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A Comparative Histomorphological and Histochemical Study of the Ventriculus 
between Iraqi Adult Geese (Anser anser) and Guinea fowls (Numidia meleagris)
Iman Mousa Khaleel1*,Khalid Ibrahim Abd Alkhazraji2

Abstract: The present study aimed to describe and compare the histomorphological and histochemical structures to 
ventriculus in Goose(Anser anser) and Guinea fowls (Numidia meleagris). The work was carried out on twenty apparently 
clinically healthy birds obtained from a supplier in Baghdad city. They were allocated in two equal groups of each type 
of bird. The two groups were utilized for histological and histochemical investigations of their ventriculus organ. After 
anesthesia and killing birds, their abdominal cavity was dissected, their ventriculus was identified and proper specimens 
from its walls were prepared. The samples designated for histochemical staining were fixed in a solution of bruin's fixative, 
while the others for general histological examination were fixed in (10%) neutral buffered formalin. After processing, the 
sections were stained with (2.5 PH) Alcian- PAS combination, periodic acid Schiff, Masson Trichrome, and Hematoxylin 
and Eosin stains. This study elucidates that the microscopic construct of the ventriculus was similar for the two species.
The ventriculus consists of three tunicates (serosa, muscularis, and mucosa), whereas the submucosa is absent. The wall 
showed some significant differences in morphometric measurements. The mucosa of the ventriculus is coated with a thick 
layer of cuticles organized as a wavy clear pink line parallel to the mucosal surface and mucosal folds. The simple cuboidal-
columnar epithelium covered the mucosa, which showed many folds. The proprial glands (simple tubular type) are lined 
by simple cuboidal epithelium, which opens into the crypts between the folds. A well-developed muscular comprised of 
smooth muscle fibers as two layers of inner circular and outer longitudinal. Serosa is composed of loose connective tissue 
coated by mesothelium. The Mean thickness of Cuticle, length of folds, mucosa and muscular in goose were significantly 
higher than that in guinea fowl; these differences may be due to variation in their diet. PAS and AB-PAS combined (2.5-PH) 
stains, cuticle layer, epithelium lining, and gastric glands showed a positive reaction with these stains. This study aimed to 
Study the normal histomorphological histochemical and structure of Gizzard in two avian species, local male guinea fowl 
(Numidia meleagris) and male geese (Anser anser). Also aimed to Comparative histomorphological, histomorphometric 
measurements and histochemical study of the Gizzard of two different local male avian species (Guinea fowl and geese).
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Introduction
Avian species have different adaptations for the diges-

tive processing of their foods1. Several kinds of research 
were designed on habits of food and affecting activity and 
characteristics of morphology in avian digestion organs2. 
The digestive organs treat as machines that act for maintai-
ning numerous activities; therefore, the differences in their 
functional capacities may affect their metabolic rates. Aves 
have high metabolic rates, which correspond with their re-
quirement; thus, they must eat a large amount of diet3. Ge-
nerally, the stomach is considered the most active portion 
of the avian digestive system; it consists of two parts,  that 
are the proventriculus and ventriculus or Gizzard. The sha-
pe and size of these two parts of the avian stomach were 
varied and affected by the type of food. The proventriculus 
wall was- thin and glandular4. The ventriculus contains grit, 
which facilitates beside muscle in grinding up the foods5. 
Birds were divided into three types according to their sto-
mach type eating birds in which the ventriculus has me-
chanical action on a diet, such as a sparrow and a turkey, 

secondly the soft eating birds in which the ventriculus (Gi-
zzard) as a stockist of food represented by owl and kestrel 
intermediate food eating birds as in hoopoe and geese in 
which the main function of ventriculus(Gizzard) was storage 
and physical digestion6.

Materials and methods 

Birds
The current study was conducted on ten healthy male 

birds, guinea fowl and ten male goose obtained from a local 
Baghdad city supplier. This study was done in the laboratory 
of the Department of Anatomy and Histology, College of Ve-
terinary Medicine, University of Baghdad.  

Histological Technique
Specimens from ventriculus tissue were taken from 
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a different region, washed with normal saline and fixed in 
10% buffered formalin saline. All samples were processed 
in a series concentration of ethanol alcohol procedure and 
section at 6-7µm. Some sections were stained routinely 
with hematoxylin and eosin to detect the construction of the 
studied tissue; others with special stain Masson's Trichrom 
for collagen and smooth muscle fibers. Periodic acid Schiff 
(PAS) Stain was used for mucopolysaccharides, while PAS-
AB(PH 2.5) for neutral and acidic mucins7. The histological 
sections were photographed using a digital camera connec-
ted to a computer; sections were photographed at different 
adjustment power(3.7 x,4x,10x and 40x ).

