
69 

 

 
 

SVU- International Journal of Veter inary Sciences, 1 (2): 69-84, 2018. 

Pr int ISSN: 2535-1826                                                                    Online ISSN: 2535-1877 

 

Research Article                                                                                                                Open Access       

Developmental Studies of the Gastric Junctions of the Post-hatching Muscovy Duck (Cairina 

moschata) 

Fatma A. Madkour1*, Salma A. Mohamed1, Kamal E. H. Abdalla2, Yasser A. Ahmed3 

1Department of Anatomy and Embryology, Faculty of Veterinary Medicine, South Valley 

University 83523, Qena, Egypt, 2Department of Anatomy and Histology, Faculty of Veterinary 

Medicine, Assuit University 71526, Assuit, Egypt, 3Department of Histology, Faculty of Veterinary 

Medicine, South Valley University 83523, Qena, Egypt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Received: September 24, 2018      Accepted: November 13, 2018     Published: November 19, 2018 

*Corresponding Author:    Fatma A. Madkour                              E-mail: madkour.fatma@yahoo.com 

Citation: Madkour et al., Developmental Studies of the Gastric Junctions of the Post-hatching 

Muscovy Duck (Cairina moschata). SVU-IJVS 2018, 1 (2): 69-84. 

Copyright: © Madkour et al. This is an open access article distributed under the terms of the 

creative common attribution license, which permits unrestricted use, distribution and reproduction 

in any medium provided the original author and source are created. 

Competing interest:  The authors have declared that no competing interest exists. 

Abstract 

The current study was carried out on 24 apparently healthy post-hatching Muscovy ducks of both 

sexes ranging from 1-60 days old. They were divided into 5 age groups to investigate the 

development of the junctions of the stomach; esophago-proventricular junction, proventriculo-

gizzard junction (Isthmus gastris) and ventriculo-duodenal junction by using light and scanning 

electron microscopy. The longitudinal folds of the esophago-proventricular junction were 

separated by longitudinal grooves and they were crossed by thin transverse ridges; some of the 

longitudinal folds were branched toward the proventriculus at 60 days old. At one day old, the 

lymphoid infiltrations were observed in the lamina propria at the esophago-proventricular 

junction. With the advancement of the age, abundant diffused lymphoid infiltrations and 

esophageal tonsil were observed. In all age groups, the cuticle covering of the mucosa at 

proventriculus-gizzard junction increased in thickness toward the gizzard. Moreover, in one day 

old duckling, the proventricular glands were observed underneath the gizzard tubular glands, 

these glands were become well developed at 60 days old. The lamina propria of the gizzard-

duodenal junction showed slight lymphatic infiltrations at one day old age. Lymphatic 

infiltrations and more lymphatic aggregations were abundant at 7-15 days. While between 30-60 

days age, lymph nodules were distinct. Numerous endocrine cells were also observed in mucosa 

of the gizzard-duodenal junction. 
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Introduction  

The wild form of the Muscovy duck is a 

forest duck, which is indigenous to Central 

and South America and had been 

domesticated before the arrival of Columbus. 

Its name may have been brought to England 

around 1580 by the Muscovite Trading 

Company (Appleby et al., 2004). The 

terminology relating to the anatomy of the 

avian stomach, the gastric apparatus consisted 

basically of two chambers, the proventriculus 

and gizzard. The isthmus (intermediate zone) 

