presence of few folds with shallow and wide 

waves (Figs. 10a  & b) and the longitudinal folds of the internal  surface of  

the  thoracic  oesophagus  appear  less deep  than  that of  the  cervical 

oesophagus  with larger space ( Figs. 12 a & b), as well as,  the  appearance 

of numerous orifices of  the oesophageal  glands ( Figs. 12a ,b).                                                                                  

       Histologically, the three regions of the oesophagus differ from each 

other; the differences represented by the number of the folds, the height of 

these folds, the presence of the oesophageal glands, the number of these 

glands and then the thickness of the layers. The results show that the folds in 

the cervical oesophagus appear as a finger-like shape (Fig. 9a). 

      While the crop folds are few, shallow with a wide waves (Figs. 11a&b). 

meanwhile, the folds of the thoracic portion appear as a leaf- like, but these 
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folds appear less and wider than those of the cervical one , as well as, that 

invaded with a flask-like compound alveolar glands (Figs. 13a&b).  

      The oesophageal folds are lined by keratinized stratified squamous 

epithelium which thicker in the crop. The sub mucosa consists of dense 

collagenous connective tissue incubating the oesophageal glands (in the 

thoracic portion only), lymph and blood vessels. The muscularis mucosa is 

located between the mucosa and submucosa. The muscularis externa consists 

in the cervical oesophagus of inner longitudinal and outer circular muscle 

fibers separated by connective tissue while in the crop is thicker than that of 

the cervical oesophagus and it consists of a well-developed outer longitudinal 

smooth muscle layer and inner circular smooth muscle fibers, notably, the 

outer longitudinal layer is the biggest and in the thoracic oesophagus the 

muscularis externa is bigger than that of the two previous portions and it is 

composed of inner thin circular smooth muscles and outer thick longitudinal 

smooth muscle fibers. The serosa is composed of thin layer of fibrous 

connective tissue containing blood vessels (Figs. 9a, b, 11a, b&13a, b). 

      Histochemically, the oesophageal glands are composed of mucoid alveoli; 

these glands exhibit strong-PAS reaction and also exhibit marked 

Alcianophilia at PH 2.5 (Figs. 37, 38&39). Moreover, the oesophagus of the 

rock dove reveals the presence of an exaggerated amount of protein elements 

when stained with mercuric bromophenol blue. These protein contents fill the 

cytoplasm of its stratified squamous epithelium, the muscular layer and the 

lamina properia (Figs. 32&36). On the other hand, the oesophageal glands 

exhibit a negative response to the bromophenol blue (Fig. 40).                                                                                                                               

       Morphometrically, at summer season, the average length of oesophagus 

is (9.25 ± 0.7582cm) while at winter season is (9.83 ± 0.7527cm) (Fig. 79).  

       Histomorphometric study of the layers of the cervical region of the 

oesophagus exhibit the average thickness of muscularis is (373.4283± 

135.45769µm) at summer season and is (697.2650±196.97130µm) at winter 

season, the average thickness of mucosa is (568.6950 ±130.83410µm) at 

summer season, and is (281.9133±130.94078µm) at winter season and the 

average thickness of epithelium is (70.1933±13.72274µm) at summer season, 

and is (114.8683±28.20301µm) at winter season. Changes in thickness 

between layers muscularis, mucosa and epithelium, are significant at summer 
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season compared to winter season; (T = -3.318, P = 0.008), (T = 3.795, P = 

0.004), and (T = -3.489, P = 0.006) (Fig. 69). 

      Meanwhile, the crop showing that the average thickness of muscularis is 

(466.165±149.1484µm) at summer season, and is (438.728±224.639µm) at 

winter season, the average thickness of mucosa is (515.0917±181.332µm) at 

summer season, and is (858.0367±205.982µm) at winter season and the 

average thickness of epithelium at summer season is (187.1017± 

30.26579µm), and at winter season is (96.17±27.05055µm) .Changes in 

thickness between layers muscularis, mucosa and epithelium, in crop are not 

significant at summer season compared to winter season; (T= 0.249, P= 

0.808), (T= 1.402, P = 0.191), but it change significantly  in the epithelial 

layer in winter season than in summer season; (T= 5.487, P = 0.000) (Fig. 

70). 

     While, the thoracic oesophagus showing that the average thickness of 

muscularis is (416.7633±184.4871µm) at summer season, and is 

(285.41±41.83017µm) at winter season, the average thickness of mucosa 

(with oesphageal glands) is (762.8783±159.7866µm) at summer season, and 

is (822.4883±95.7148µm) at winter season and the average thickness of 

epithelium at summer season is (255.5571±65.798µm), and at winter season 

is (429.300±167.094µm). Changes in thickness between layers muscularis, 

and mucosa are not significant at summer season compared to winter season; 

(T= 1.701, P= 0.144), (T= - 0.784, P = 0.451), but epithelial layer change 

significantly in winter season than summer season; (T= -2.584.P = 0.025) 

(Fig. 71). 

The stomach 

     The stomach of rock dove consists of two chambers; the glandular 

stomach or proventriculus and the muscular stomach, or ventriculus (gizzard) 

situated in the left median part of the abdominal cavity. The proventriculus 

appears as a fusiform -shape separated from the gizzard by isthmus.  The 

gizzard is lined by yellowish-green tissue and contains irregular pleated of 

longitudinal folds (koilin).The anatomical observation reveals the presence of 

grits inside the gizzard (Figs. 2a, b, 3&4).          
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Fig. 8a. Scanning electron micrographs of the cervical oesophagous of Columba livia 

showing the longitudinal folds (arrows) with deciduous cell (arrowheads). b. High 

magnification of Fig. 8a, showing the deciduous epithelium of the oesophagus (arrowhead) 

and the folds of the oesophagus (arrows). 

Fig. 9a. Transverse section of the cervical oesophagus showing serosa (S), musculosa (M), 

mucosa (MU), lumen (LU) and submucosa(SM). b. Enlarged portion of a transverse section 

of the cervical oesophagus showing the stratified squamous epithelium forming the mucosa 

(MU). Trichrome stain 

Fig. 10a. Scanning electron micrographs of crop showing the longitudinal shallow and wide 

waves (arrow) with deciduous epithelium (arrowhead). b. High magnification of Fig. 

10a.showing the crop folds (arrow) and the keratinized epithelium (arrowhead) 

Fig. 11a. Transverse section of crop showing musculosa (M), mucosa (MU), and submucosa 

(SM). b. Enlarged portion of a transverse section of crop showing, stratified squamous 

epithelium forming the mucosa(MU) ,the keratinized epithelium  (arrowhead) and 

submucosa (SM). H&E stain 
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Fig. 12a. Scanning electron micrographs of the thoracic portion of the .oesophagus showing 

the longitudinal folds (arrows) and the openings of the oesophageal glands (arrowheads). b. 

High magnification of Fig. 12a. showing folds with deciduous epithelium of the oesophagus 

(arrows) and the openings of the oesophageal glands (arrowheads). 

Fig. 13a. Transverse section of the thoracic oesophagus showing the oesophageal gland 

(OeG), stratified squamous epithelium forming the mucosa (MU), musculosa(M), circular 

and longitudinal layers , and lumen (LU). b. Photomicrograph of enlarged portion of a 

transverse section of the thoracic oesophagus showing the oesophageal gland (OeG) 

,submucosa (SM) and mucosa (MU). Trichrome stain 

Fig.14a. Scanning electron micrograph of the interior surface between the proventriculus 

(PV) and the ventriculus (V) showing the proventricular papillae (arrowheads) and the 

openings of the proventricular glands (arrows) and the well-developed shallow folds of the 

interior surface of the ventriculus (arrow), and the isthmus constriction between the 

proventriculus and the ventriculus (IS). b. Scanning electron micrographs of the interior 

surface of the proventriculus showing the mucosal papillae (arrows) and the openings of the 

proventricular glands (arrowheads)  

Fig. 15. Transverse section of the proventriculus showing the serosa(S), musculosa (M), 

mucosa(MU) and submucosa (SM). (Masson's Trichrome stain) 

 

      The scanning electron microscopic investigation of the proventriculus 

reveals the presence of papillae along entire mucosal surface of 

proventriculus. These papillae presented by folds which are arranged in 

concentric rings around the openings of the proventricular glands (Figs. 14a, 

b&16), while the scanning electron microscopic investigation of the interior 

surface of the gizzard is often strongly folded with many grooves of the 

mucosa (Figs. 18a & b). 