Statistical Analysis
The Statistical Analysis System- SAS8 program, Users 

Guide. (Statistical Version 9.1th ed SAS. (USA).

Results
The microscopic observations of the ventriculus in male 

goose and guinea fowl generally were similar, which revea-
led that the ventricular wall in both species was comprised 
of tunica serosa, muscularis, submucosa not present and 
mucosa. The mucous membrane in the ventriculus was co-
vered by a layer of thick Keratin-like secretion known (Cuti-
cle) which was organized as a wavy clear pink line parallel 
to the mucosal surface and the mucosal folds (Fig.1) . Mean 
thickness of this layer was significantly higher in geese than 
in guinea fowls (Table1). 

The mucosa was thrown into distinct numerous narrow 
longitudinal mucosal folds, which lining mostly with simple 
cuboidal to columnar cells (Fig.2). Proprial glands (tubular 

mucous glands) were lined by simple cuboidal epithelium(-
Fig.3). The mean length of folds and mean thickness of tuni-
ca mucosa was significantly higher in geese than in guinea 
fowls, but non especially difference in the height of lining 
epithelium between the two species (Table1). 

The Propecia was filled by gastric or proprial glands 
(simple tubular glands), which opened into the crypts be-
tween the folds and arranged into two portions, the first 
were long, straight, and its contents were ejected, while the 
second one was short, oval-shaped and packed,  the pro-
prial connective tissue observed extended into the core of 
the narrow fold (Fig.3,4), also the propria was wealthy by 
the collagenous fibers. The muscularis mucosa was present 
but interrupted in the ventriculus wall; the submucosal layer 
was absent (Fig. 5). 

A well-developed muscular layer in two studied birds 
which comprised of fibers of smooth muscles organized in 
thick inner circular and outer thin longitudinal layers and 
narrow lines of connective tissue observed between the 
smooth muscle fibers (Fig.6), The mean thickness of this 
layer was significantly higher in geese than in guinea fowls 
(Table1),   The serosal layer was formed by loose connecti-
ve tissue covered by a mesothelium (Fig.7). The mean thic-
kness of this layer was higher none significantly in guinea 
fowl than in geese (Table 1).

Histochemical
The ventriculus surface epithelium was covered by a la-

yer of Cuticle which gave a pinkish color due to a positive re-
action to PAS stain(Fig.8,9). On applying the PAS stain, the 
secretory material within the lumina and the epithelial cells 
lining the folds of ventricles positively reacted toward PAS 
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Table 1. Comparison between Adult Male Guinea fowls and Geese in parameters study.

Figure 1. Photomicrograph illustrate the Ventricular wall showed: Cuticle (C), Mucosa ( M)Mucosal folds(F). A- 10 X Mas-
son's TrichTrichrome  Stain in Guinea fowl. B- X 10  H&E Stain in Goose.
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Figure 2. Photomicrograph illustrates the Ventricular showed: Epithelium (E), fold (F), Cuticle(C),  A- X 40 H&E in Goose,  
B- X 40  H&E Stain in Guinea f.

Figure 3. Photomicrograph:  illustrate the Ventricular showed:  Mucosal or proprial Glands(G), Epithelium; Simple cuboi-
dal epithelium  (E), A-10X H&E Stain in Male Goose.   B- 40 X PAS Stain in Male Goose.

Figure 4. Photomicrograph illustrates the  Ventricular showed: Mucosal  Foldes(F), Mucosal glands or proprial Glands(G), 
Connective tissue of  Lamina propria(L), A- X 10  H&E in Goose B- X 10 H&E in Guinea Fowl.
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technique(Fig.9A), indicating the presence of neutral mu-
cin. In combination with AB-PAS stain (2.5-PH), the Cuticle 
covering of ventricular mucosa gave rise to a positive reac-
tion toward this technique (Fig10) due to finding the neutral 
to acid mucin. A similar response with the same technique 
(positively) was shown in gastric crypts and the cells of the 
epithelial lining of ventriculus which indicate to found of the-
se types of mucin (acidic and neutral) (Fig.11,12).  

Discussion
The microscopic findings observed that the ventricular 

wall was comprised of three layers, and the submucosa was 
not present; this result disagrees with (9) in the barn owl. 
A cuticle covered the mucous membrane, comparable with  
(10) in pigeon Columba palumbus. The mean thickness of
this layer was significantly higher in geese than in guinea

Figure 5. Photomicrograph illustrates the 
Ventriculas in Male Guinea Fowl showed: 
collagenous fibers of propria (F), Mus-
cularis mucosa(mM), Muscularis(M) 10X 
Masson's Trichrome Stain.