is a structure between the proventriculus and 

the gizzard (Farner, 1960; McLelland, 1979, 

1993 and Oliveira et al., 2008). In bird, there 

is no distinct esophageal sphincter and the 

loss of longitudinal folds is the only differing 

feature between esophagus and stomach 

(O'Malley, 2005). In domestic birds, the thin-

walled isthmus (intermediate zone) has a 

mostly smooth and glandless mucous 

membrane and contains glands only in the 

duck (Koch, 1973). At the intermediate zone 

between proventriculus and gizzard, there is 

an internal lining, secreted by the inner 

tubular glands, which resemble that of the 

gizzard in being thicker and firmer than the 

mucous secretion of the proventriculus 

although its internal organization is usually 

less developed than in the gizzard secretion 

(McLelland, 1979).The pylorus arises from 

the right face of the ventriculus and connects 

the ventriculus to the duodenum. It is poorly 

developed in some species, such as domestic 

fowl, while and it forms a distinct chamber in 

aquatic species, such as great cormorant 

(Langlois, 2003). The ventriculo-duodenal 

junction forms a well-demarcated zone, easily 

recognizable because of the light colour of its 

wall (Larsson et al., 1974). The pylorus is a 

fold forming a valve between the gizzard and 

the duodenum, this fold prevents food from 

re-entering the gizzard (Harrison and 

Harrison, 1986). The available literature 

revealed that there is paucity of data on the 

anatomical details of the gastrointestinal tract 

especially gastric junctions of Muscovy 

ducks. Therefore, present investigation was 

planned to note light and electron microscopic 

details on post hatching development of 

various junctions of stomach in Muscovy 

ducks.  

Material and methods 

Twenty four healthy post-hatching 

Muscovy ducks (Cairina moschata) of both 

sexes ranging from 1-60 days old were 

obtained from local farms in Assiut 

Governorate were used for this study. They 

were divided into 5 age groups (viz. 1, 7, 15, 

30 and 60 days old). The birds were sacrificed 

and bled completely, after incising body 

cavity, the gastrointestinal tract was separated 

from the body cavity and then stomach was 

dissected with part of esophagus and 

duodenum. For SEM, 3 birds of each 1, 15 

and 60 days old groups were used. Esophago-

proventricular, proventricular-gizzard and 

gizzard-duodenal junctions were washed for 

several times in normal saline and acetic acid 

2%, then fixed in 4% glutaraldehyde solution 

for 24 hours, then post fixed in 2% buffered 

osmium tetraoxide. The fixed samples were 

washed in 0.1 M cacodylate buffer at pH 7.3, 

then dehydrated in ascending grades of 

ethanol, critical point-dried in liquid carbon 

dioxide, and mounted on metal stubs then 

coated with gold palladium in sputtering 

device. Specimens were then examined and 

photographed using JSM-4500 LV scanning 

electron microscope operated at 20 KV. For 

light microscopy, 3 birds of each group were 

used. The longitudinal sections of the 

junctions were taken just after sacrificing, 

washed with saline and then fixed in 10% 

neutral buffered formalin. After proper 

fixation, the tissue samples were dehydrated 

in ascending grades of alcohol, cleared in 

methyl benzoate and embedded in paraffin 

wax. Sections of 5µm thickness were taken 

and stained with Harri's Haematoxylin and 

Eosin (H&E), Periodic Acid Shiffs technique 
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(PAS) stains. The sections were examined 

with a light microscope. All stain techniques 

were adopted after (Bancroft and Gamble, 

2008).  

Result  

  The stomach (gaster) in all groups was 

consisted of two anatomically distinct parts; a 

small cranial part proventriculus (pars 

glandularis) and a large caudal part; gizzard 

(pars muscularis or ventriculus). The junction 

between two parts of the stomach is called 

proventricular-gizzard junction (isthmus 

gastris). The proventriculus was separated 

from esophagus by esophago-proventricular 

junction. The ventriculo-duodenal junction 

(pylorus) was arouse from the right face of the 

gizzard and connects the gizzard to the 

duodenum. 

I- Esophago-proventricular junction: 

The scanning electron microscopic 

examination indicated that at one day, the 

longitudinal folds of the esophago-

proventricular junction were separated by 

longitudinal grooves and thin transverse 

ridges, which were disappeared gradually 

toward the proventriculus, crossed them. With 

the advancement of the age, these folds 

became well developed; some of them were 

branched toward the proventriculus at 60 days 

old. Moreover, the thickness of the transverse 

ridges increased in size and they were 

separated by narrow transverse grooves (Fig. 