      Histologically, the mucosal epithelium is compressed, crowded with 

plicae which are separated by sulci; these plicae are lined with simple 

columnar epithelium with cells of clear cytoplasm and oval dark nucleus. The 

epithelium of mucosa rests on loose connective tissue represents by lamina 

propria which contains blood vessels, lymph cells and simple tubular glands 

lining with columnar epithelial cells called the superficial glands opens at the 

base of each sulci. The submucosa composes of loose connective tissue with 

blood vessels supply and large oval to conical compound tubuloalveolar 

glands called deep gastric glands filling most of the proventriculus wall and 

are separating from each other by connective tissue. The histological 

examination reveals that the deep gastric glands consists of numerous 

adenomas appears with different shapes and diameter. The muscularis 

consists of inner thick circular muscle fibers and outer thin longitudinal 
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muscle fibers. The outermost layer is the serosa which composed of loose 

connective tissue containing blood and lymph vessels and nerve ends (Figs. 

15&17). 

      Meanwhile the mucosa of the ventriculus (gizzard) exhibits, thin finger-

like projections toward the lumen appear as folds separated by gastric pits. 

These folds are lined by simple cuboidal epithelial cells, these cells become 

columnar. The histological examination reveals that there is a layer of koilin 

in front of the epithelial folds and adjacent with it, sub mucosa appears as a 

connective tissue rich with lymph cells, blood vessels and few simple tubular 

glands near the bases of the gastric pits, these glands are lined with simple 

cuboidal epithelial cells. In the present study, the muscularis mucosa is 

clearly represented in the gizzard (Figs. 19a&b). 

      Histochemically, the ductular cells in the proventriculus and the glandular 

tubules indicate strongly positive reaction with PAS (Fig. 41), strong reaction 

(blue color) with Alcian blue at PH 2.5 and the secretory material within the 

lumen of the glandular tubules show a moderate reaction for Alcian blue at 

PH 2.5 (Fig. 42).The ductular cells of the proventriculus give purple color 

with Alcian blue- PAS stain (Fig. 43). 

     Meanwhile, the tubular glands in the ventriculus have strong affinity to 

Alcian blue and negative to PAS reaction (Figs. 45&46).The secretory 

materials within the lumen of the glandular tubules show a moderate reaction 

for Alcian blue and PAS reaction (burble color) (Fig. 47).The ductular cells 

of the proventriculus also show moderate reaction with the mercuric 

bromophenol blue, in the other hand the cytoplasm of the simple cuboidal 

epithelial cells that lined the deep gastric gland, the muscularis and the 

connective tissue of lamina propria stained deeply (Fig. 44).moreover, the 

cells of the tubular glands and crypts of the ventriculus indicates a strong 

response to the bromophenol blue method (Fig. 48). 

       Morphometrically, the average length of the stomach at summer season 

is (4.833±0.7527cm), and in winter season is (6.1667±1.3662cm) (Fig. 79). 

      Histomorphometric study of layers of the proventriculus showing  the 

average thickness of muscularis at summer season is (138.1750 ± 

41.94415µm), and at winter season is (254.4017±115.04991µm) ,the average  
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Fig. 16. Scanning electron micrographs the lateral side of the proventricular portion showing 

the proventricular glands (arrows) and the openinings of the proventricular glands 

(arrowhead).                                   

Fig.17. Enlarged portion of a transverse section of the proventriculus showing the deep 

gastric gland (DGG),lumen of the deep gastric gland  ,the superficial gland (SGG)  and its 

epithelium and submucosa(SM). (Masson's Trichrome stain) 

Fig.18a. Scanning electron micrograph of the interior surface of the anterior portion of the 

ventriculus of Columba livia showing the ventricular folds (arrow)and the ventriculus cuticle 

folds (arrowhead).b. Scanning electron micrographs of the wall of the ventriculus showing 

the cuticle folds resembled bundles of rods (arrowhead) and mucosa (arrow) 

Fig. 19a. Transverse section of the ventriculus  showing the musculosa (M), mucosa (MU), 

submucosa (SM) and the koilin membrane (K) .b. Photomicrograph of enlarged portion of a 

transverse section of the ventriculus showing the mucosa (MU), the tubular gastric gland 

secretion (arrows) and the koilin membrane (K) .H&E stain 
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Fig.20. Scanning electron micrographs of the interior surface of duodenum of rock dove 

showing the leaf like villi (arrows) . 

Fig. 21a. Transverse section of the duodenum showing the musculosa (M), mucosa (MU), 

and the lumen (LU) of the duodenum. b. Photomicrograph of enlarged portion of a 

transverse section of the duodenum showing the crypts of Leiberkun (Cr.L), the villi (V) 

with goblet cells (arrows)and lymphocytes (arrowheads) .Trichrome stain 

Fig.22. Scanning electron micrographs of the interior surface of ilieum of rock dove showing 

the finger like elongated villi (arrows) . 

Fig. 23a. Ttransverse section of the ilieum showing the musculosa (M), mucosa (MU), 

serosa (S) and crypts of Leiberkun (Cr.L). b. Photomicrograph of enlarged portion of 

Fig.23a transverse section of the ilieum showing the musculosa (M), the crypts of 

Lieberkühn (Cr.L), and the villi (V) with goblet cells (arrow) and lymphocytes (arrowheads) 

.Trichrome stain 

 

height of superficial gland at summer season is (381.4317± 254.76768µm), 

and at winter season is (493.8067 ± 256.92352µm), the average length of 

lumen of gland  at summer season is (386.0467± 145.30972µm), and at 

winter season is (596.7783 ± 296.26554µm) and the average thickness of the 

epithelium  at summer season is (14.9517 ± 3.02756µm), and at winter 

season is (22.48 ± 5.33796µm).Changes in thickness and height between 

layers muscularis, superficial gland and lumen of glands, are not significant 

at summer season compared to winter season; (T= -2.325, P= 0.057), (T= -

0.761, P = 0.464), and (T= -1.564,P= 0.160),but between epithelium was 

significant (T= -3.005,P = 0.013) ( Fig. 72). 

      While the histomorphometric study of layers of the anterior portion of 

ventriculus exhibits that the average height of the gastric gland at summer 

season is (177.0517 ± 32.79712µm), and at winter season is (89.9617 

±77.29842µm), the average thickness of koilin layer at summer season is 

(363.285 ± 70.259µm),and at winter season is (407.61 ± 58.4864µm) and the 

average thickness of the epithelium at summer season is (9.8967 ± 

2.9658µm),and at winter season is (9.6933 ± 1.6925µm) .Changes in height 

and thickness between gastric glands are significant at summer season 

compared to winter season; (T= 2.541, P= 0.040), but between koilin and 

epithelial layers, is not significant at summer season compared to winter 

season; (T= 2.541, P= 0.040), (T= -1.188, P = 0.262), and (T= 0.146,P= 

0.887) (Fig. 73). 
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      Meanwhile, the posterior portion of gizzard shows that the average height 

of the gastric gland at summer season is ( 212.215 ± 62.5653µm), and at 

winter season is (95.8 ± 38.2286µm),the average thickness of koilin at 

summer season is (395.2917 ± 76.706µm), and at winter season is (300.2267 

± 49.0608µm) and the average thickness of the epithelium at summer season 

is (11.98±3.9769µm), and at winter season is (11.288 ± 5.7839µm).Changes 

in height and thickness between layers of gastric gland, and koilin, are 

significant at summer season compared to winter season; (T= 3.889, P= 

0.003), and (T= 2.557, P = 0.029), but changes in the thickness of the 

epithelial layers is not significant at summer season compared to winter 

season ;( T=0.241, P=0.814) (Fig. 74). 

The small intestine 

     The small intestine of rock dove is long and consists of a coiled mass 

forming a series of loops lies within the abdominal cavity. It is distinguished 

into the duodenum and ilieum (Figs. 2a, 3&4).   

     The duodenum begins at the end of ventriculus and forms an elongated 

loop. The pancreas lies between the arms of the loop and actually holds the 

two arms together by connective tissue (Fig. 2a), while the ileum is long – 

coiled tube lie on the right side of the abdominal cavity and terminate at the 

junction where the small intestine, the two caeca and the colon all meet (Figs. 

2a, 3&4).   