Figure 6. Photomicrograph illustrates the Ventriculas in Male Guinea Fowl: Muscular layer (M), Collagenous fibers (F),   
10X Masson's Trichrome Stain.

Figure 7. Photomicrograph illustrate the 
Ventriculas in Male Guinea Fowl showed:  
Serosal layer ( S), Muscular layer (M),  
Adipose tissue(A) 10X H&E  Stain.
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Figure 8. A, B: Photomicrograph illustrate the  Ventriculas in Male Goose showed: Cuticle(C), Mucosal Folds(F),  Epithe-
lium (E)  A-10X PAS Stain. B- 40X PAS.

Figure 9. Photomicrograph illustrate the  Ventriculas showed:  Cuticle(C), Epithelium (E), Folds(F), Glands A- X 10  PAS 
Stain. in Guinea Fowl B- Mucosal Glands in Lamina propria 40X PAS in Geese.

Figure 9. Section illustrate Showed Ventriculas Male Guinea Fowl showed: Cuticle(C), Epithelium (E), Folds(F), 40X  
PAS-AB Stain.
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fowls. The absence or presence and thickness of Cuticle 
were related to the type of the bird's diet11. The thin Cuticle 
was found in frugivores while a thick Cuticle was observed 
in granivores;, a layer of cuticle act like a crushing surfa-
ce which facilitates digestion of food mechanically by the 
muscular stomach, therefore the granivorous, insectivorous 
and herbivorous own a thick layer of the Cuticle as well as 
the firm stomach was distinctively developed12. The mucosa 
was thrown into longitudinal mucosal folds lining with mostly 
simple cuboidal to columnar cells as found in blue and ye-
llow macaws by (13). The proprial glands (tubular mucous 
glands) are lined by simple cuboidal epithelium, a similar 
result recorded in Mallard by (14).

The mean height of lining epithelial cells was higher 
non significantly. Still, the mean length of folds and mean 
thickness of tunica mucosa were substantially higher in 
geese than in guinea fowl. The propria was filled by gastric 
glands (simple tubular glands), which were arranged into 
two shapes; the first appeared long and straight, while the 
second present as short, oval-shaped and packed; a similar 
result was reported by (6); also, the propria was rich by the 
collagenous fibers,  while the muscular mucosa appeared 

interrupted. This finding was parallel to the findings recor-
ded by (15) in Brown Falcon but disagreed with Black-tailed 
Crake by (16).

The submucosal layer was absent; this was agreed 
with (17) in coot birds but disagreed with (18) in black-win-
ged Kite. A well-developed muscularis in two studied birds 
comprised outer thin longitudinal and inner thick circular la-
yers of smooth muscle fibers. The mean thickness of this 
layer was significantly higher in geese than in guinea fowl, 
this observation was following that found by (18), but (13) 
noticed only one developed circular layer was present in 
Blue and Yellow macaws, while (15) reported in Brown Fal-
con this layer was constructed from three orientations; thin 
inner and outer longitudinal, and in between thick circular. 
Development of this layer may concern the bird's mechani-
cal grinding capability to the ingested foods; the contracted 
ventricular muscular act to mechanically digest the consu-
med foods; thus, the avian herbivorous, insectivorous, and 
granivorous have a thick cuticle layer and muscular ventri-
culus. In contrast, species that eat food that unrequired me-
chanical digestion significantly as piscivores or carnivores 
possesses mostly a thin or undeveloped ventriculus with a 

Figure 10. Photomicrograph illustrates Ventriculas in Male showed Epithelium(E), Folds(F), 40X  PAS-AB Stain.

Figure 11. Photomicrograph illustrates the ventriculus in male Guinea showed: Mucosal crypts or Glands (G), Lamina 
propria(L) 10X PAS-AB Stain.
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thin cuticle12,14. The serosal layer was formed by loose con-
nective tissue covered by a mesothelium; this finding was 
concerned with previously observed in (9) in mallard and 
Columba palumbus. The mean thickness of this layer was 
higher (non significantly) in guinea fowl than in geese.

Conclusions
The study concluded that presence of similarity in his-

tological composition in ventriculus of two birds (goose and 
guinea fowls) with some significant micro morphometric 
measurements differences and similar to those reported in 
herbivorous, granivorous and insectivorous species which 
have thick Cuticle and ventriculus, but differ from of carnivo-
res and piscivores which possesses a rudimentary ventricu-
lus and soft Cuticle that not require significant mechanical 
digestion and this differences may be due to the adaptation 
to the food types.
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