     The scanning electron microscopic observation of duodenum reveals that 

the presence of a leaf -like crowded villi, with curved tips above each other 

(Fig. 20), and the finger-like shape villi appears on the interior surface of  

ileum (Fig. 22).                                                                      

      

      Histologically, the small intestine shows four tunicae: mucosa, 

submucosa, musculosa and serosa. The mucosa of the intestine is thrown into 

villi which show a marked variation in density, shape and size in the different 

regions of the intestine. Intestinal villi gradually decrease in length and size 

moving from the duodenum toward the ileum. The mucosa consists of a 

simple columnar epithelium and a tunica propria. Goblet cells frequently 

occur amongst the columnar or absorptive cells. The goblet cells increase 

from the duodenum towards the rectum. Lymphocytes are scattered amongst  
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Fig.24a. Scanning electron micrograph of the interior surface of rectum of rock dove 

showing the finger like and crowded short villi (arrows) . b. High magnification of 

fig.24a.showing the surface of the finger like villi of the rectum (arrows) with pore like 

openings (arrowheads).  

Fig. 25a. Transverse section of the rectum showing the musculosa (M), mucosa (MU) , 

serosa (S) , crypts of Leiberkun (Cr.L)and the lumen (LU) of the rectum. b. Photomicrograph 

of enlarged portion of a transverse section of the rectum showing the musculosa (M), the 

crypts of Lieberkühn (Cr.L), and the villi with goblet cells (arrowheads). Trichrome stain 

Fig.26a. Scanning electron micrograph of the interior surface of intestinal caeca of Columba 

livia showing numerous folds (arrowheads) and scattered openings(arrows). b.High 

magnification of Fig.26a.showing the surface of intestinal caeca folds of Columba livia 

(arrowheads) with numerous pores(arrows). 

Fig. 27a. Transverse section of intestinal caeca of Columba livia showing musculosa (MS), 

sub mucosa (SM), lymphocytes (arrowheads) and muscularis mucosa (MM). b. 

Photomicrograph of enlarged portion of a transverse section of intestinal caeca of Columba 
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livia showing the musculosa (MS), muscularis mucosa (MM) the crypts of Leiberkun 

(arrow), and the villi with numerous goblet cells (arrowhead) .H&E 

Fig.28a .Scanning electron micrograph of the internal surface of cloaca of Columba livia 

showing the longitudinal folds (arrow) and the openings of the epithelial tubular glands 

(arrowheads).Fig .28 b. Photograph of cloaca of Columba livia showing the different layers, 

serosa (S), muscularis (MS),submucosa (SM) ,muscularis mucosa(MM) and mucosa (MU). 

trichrome stain Fig.28c. Enlarged portion of Fig (29) showing villi of cloaca of Columba 

livia with numerous goblet cells (arrows), crypts of Liberkuin (arrowheads) and muscularis 

mucosa (MM). 

Fig. 29. Transverse section of the cervical oesophagus, showing the carbohydrate contents 

(PAS positive stain). 

 Fig. 30. Transverse section of the cervical oesophagous, showing the acid 

mucopolysaccharide content (Alcian blue stain). 

 

the bases of the columnar epithelial cells. Crypts of Lieberkühn, being   more 

numerous and too crowded in the duodenum. They are built of cells similar in 

structure to those of the mucosal epithelium. The cores of the villi are formed 

of the areolar connective tissue of the tunica propria. They contain blood 

vessels and capillaries, lymph vessels and numerous darkly stained 

lymphocytes. The submucosa  is thin,  narrow  and hardly  distinguished in 

some  regions .The muscularis  mucosa is composed of thin layer  of  

longitudinal  muscle fibers which merges gradually into  the submucosa  and  

extends into the core of the villi. The musculosa consists of two smooth 

muscle layers; outer thin longitudinal layer and inner thick circular muscle 

layer. All muscle fibers are of un-striated type. The serosa is made up of 

flattened simple squamous epithelium (Figs. 21 a, b & 23a, b)                                                                         

.                                                                                                                                                                                                        

     Histochemically, small intestine (duodenum and ilieum) show that the 

villi possess goblet cells which exhibits strong PAS reaction (Figs. 49&53), 

Alcian blue (pH 2.5) – PAS (Figs. 51&55) and Alcian blue (pH 2.5) (Figs. 

50&54) while, show negative reaction with the bromophenol blue stain (Figs. 

52&56). 

     

      Morphometrically, the average length of duodenum at summer season is 

(9.666±0.9831cm), and is (9.750 ±1.5411cm) at winter season, while the 

average lengths of the ileum is (44.25±5.5834cm) at summer season, and is 

(39.50±5.7532cm) at winter season 
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Fig. 31. Transverse section of the cervical oesophagus, showing the mucopolysaccharide 

content (PAS-Alcian blue stain).Fig. 32. Transverse section of the cervical oesophagus, 

showing the protein content (Bromophenol blue stain).Fig. 33. Transverse section of the 

crop, showing the carbohydrate contents (PAS positive stain).Fig. 34. Transverse section of 

the crop, showing the acid mucopolysaccharide content (Alcian blue stain). 

Fig. 35. Transverse section of the crop, showing the mucopolysaccharide content (PAS-

Alcian blue stain). Fig. 36. Transverse section of the crop, showing the protein content 

(Bromophenol blue stain).Fig. 37. Transverse section of the thoracic oesophagus, showing 

the carbohydrate contents (PAS positive stain).Fig. 38. Transverse section of the thoracic 

oesophagus, showing the acid mucopolysaccharide content (Alcian blue stain). 

Fig. 39. Transverse section of the thoracic oesophagus, showing the mucopolysaccharide 

content (PAS-Alcian blue stain).Fig. 40. Transverse section of the thoracic oesophagus, 

showing the protein content (Bromophenol blue stain).Fig. 41. Transverse section of the 

proventriculus, showing the carbohydrate contents (PAS positive stain). 
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Fig. 42. Transverse section of the proventriculus, showing the acid mucopolysaccharide 

content (Alcian blue stain). Fig. 43. Transverse section of the proventriculus, showing the 

mucopolysaccharide content (PAS-Alcian blue stain). Fig. 44. Transverse section of the 

proventriculus, showing the protein content (Bromophenol blue stain).Fig. 45. Transverse 

section of ventriculus, showing the carbohydrate contents (PAS positive stain).Fig. 46. 

Transverse section of ventriculus, showing the acid mucopolysaccharide content (Alcian blue 

stain).Fig. 47. Transverse section of ventriculus, showing the mucopolysaccharide content 

(PAS-Alcian blue stain). Fig. 48. Transverse section of ventriculus, showing the protein 

content (Bromophenol blue stain). 

 

Histomorphometric study of layers of the duodenum reveals that the average 

thickness of muscularis at summer season is (104.5967± 41.61858µm), and at 

winter season is (131.9433 ± 61.82414µm), the average height of mucosa 

(villi +Lieberkühn) at summer season is (499.1933± 148.1594µm), and at 

winter season is (446.4167 ±176.8611µm) and the average thickness of the 

epithelium at summer season is (36.59 ±3.57176µm), and at winter season is 

(27.715 ± 6.2133µm). Changes in thickness between layers muscularis, and 

mucosa are not significant at summer season compared to winter season; 

(T=-0.899, P= 0.390), (T= 0.560, P = 0.588), but changes in thickness 

between epithelial layers are significant at summer season compared to 

winter season; (T= 3.204, P = 0.009) (Fig. 75). 

      While the histomorphometric study of layers of the ileum show the 

average thickness of the muscularis at summer season is 

(149.4767±25.49266µm), and at winter season is (176.0633±89.20778µm), 

the average height of mucosa (villi+ Lieberkühn) at summer season is 

(382.9750±69.08558µm), and at winter season is (424.0367±139.05625µm) 

and the average thickness of the epithelium at summer season is 

(21.6083±4.6514µm), and at winter season is (32.5217±9.5252µm). Changes 

in thickness and height between layers muscularis, and mucosa are not 

significant in summer season compared to winter season; (T=-0.702, P= 

0.510), (T= -0.648, P = 0.537), but changes in and thickness between layers 

and epithelium are significant in summer season compared to winter season; 

and (T= -2.522, P = 0.030) (Fig. 76). 

The rectum  

     The rectum is relatively short and straight tube extends in the dorsal part 

of the abdomen between the ilieum and cloaca (Figs. 4,5,6&7).   
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     The scanning electron investigation indicates that the mucous membrane 

of the rectum internally is thrown into numerous fingers like villi (Figs. 

24a&b). 

      Histologically, the wall of the rectum is made up of serosa, musculosa, 

submucosa, muscularis mucosa and mucosa. The serosa is a thin layer 

composed of simple squamous epithelium with flattened nuclei. The 

musculosa is composed of longitudinal and thick circular one. The 

submucosa consists of loose connective tissue holding blood vessels. The 

muscularis mucosa is composed of longitudinal muscle fibers. This layer 

extends inside the mucosal folds as vertical muscle fiber strands. The mucosa 

is thrown up into numerous villi, all covered by simple columnar epithelium 

containing goblet cells. At the base of the mucosal folds, rectal glands 

(simple tubular) are noticed. These glands are crypts as in the small intestine, 

lined with simple columnar epithelium and goblet cells (Figs. 25a&b). 

      Histochemically, the goblet cells and the surface mucous epithelium react 

positively by PAS technique (Fig. 57). Strong bluish coloration is observed in 

the goblet cells, reddish coloration in the basal regions of these cells with 

Alcian blue (pH 2.5) – PAS (Fig. 59).  Strong bluish coloration is observed in 

the goblet cells with Alcian blue (pH 2.5) (Fig. 58). Application of mercuric 

bromophenol blue method, indicates the absence of total proteins in the 

goblet cells, however, it is localized in the absorptive cells of the mucosal 

folds (Fig. 60). 

    Morphometrically, The average length of rectum is (3.0833±1.2416cm) at 

summer season, and is (2.4167±0.9174cm) at winter season (Fig. 79). 

     Histomorphometric study of  layers of the rectum show the 

average thickness of muscularis at summer season is (266.8617 ±  

98.21993µm), and at winter season is (332.82  ±  215.38163 µm), the 

average height of mucosa (villi +  Lieberkühn)  at summer season is 

(226.6750  ±  52.46119 µm), and at winter season is (198.3867 ± 

154.22318µm) and the average thickness of the  epithelium at 

summer season is (35.93  ± 7.26927µm), and at winter season is 

(30.0117  ±  8.37064 µm).Changes in thickness between layers  

muscularis, mucosa and  epithelium are not  significant in summer 

season compared to  winter season; (T= - 0.683, P = 0.510) ; (T = 
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0.425, P = 0.685), and (T= 1.308, P = 0.220) (Fig.77).                         

                                                                                                   

The intestinal Caeca 

      The left and right caeca rise from the rectum close to the junction with the 

ileum, on the lateral wall of the intestine .Caeca are very small and directing 

cranially from their origin on the rectum (Figs. 4).          

     Scanning electron microscopic observations showing distinct longitudinal 

folds (Figs. 26 a& b). 

     Histologically, the mucous membrane of the intestinal caeca consists of 

simple villi. The villi are lined by a simple columnar epithelium whose cells 

resemble those of the small intestine, these villi have goblet cells and crypts, 

and the muscle layer is thicker. The muscularis mucosa is composed of thin 

layer of longitudinal muscle fibers. Accordingly, the narrow and thin 

submucosa connective tissue layer merges into that at the lamina propria. The 

musculosa consists of two layers of unstriated muscle fibers: an outer 

longitudinal layer and inner circular one. The outer longitudinal muscle 

layers are quite thin. The caecum is covered externally with a thin serosal 

layer; composed of simple squamous epithelial cells (Figs. 27a, b). 

      Histochemically, carbohydrates are localized in the goblet cells which 

showing positive PAS reaction (Fig. 61), Acid and neutral 

mucopolysaccharides are demonstrated by Alcian blue (pH 2.5) – PAS in the 

goblet cells (Fig.  63) ,also the goblet cells give strong positive reaction (dark 

blue) with Alcian blue (pH 2.5) procedure (Fig. 62)  ,while reacts negatively 

with mercuric bromophenol blue method, indicates the absence of total 

proteins in the goblet cells, however, it is localized in the absorptive cells of 

the mucosal folds (Fig. 64). 

     Morphometrically, the average length of intestinal caeca is 

(0.65±0.1974cm) at summer season, and is (0.5167±0.1602cm) at winter 

season (Fig. 79). 

     Histomorphometric study of layers of the intestinal caeca indicates the 

average thickness of muscularis at summer season is (78.4633±31.6829µm), 

and at winter season is (100.2517±29.5441µm), the average height of mucosa  
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Fig. 49. Transverse section of the duodenum, showing the carbohydrate contents (PAS 

positive stain).Fig. 50. Transverse section of the duodenum, showing the acid 

mucopolysaccharide content (Alcian blue stain). Fig. 51. Transverse section of the 

duodenum, showing the mucopolysaccharide content (PAS-Alcian blue stain).  

Fig. 52. Transverse section of the duodenum, showing the protein content (Bromophenol 

blue stain).Fig. 53. Transverse section of the ilieum, showing the carbohydrate contents 

(PAS positive stain). Fig. 54. Transverse section of the ilieum, showing the acid 

mucopolysaccharide content (Alcian blue stain). 

Fig. 55. Transverse section of the ilieum, showing the mucopolysaccharide content (PAS-

Alcian blue stain). Fig. 56. Transverse section of the ilieum, showing the protein content 

(Bromophenol blue stain).Fig. 57. Transverse section of the rectum, showing the 

carbohydrate contents (PAS positive stain). Fig. 58. Transverse section of the rectum, 

showing the acid mucopolysaccharide content (Alcian blue stain). 

Fig. 59. Transverse section of the rectum, showing the mucopolysaccharide content (PAS-

Alcian blue stain).Fig. 60. Transverse section of the rectum, showing the protein content 
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(Bromophenol blue stain).Fig. 61. Transverse section of intestinal caeca, showing the 

carbohydrate contents (PAS positive stain).  

Fig. 62. Transverse section of intestinal caeca, showing the acid mucopolysaccharide content 

(Alcian blue stain).Fig. 63. Transverse section of intestinal caeca, showing the 

mucopolysaccharide content (PAS-Alcian blue stain). 

Fig. 64. Transverse section of intestinal caeca, showing the protein content (Bromophenol 

blue stain).Fig. 65. Transverse section of cloaca, showing the carbohydrate contents (PAS 

positive stain). Fig. 66. Transverse section of cloaca, showing the acid mucopolysaccharide 

content (Alcian blue stain). 

 

(villi+ Lieberkühn) at summer season is (261.8433±126.76503µm), and at 

winter season is (254.1967±33.74829µm) and the average thickness of the 

epithelium at summer season is (26.7750±2.64378µm), and at winter season 

is (24.04±2.29940µm). Changes in thickness between layers muscularis, 

mucosa and epithelium are not significant at summer season compared to 

winter season; (T=-1.232, P= 0.246); (T= 0.143, P = 0.891), and (T= 1.912, P 

= 0.085) (Fig. 78). 

Cloaca 

      The cloaca of rock dove is a bulbous structure internally shows three 

separate compartments; the coprodeum, urodeum and proctodeum. The 

coprodeum is the largest compartment which continued cranially with the 

terminal end of the rectum. A coprourodeal fold separated the coprodeum 

from urodeum (Figs. 4, 5, 6&7). SEM investigation showing multiple of 

irregular folds (Fig. 28). 

     Histologically; the wall of coprodeum is thin and its tunica mucosa has 

thrown into spares, short, and flat villi, the lamina propria composes of single 

layer of wide epithelial crypts of Lieberkuhn. The lining epithelium of the 

coprodeum is tall mucous secreting simple columnar epithelium which 

showing secretory activity. The lamina propria is loose connective tissue 

display numerous of lymphocytes with plasma cells and macrophages. The 

muscularis mucosa is well developed. Urodeum is the narrower compartment 

of the cloaca. Histologically the tunica mucosa of the urodeum shows tall 

branching pyramidal mucosal villi, the villi are lined with mucous secreting 

columnar cells, the lamina propria consists of cellular loose connective tissue 

occupying by lymphocytes, the muscular mucosa composed of smooth 

muscle fibers. Tunica muscular is appears thick and consists of thick inner  
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Fig. 67. Transverse section of cloaca, showing the mucopolysaccharide content (PAS-Alcian 

blue stain).Fig. 68. Transverse section of cloaca, showing the protein content (Bromophenol 

blue stain). 

Fig. 69. Comparison between means of the thickness (µm) of cervical oesophagus of the 

rock dove histometric layers (muscularis,mucosa and epithelium). Indicate significant 

differences among layers (P≤0.05), at summer and winter seasons. 

Fig. 70. Comparison between means of the thickness (µm) of crop of the rock dove 

histometric layers (muscularis,mucosa and epithelium). Indicate significant differences 

among epithelial layers (P≤0.05), at summer and winter seasons. 

Fig. 71. Comparison between means of the thickness (µm) of thoracic oesophagus of the 

rock dove histometric layers (muscularis,mucosa and epithelium). Indicate significant 

differences among epithelial layers (P≤0.05), at summer and winter seasons. 

Fig. 72. Comparison between means of the thickness (µm) of proventriculus of the rock dove 

histometric layers (muscularis, superficial glands,lumen of deep gastric gland and 

epithelium). Indicate significant differences among epithelial layers (P≤0.05), at summer and 

winter seasons. 

Fig. 73.  Comparison between means of the thickness (µm) of the anterior portion of 

ventriculus of the rock dove histometric layers (gastric gland, koilin and epithelium). 

Indicate significant differences among gastric gland layers (P≤0.05), at summer and winter 

seasons. 

Fig. 74. Comparison between means of the thickness (µm) of the posterior portion of 

ventriculus of the rock dove histometric layers (gastric gland, koilin and epithelium). 

Indicate significant differences among gastric glands,koilin layers (P≤0.05), at summer and 

winter seasons. 

 

circular and thin outer longitudinal layers of smooth muscle fibers (Figs. 29 a 

&b).     . 

       Histochemically, the goblet cells in the mucosal villi and crypts of 

Leiberkuin of the cloaca compartments reacts positively by PAS revealing 

the presence of general carbohydrates(Fig.65), also these glands reacts 

positively with Alcian blue and Alcian blue - PAS(Figs.66&67). Reactions 

indicating the presence of both neutral and acid mucin, while these goblet 

cells are stained negatively by bromophenol blue (Fig.68). 

 

     Morphometrically, the average length of the cloaca is (3.0833±1.2416cm) 

at summer season, and is (2.4167±0. 0.9174cm) at winter season (Fig. 79). 

    Histomorphometric data of layers of the cloaca don't apply in the present 

study.                                                       
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Fig. 75.  Comparison between means of the thickness (µm) of the duodenum of the rock 

dove histometric layers (muscularis, mucosa and epithelium). Indicate significant differences 

among epithelial layers (P≤0.05), at summer and winter seasons. 

Fig 76 Fig 75 

Fig 77 
Fig 78 

Fig 79 
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 Fig. 76.  Comparison between means of the thickness (µm) of the ilieum of the rock dove 

histometric layers (muscularis, mucosa and epithelium). Indicate significant differences 

among epithelial layers (P≤0.05), at summer and winter seasons. 

Fig. 77.   Comparison between means of the thickness (µm) of the rectum of the rock dove 

histometric layers (muscularis, mucosa and epithelium). Indicate no significant differences 

among layers (P≥0.05), at summer and winter seasons. 

Fig. 78.   Comparison between means of the thickness (µm) of intestinal caeca of the rock 

dove histometric layers (muscularis, mucosa and epithelium). Indicate no significant 

differences among layers (P≥0.05), at summer and winter seasons.  

Fig. 79. Comparison between lengths (cm) of body, digestive tract, oesophagus,crop width, 

proventriculus+ventriculus, duodenum, jejunum+ ileum, intestinal caecum and cloaca of 

rock dove at summer and winter seasons , showing  no significant differences (P˃0.05). 

 

Discussion 

     The passage of food through the digestive tract follows a specific 

digestive sequence including premoistening and softening, acidifying, 

grinding, hydrolyzing, emulsifying and propulsion of the end products 

(Klasing, 1999). The portions of digestive tract of birds vary according to the 

feeding habits (Hamdi et al, 2013).  

    The anatomical investigation showed that the digestive tract of Egyptian 

rock dove like almost granivorous species is composed of oesophagus, crop, 

proventriculus, ventriculus (gizzard), intestine, intestinal caeca, rectum and 

cloaca.  

    The avian oesophagus is a thin-walled distensible tube, delivers food from 

the oropharynx to the proventriculus. In rock dove, the oesophagus exhibits 

great variations in its anatomical and histological structure compared to any 

region of the digestive tract. The present study indicates that the oesophagus 

is divided into two regions: the thoracic and cervical regions. The cervical 

oesophagus expands at the entrance of the thoracic oesophagus to form the 

crop The internal surface of the cervical oesophagus of the rock dove has 

longitudinal folds which deeper than that in thoracic oesophagus, these folds 

facilitate the oesophagal distensibility which appear large and more extensive 

in birds which swallow whole prey items like owls, or those that store large 

amounts of food material as gulls. But in the rock dove and other 

grainivorous birds exhibit minimal oesophageal folds development and 

possess a relatively narrow oesophagus, these results was confirmed by 
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(Taylor, 2000, Rus et al, 2000 and Rodrigues et al, 2012) in their study on 

white stork and blue & yellow macaws..  

     The crop has varying degree of development in different avian species, the 

rock dove obtains a well-developed one, that it has two large lateral 

diverticula on both sides of the trachea and small enlargement in the median. 

    The avian crop (ingluvies) present in most omnivorous and herbivorous 

bird‟s species (Godoy-Vitorino et al., 2008). They were concluded that the 

size of the crop and its shape constitute species-specific features and adapted 

to the diets, environment and behavior. Stevens and Hume, (1998) and Gelis, 

(2006) confirmed that the omnivores and herbivores, including granivorous 

birds, are characterized by a larger crop than carnivorous predators. 

      The most important functions of the crop are, food moistening and 

creating a favorable environment for the development of probiotic 

microbiota, and producing a holocrine secretion from the crop epithelium - 

“crop milk” - which is fed to the squabs during the breeding season. The crop 

milk is mainly a protein and fatty acid source for chicks, and is devoid of 

carbohydrate and calcium. Both males and females produce crop milk. The 

crop also provides an important immunological function in pigeons feeding 

squabs (Horseman and Buntin, 1995). 

      Histologically, the wall of the oesophagus of the rock dove consists of 

mucosa, submucosa, muscular tunic, serosa, and submucosal layers ,the 

peristaltic contractions of inner circular and outer longitudinal muscles propel 

food posteriorly through the oesophagus this result agree with (Klasing, 1999 

)and (Sagsöz& Liman, 2009) in their study on Japanese quails. 

     The oesophagus and crop mucosa of rock dove are lined by a keratinized 

stratified squamous epithelium, the degree of keratinization of the stratified 

squamous epithelium in oesophagus varies with the avian species like in 

common wood pigeon, the mucosa of the cervical oesophagus is composed of 

keratinized stratified squamous epithelium, while the mucosa of barn owl 

composed of non-keratinized stratified squamous epithelium (Al-Juboury 

,2016  ) also the results obtained by (Rodrigues et al.,2012) on macaw„s 

oesophagus reveals a squamous stratified non-keratinized thick epithelium.  
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     Obviously, there is a relationship between the histological structure of the 

digestive tract and the type of nutrition, such as the keratinization which 

appears on the mucosa of oesophagus of rock dove, it appears as a protection 

against any harmful effect occurs during passage of hard food (grains) 

through it. Moreover, this keratinized become thicker in crop region.  This 

region has more capacity for store a large amount of food consequently it 

becomes more exposed to large friction force from food items. This result is 

opposite in raptors which feeding on the soft flesh, furthermore, they lack the 

crop (Gelis, 2013).  

     The thickness of layers of oesophagus of rock dove in the winter and 

summer season indicates that the thickness of muscularis, mucosa and 

epithelium layers of the cervical region increased significantly in winter 

season compared to summer season, this result may be expected during the 

times of year (winter) the size of digestive organs can be greatest as a result 

to high intake of food and may due to low available energy food, rapid 

processing rates, or high metabolic demand as mentioned by (Karasov and 

Douglas,2013). 

      Furthermore, the thickness of layers of the crop of the rock dove also 

gave significant variation in the epithelial layer in winter season. This may be 

as a result of continuous proliferation for the stratified squamous epithelium 

consequated by desquamation (breakdown) of this layer responding to the 

prolactin hormone in order to mix the produced sloughy fluid with the food 

to facilitate the digestion of young as stated by(Ghali and Dauod, 2014; Kent 

and Carr, 2001; Kardong, 2006).  

     The histological study of the oesophagus of rock dove showed that the 

oesophageal glands disappear in the cervical oesophagus and the crop and 

appear in thoracic one, like other granivorous species such as some parrots, 

pigeons, chickens and finches they have a large number of glands to assist in 

swallowing the dry feeds (Denbow, 2000).The oesphageal glands of the 

thoracic region may be important for lubrication and protecting of the 

mucosa for the passage of food particles to the stomach, as well as, they 

secrets acid and neutral mucopolysaccardies. 

      The rock dove as different bird's species granivorous, omnivorous and 

insectivorous which feed on hard food items, possess the thin-walled 



88             Nahed   A.  Shawki ,Fatma A.  Mahmoud and  Mayada Y.  Mohamed 

proventriculus, while the ventriculus is muscular which are separated by 

isthmus and that help to differentiate them grossly from each other, but in 

carnivorous and piscivorous bird species, the proventriculus and ventriculus 

are very distensible and difficult externally differentiate between them. 

According to the type of food fleshy or hard and how the bird ingest; the size 

and shape of the proventriculus and ventriculus are affected (Denbow, 

2000and Taylor, 2000).   

      The food passes through the proventriculus very quickly where it is 

coated with hydrochloric acid and pepsin, with little enzymatic digestion. The 

food is propelled into the ventriculus where most of the mechanical digestion 

occurs by a combination of coordinated muscle contractions and the action of 

grits as mentioned by (Taylor, 2000). 

      In the rock dove, there are two types of glands in the proventriculus; these 

glands distributed throughout the entire organ .While in the Ostrich the 

glands are located only in the papillary region (Tadjalli et al., 

2011).Moreover, the simple tubular glands show an intensive positive AB 

reaction and a poor intensive positive PAS reaction .Selvan et al., 2008 

suggests that the mucin lined the epithelium is neutral and acid 

mucopolysaccharides, which forms a resistant mucosal barrier to protect the 

epithelium.  

     The histological structure of ventriculus of rock dove also indicates the 

four known tunicae forming the wall of the ventriculus of most avian species 

such as red capped cardinal, Paroaria gularis gularis (Catroxo et al,1997) 

and guinea fowl, Numida meleagris (Selvan et al, 2008). The Egyptian rock 

dove have well-developed ventriculus and possesses thick koilin layer. The 

presence of the koilin layer was previously documented in different avian 

species and they were indicated a relationship between the koilin layer and 

the type of food consumed by the bird (Bailey et al, 1997: Taki-El-Deen, 

2017) the thickness of koilin layer is highly correlated with food consumed, 

thick koilin layer appears in granivores and a thin in frugivores.  

     Moreover, the koilin layer in rock dove reveals positive reaction to PAS  

as it is present in the epithelial lining observed in Guinea fowl Numida 

meleagris (Selvan et al, 2008), in quail (Zaher et al.,2012)  and in the black-

winged kite, Elanus caeruleus (Hamdi et al.,2013). 
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     However, the proventriculus and ventriculus vary in function and 

morphology according to the species, sex ,age ,hormonal factors, diet and 

weather conditions of the bird (Piersma et al., 1993; Starck, 1999) and 

seasonal change especially ambient temperature (Özbey et al., 2004) may 

influence the gastric texture. This is opposed to present results on the 

stomach of rock dove in which season don‟t effect on its histo-morphometric 

results. 

     The small intestine of the rock dove is similar to that of other avian 

species in that it is composed mainly of the duodenum and ileum. However, 

the morphological organization of the ileum of rock dove differs from what 

has been reported for most birds (Casotti, 2001; Działa-Szczepańczyk and 

Wesołowska, 2008; Lavin et al., 2008; Wang and Peng, 2008). The ileum of 

the rock dove is made up of cone shaped spiral coils. The cone-shaped spiral 

coils of the ileum may be an adaptation to maximize the utilization of 

available space in the abdominal cavity, and provide larger surface area for 

digestion this agree with (Igwebuike et al,2014) in the African pied crow. 

This cone-shaped spiral of the ileum of the African pied crow is similar to 

what has been reported of the ileum of the pigeon (Sack et al., 2002; 

Igwebuike and Eze, 2010). 

      The histology and histochemical results of the small intestine of the rock 

dove agree with the report of previous authors on the histo-morphology and 

histochemical results of the avian small intestine, as in quail (Zaher et al., 

2012), rock dove (Albideri et al., 2011), African pied crow, Corvus albus 

(Igwebuike and Eze, 2010) and pigeon  (Columba livia) (Al Sheshani, 2006) 

that the mucous membrane of the small intestine consists mainly of numerous 

villi lined by columnar epithelium showing higher numbers of goblet cells 

which indicates positive reactions by PAS, PAS-AB (pH 2.5) teqniques 

conducted to view the presence or absence of neutral mucins and acidic 

mucins while stained negatively by bromophenol .                                           

                          

      Numerous previous studies confirmed that there are relationship between 

the food content and length of intestines (Casotti, 2001; Lavin et al., 2008, 

Igwebuike and Eze, 2010; Wang and Peng, 2008; Mobini, 2011) (Karasov & 

del Rio, 2007). The birds living on material with high fiber content have 

larger intestines and caeca than those that eat seeds and fruits. But the present 
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study reported that the seasonal changes of the rock dove don‟t effect on the 

morphological and histological level of small and large intestine.                    

                                                                    

      Conclusion                                                                                              

       The egyptian rock dove as a resident bird don‟t often have to face 

changes in the environmental conditions like other migratory birds .That the 

hisomorphometrical studies of the digestive tract of the rock dove during the 

summer and winter seasons show no significant changes on the 

morphological and histochemical levels of the digestive tract except the 

oesophagus region. 

References 

Albideri, A.W., M.K. Haba and M.J. Kadum, 2011.Histological study of 

gastrointestinal tract in Squacco heronArdeolaralloides and rock dove Columba 

livia. Al-Kufa J. Biol., Vol. 3. 

Al-Juboury, R. W., 2016. Comparative anatomical and histological study on the 

digestive tract in two Iraqi birds, common wood pigeon Colimba palumbus (L.) and 

barn owl Tyto alba (Scopoli).PhD thesis. Bab. Univ.157pp. 

Al Sheshani, A.S.Y., 2006. Anatomical and histological comparative study of 

alimentary tract in two types of bird's grainivorous bird, (Columba livia Gmelin, 

1789) and carnivorous bird, (Accipiter nisus Linnaeus, 1758). M.Sc. Thesis, 

University of Tikrit, Iraq. 

Bailey T A, Mensah E P, Samour J H, Naldo J,Lawrence P, Garner A 

,1997.Comparative morphology of the alimentary tract and its glandular derivatives 

of captive bustards. J.Anat, Cambridge, v. 191, 387-398  

Bancroft, J.D., and Stevens, A., 1996. Theory and practice of histological 

techniques. Churchill Livingstone. New York. 4
th
 ed. Chap. 10: 190- 191. 

Battley F., and Piersma T., 2005. Adaptive interplay between feeding ecology and 

features of the digestive tract in birds 

Bednekoff PA, Biebach H, Krebs J., 1994. Great tit fat reserves under unpredictable 

temperatures. Journal of Avian Biology, 25(2): 156-160. 



Seasonal variations of the digestive tract of Egyptian rock dove …                   91 

 

 
 

Boon, p., G.H. visser and S.Daan, 2000.Effect of photoperiod on body weight gain 

and daily energy intake and energy expenditure in Japanese quail (Coturnix 

c.Japonica).physiol.Behav, 70:249-260. 

Bozakova, N., 2008. Ethological aspects of chicken‟s welfare under different 

environmental conditions during summer time. Ecology and Future - Bulgarian 

Journal of Ecological Science, 7, 29–33. 

Casotti, G., 2001.luminal morphology of the avian lower intestine,Evidence of 

retrograde peristalsis for water conservation .Anatomical Record,263,289-296. 

Catroxo, M. H. B.; Lima, M. A. I. and Cappellaro, C.E.M.P.D.M. 1997. Histological 

aspects of the stomach (proventriculus and gizzard) of the Red Capped Cardinal 

(Paroaria gularis gularis). Rev. Chill. anat., 15(1): 19-27. 

Denbow DM, 2000. Gastrointestinal anatomy and physiology. In Whittow GC (ed): 

Sturkie‟s Avian Physiology. Academic, San Diego, CA, pp 299-325. 

Dietz MW and Piersma T, 2007.Red knots give up Xight capacity and defended 

food processing capacity during winter starvation. Funct Ecol 21:899–904 

Drury, A.R.B., and Wallington, E.A., 1980. Carleton's histological technique. 

Oxford University Press, London. 5th ed. Chap. 13: 254- 255. 

Dziala-Szczepanczyk E and Wesolowska I, 2008. Morphometric characteristics of 

esophagus and intestine in tufted ducks (Aythya fuligula) wintering on the Baltic 

coastal areas in north-western Poland. Electro. Journal of Polish Agricultural 

University, 11(4):1-35. 

Faisal, B. A., Abdel-Fattah, S. A., El-Hommosany, Y. M., Abdel-Gawad, N. M., & 

Ali, M. F. M., 2008. Immunocompetence, hepatic heat shock protein 70 and 

physiological responses to feed restriction and heat stress in two body weight lines 

of Japanese quail. International Journal of Poultry Science, 7, 174–183. 

Gelis, S., 2006. Evaluating and treating the gastrointestinal system. In: Clinical 

avian medicine, vol. 

Gelis, S., 2013. Evaluation and treating the gastrointestinal system. Clinical Avian 

Medicine, 1(14):412-416. 

Ghali, M. A. and Dauod, H. A., 2014. Comparative anatomy of the chordates. Dar 

Al-Doctor, Baghdad, Iraq. (In Arabic). 

Gibbs D., Eustace B., and John C., Pigeons and Doves 2010. A Guide to the Pigeons 

and Doves of the World. United Kingdom: PicaPress. ISBN 1-873403-60-7. 



92             Nahed   A.  Shawki ,Fatma A.  Mahmoud and  Mayada Y.  Mohamed 

Godoy - Vitorino F., Ley R.E., Gao Z., Pei Z., Ortiz - Zuazaga H., Pericchi L.R.  , 

Garcia - Amado M.A., Michelangeli F., Blaser M.J., Gordon J.I. 2008 .Bacterial 

community in the crop of the hoatzin, a neotropical folivorous flying bird. Appl. 

Environ. Microb,74: 5905–5912. 

Goymann W, Trappschuh M, Jensen W and Schwabl I., 2006. Low ambient 

temperature increases food intake and dropping production,leading to incorrect 

estimates of hormone metabolite concentrations in European stonechats. Hormones 

and Behavior, 49(5):644-653. 

Hamdi, H.; El-Ghareeb, A. W.; Zaher, M. and AbuAmod, F., 2013. Anatomical, 

Histological and Histochemical Adaptations of the Avian Alimentary Canal to Their 

Food Habits: II- Elanus caeruleus. Internat. J. Sci. Engin. Res., 4(10): 1355-1364. 

Hena S.A.,SonfadaM.L.,Danmaigoro A.,Bello A.,Umar A.A,2012.Some 

comparative gross and morphometrical studies on the gastrointestinal tract in pigeon 

(Columba livia) and Japanese quail (Coturnix japonica) scientific journal of 

veterinary advances1(2)57-64.WWW.Sjournals.com 

 

Horseman ND, Buntin JD, 1995.Regulation of pigeon crop-milk secretion and 

parental behaviors by prolactin. Annu Rev Nutr 15:213-238 

 

Igwebuike, U.H. and U.U. Eze, 2010. Morphological characteristics of the small 

intestine of the african pied crow (Corvus albus). Anim. Res. Int., 7: 1116-1120. 

 

Igwebuike G.N.,Alex N.N.,Okonkwo A.and Sunday A.A. ., 2014 .Evaluation of 

Aquifer hydraulics using electrical resistivity method:A case of nsugbe sandstone 

,Anambra state, southeastern Nigeria,2014.international journal of geology vol.4(3) 

pp.64 75,DOI:http:/dx.doi.org/10.14303/irjgm.017 

Kadhim, K. K.; Zuki, A. B.; Noordin, M. M. & Babjee, S. M., 2011. 

Histomorphology of the stomach, proventriculus and ventriculus of the red jungle 

fowl. Anat. Histol. Embryol, 40(3) 226-33. 

Karasov, W.H., 2004. Anatomical and Histological changes in the Alimentary Tract 

of Migrating Blackcaps (Sylviaatricapilla). A comparison among Fed, Fasted, Food 

– Restricted, and Refed Birds. Physiological and Biochemical Zoology, 77(1): 149-

160. 

Karasov, W.H. and C. Marlinez Del Rio, 2007. Physiological Ecology: How 

Animals Process Energy, Nutrients and Toxins. Princeton University Press, New 

Jersey, ISBN-13: 9780691074535, Pages: 741. 



Seasonal variations of the digestive tract of Egyptian rock dove …                   93 

 

 
 

Karasov H.W, Douglas E.A., 2013.Comparative digestive physiology .American 

physiological society.Compr Physiol3:741-483. DOI:10.1002/cphy.c110054 

Kardong, K.V., 2006.Vertebrates, comparative anatomy, function, evolution, 4th ed. 

Mc Grow Hill, New York. 

Kent, G.C. and Carr, R.K., 2001. Comparative anatomy of the verebrata (9th ed) 

McGraw Hill, New York. 

Klaassen M, Oltrogge M, Trost L., 2004. Basal metabolic rate, food intake, 

and body mass in cold-and warm-acclimated Garden Warblers. Comparative 

Biochemistry and Physiology Part A, 137(4): 639-

647.https://doi.org/10.1016/j.cbpb.2003.12.004 

Klasing KC, 1999. Avian gastrointestinal anatomy and physiology. Semin Avian 

Exotic Pet Med 8:42-50. 

Krams I, Cirule D, Suraka V, Krama T, Rantala MJ, Ramey G., 2010. 

Fattening strategies of wintering great tits support the optimal body mass 

hypothesis under conditions of extremely low ambient temperature. 

Functional Ecology, 24(1): 172-177. 

Lavin, S. R; Karasov, W. H; Ives, A. R; Middleton, K. M. And Jr, T. G., 

2008.Morphomtrics of the avian small intestine compared with that of non-flying 

mammals: Aphylogenetic approach. Phasiol. Bioch. Zool. 81(5):526-550. 

Ma, G.T., 2009. Morphological and histological observation on the 

esophagus and stomach of Tetraogallus himalayensis. Chin.J. Zool., 44:124-7. 

http://zoology.ioz.ac.cn 

Mack, L. A., Felver-Gant, J. N., Dennis, R. L., & Cheng, H. W. ,2013. Genetic 

variation alters production and behavioral responses following heat stress in 2 

strains of laying hens. Poultry. Scince, 2, 285–294. 

Martínez, A., López, J. & Sesma, P., 2000. The nervous system of the chicken 

proventriculus: an immunocytochemical and ultrastructural study. Histochem. J., 

32(1):63-70 

 

McKechnie AE, Chetty K, Lovegrove BG., 2007. Phenotypic flexibility in basal 

metabolic rate in laughing doves: responses to short-term thermal acclimation. 

Journal of Experimental Biology, 210(1): 97-106. 

 

http://zoology.ioz.ac.cn/


94             Nahed   A.  Shawki ,Fatma A.  Mahmoud and  Mayada Y.  Mohamed 

Mobini B., 2011.Age-dependent morphometric changes of different parts of small 

and large intestines in Ross broilers.international journal for Agro Veterinary and 

medical sciences 5(5):456-463 DOI:10.5455/ijavms.20111108123845 

 

Mujahid, A., Akiba, Y., &Toyomizu, M., 2009.progressive changes in the 

physiological responses of heat-stressed broiler chickens .journal poultry science, 

46,163-167. 

 

O‟Connor TP., 1995. Metabolic characteristics and body composition in 

House Finches: effects of seasonal acclimatization. Journal of Comparative 

Physiology B, 165(4): 298-305. 

 

Ozbey o., Yildiz n.,Aysondu M.H and Ozmen O.,2004.the effect of high 

temperature on blood serum parameters and egg productivity characteristic of 

Japanese Quails(Coturnix coturnix Japonica) international journal of poultary 

science 3(7). DOI:10.3923/ijps.2004.485.489 

 

Piersma T, Koolhaas A, Dekinga A., 1993.Interactions between stomach structure 

and diet choice in shore birds .Auk 110:552-564. 

 

Rodrigues, M.N., Abreu, J.A.P., Tivane, C. , Wagner, P.G. , Campos, D.B. , Guerra, 

R.R. , Rici, R.E.G. and Miglino, M.A. ,2012. Microscpical study of the digestive 

tract of blue and yellow macaws. Current Microscopy Contribution to Advances in 

Science in Technology: 414-421. 

 

Rossi, J. R.; Baraldi-Artoni, S. M.; Oliveira, D.; da Cruz, C.; Franzo,V. S. & Sagula, 

A. , 2005. Morphology of glandular stomach (Ventriculus glandularis) and muscular 

stomach (Ventriculus muscularis) of the partrigde Rhynchotus rufescens. 

Cienc.Rural, 35(6):1319-24. 

 

Rus V,  Miclauş V,  Nadas G C, Cadar D .,2000. Structural particuralarities of the 

White stork (Ciconia ciconia) esophagus. Annals of RSCB, V14(1):177-179.   

 

Sack, W. O., Dyce, K. M. and Wensing, C. J.G. ,2002. Veterinary Anatomy. W. B. 

Saunders Company, Canada. 

 

Sagsöz, H. & Liman, N. , 2009. Structure of the oesophagus and morphometric, 

histochemical-immunohistochemical profiles of the oesophageal gland during the 

post-hatching period of Japanese quails (Coturnix coturnix japonica). Anat. Histol. 

Embryol., 38(5):330-40. 



Seasonal variations of the digestive tract of Egyptian rock dove …                   95 

 

 
 

 

Secor SM, 2001. Regulation of digestive performance:a proposed 

adaptive response. Comp Biochem Physiol 128A:565–577 

 

Selvan, P. S.; Ushakumary, S.; Ramesh, G. ,2008. Studies on the histochemistry of 

the proventriculus and gizzard of post-hatch Guinea fowl (Numida meleagris). 

Internat. J. Poult. Sci., 7: 1112–1116. 

 

Silva,A.M&Mdeiros,P.R.,2008. pigeons (columba livia)in an urban square:what can 

we learn from local people's knowledge and perception ?Gaia Scientia.2(2),37-40 

 

Soldatini, C., Mainardi, D., Emilio Baldaccini, N. & Giunchi, D., 2006. A temporal 

analysis of the foraging flights of feral pigeons (Columba livia f. domestica) from 

three Italian cities. Italian Journal of Zoology, 73(1), 83–92. 

 

Starck JM. 1996. Phenotypic plasticity, cellular dynamics, and epithelial 

turnover of the intestine of Japanese quail (Coturnix coturnix japonica). 

Journal of Zoology, 238(1): 53-79. 

 

Starck, J.M., 1999. Phenotypic flexibility of the avian gizzard. Acta Ornithologica, 

34: 149-153 

 

Stevens E.,and Hume D. ,1998.Comparative physiology of vertebrate digestive 

system,2
nd

 edn.cambridge Univesity press,.https://doi.org/10.1113/expphysiol. 

 

Swanson DL., 2001. Are summit metabolism and thermogenic endurance 

correlated in winter– acclimatized passerine birds? Journal of Comparative 

Physiology B, 171(6): 475-481. 

 

Tadjalli, M.; Parto, P. and Shahraki, A.F. ,2011. Histological study of proventiculus 

of male adult ostrich. Global Veter., 7(2):108-112. 

 

Taki- El- Deen F. 2017. Histological and histochemical studies on the alimentary 

canal of supr-winged lapwing Vanellus spinosus. The Egyptian journal of hospital 

medicine.Vol.67.page314-321. 

 

Taylor M,2000.Anatomy and physiology of the gastrointestinal tract for the avian 

practitioner. In Birds. Post Grad Found in Vet Sci, Uni of Sydney, Aus. Proc 

334:107-113. 

 



96             Nahed   A.  Shawki ,Fatma A.  Mahmoud and  Mayada Y.  Mohamed 

Tieleman BI, Williams JB, Buschur ME, Brown CR., 2003. Phenotypic variation of 

larks along an aridity gradient: are desert birds more flexible? Ecology, 84(7): 1800-

1815. 

 

Vézina F, Jalvingh K, Dekinga A, Piersma T., 2006. Acclimation to different 

thermal conditions in a northerly wintering shorebird is driven by body 

mass-related changes in organ size. Journal of Experimental Biology, 

209(16): 3141-3154. 

 

Wang, J. X. and Peng, K. M., 2008. Developmental morphology of the small 

intestine of African ostrich chicks. Poultry Science, 87: 2629 – 2635 

 

Webster MD, Weathers WW. , 2000. Seasonal changes in energy and water use by 

verdins, Auriparus flaviceps. Journal of Experimental Biology,203(21): 3333-3344 

 

 

Williams J, Tieleman BI., 2000. Flexibility in basal metabolic rate and evaporative 

water loss among hoopoe larks exposed to different environmental temperatures. 

Journal of Experimental Biology, 203(20):3153-3159. 

 

Yuni LPEK, Rose RW. 2005. Metabolism of winter-acclimatized New 

Holland honeyeaters Phylidonyris novaehollandiae from Hobart, Tasmania. 

Acta Zoological Sinica, 51(2): 338-343. 

 

Zaher, M.,El-Ghareeb, A.W., Hamdi, H. and Abu Amod, F. ,2012. Anatomical, 

histological and histochemical adaptations of the avian alimentary canal to their 

food habits: I-Coturnix coturnix.Life Sci. J., 9(3): 253-275 

 

 

 الملخص عربى

التغيرات المىسمية في الجهاز الهضمي للحمامة الصخرية المصرية:" دراسات 

 تشريحية ونسيجية ومسح ضىئي الكترونى"

يهدف هذا العمل  اللد اسا لل الراتلاام المه لمت  لتلد الرااتتلي الرولايست  هال  لت ت  

هاله للرهتتمتبهت  لتا للبه اله للمت  لتسمبخلل  المللياي  الممللاي  . رلللهي الا للبه اله للمت  

لتسمبخ  المياي  المماي  خن المائ , السهصت , المعده, هالاخعبء  الدقتال  هالاتتهل  

مت  لتسمبخ  المياي  المماي  لن بع هب البعض فد نهع . يرتف خ بطق الا به اله 

البطبنلل   الههبسيلل   هاللل  الطتللبم الرللد  روللل  بها للطل هللذه  الههللبسه  ه ه يلل  الاللدا 



Seasonal variations of the digestive tract of Egyptian rock dove …                   97 

 

 
 

ااخ  طباب هب  هاختاا  مك هذه الطبابم .يرلهي الاوبء  الميبطد الذى  يبطن  خ لبطق 

ملب فلد السهصلت   ملب   المائ  خن  ظهلبسه  راالهت   طباتل   خراانل    ههلا ات لا  ل

هللذه  الههللبسه ات للا ان للابطب ها اربخللب ه رسللهع الللد ظهللبسه لمهايلل  هخلعبلل  ب للتط  

لربطتن المعلده الاديل  هالع لتت  لتلد الرهالد.هلذا ال لهع  خلن اليميلب العمبايل  الب لتط  

يبطن الاخعبء الدقتا  هالاتته  هالمذسق.  وتا خعهل  الالدا هاليميلب الله لت   المه لل  

تن  الاوللبء الميللبطد لتم للبطق الميرتهلل  فللد الا للبه اله للمت  الللد ه للها  افللاا ام  بلل

رم ت  هلديدام ال لبسيد المرعبال   بت مب ير   خمرهل الباه ت بم فلد خ لبطق خيرتهل  

خللن الا للبه اله للمت  .للل    ههللا الاتب للبم اله للرهخهسفهخراي  لتم للبطق الميرتهلل  لتا للبه  

الممللاى خللمع  المه للمتن ف المللتف هالوللربء   ا    اله للمت  فللد السمللبخ  المللياى

 اتلللاام  خهمللل  لتلللد  الم لللرهيبم  المهسفهله تللل  هاله لللرهتتمتبهت  بب لللر  بء خ طالللل  

الملائ. اتللدم ال رلبهح السبلتلل  اي السملبخ الملليا  المملا   تطتللهس خاتمل   لا يرعللتن 

                   .لتت   فد ت تا خن  الارتبي  خها هل  الراتاام  البتئت 

 

 

 

 