1A-F). The demarcation between the 

esophagus and proventriculus could be 

recognized at one day old, which became 

clear at 15 days and clearly distinct at 60 days 

old. In addition, at the latter age, the openings 

of the esophageal glands were observed at the 

esophago-proventricular junction (Fig. 2A-C).  

By light microscope, many 

developmental changes could be observed at 

the esophago-proventricular junction. At one 

day, stratified squamous epithelium of 

esophagus had abruptly transformed to simple 

columnar epithelium of the proventriculus 

(Fig. 3A-C). In lamina propria, the number of 

adenomeres of the proventricular glands was 

decreased toward the esophago-proventricular 

junction, and the mucous esophageal glands 

gradually disappeared (Fig. 3A). In addition, 

the lymphatic infiltrations were observed in 

the lamina propria at this junction, they were 

penetrated by deep invaginations of simple 

columnar epithelium of the proventriculus 

wall. These lymphatic infiltrations were 

extended to the invaginated epithelium, which 

was known as intraepithelial lymphoid 

infiltrations (Fig. 3A, B). The muscularis 

mucosa, at the junction had bundles of 

circulatory arranged smooth muscle fibers 

located around the superficial lobules of the 

proventricular glands (Fig. 3A). The tunica 

muscularis of the proventriculus continued in 

the junction and markedly increased in 

thickness toward the esophageal region (Fig. 

3A). At 7 days, the muscularis mucosa of the 

esophago-proventricular junction continued to 

grow deeper and occupied the upper portion 

of the lamina propria, and it was interspersed 

between the lobules of proventricular glands. 

At 15 days, abundant diffused lymphoid 

infiltrations and indistinct lymph nodules or 

tonsil-like aggregates (termed as esophageal 

tonsil) were seen in lamina propria, which 

were indistinctly encapsulated with 

connective tissue (Fig. 4A, B). The 

continuation of the muscularis mucosa and 

muscular layer of the proventriculus with the 

corresponding layers of the esophagus was 

more distinct at this age (Fig 4A). At 30 days, 

the diffuse lymphoid infiltrations were 

increased, and the esophageal tonsils were 

variable in size and their encapsulated 

connective tissue encapsulation became more 

distinct than earlier stages (Fig. 4C). At 60 

days, the esophageal mucous glands were 

observed at the junction between esophagus 

and proventriculus. Lymphatic nodules above  
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and underneath these glands were recognized. 

The muscularis mucosa, which was 

interspersed between the lobules of the 

proventricular glands, was more distinct than 

the younger ages (Fig. 4D). Up to 15 days, the  

muscularis mucosa was increased in thickness 

at the esophago-proventricular junction 

toward the esophagus while muscular layer 

had nearly the same thickness toward both the 

esophagus and proventriculus (Fig. 4A, C, D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Scanning electron micrographs of the esophago-proventricular junction  of 1- (A & 

B), 15- (C & D) and 60-day-old (E & F) Muscovy ducks. Note; proventriculus (barbed arrow; A, 

C & E), longitudinal folds (arrow; A-F) crossed by transverse ridges. 
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Fig. 2. Scanning electron micrographs of 

the esophago-proventricular junction  of 

15- (A) and 60-day-old (B, C) Muscovy 

ducks. Note; demarcation (arrow; A, B) 

between proventriculus (barbed arrow, A) 

and esophagus, openings of the esophageal 

glands (arrowheads; B) and numerous 

esophageal glands at cross section of the 

junction (EG; C). 

 

Fig. 3. Photomicrographs of 

the esophago-proventricular 

junction  of a 1-day-old 

Muscovy duck stained with 

H&E (A-C). Note; stratified 

squamous epithelium of 

esophagus (arrowhead), 

simple columnar epithelium of 

the proventriculus (arrow), 

proventricular gland (PG), 

esophageal gland (EG), 

muscularis mucosa (mm), 

muscular layer of 

proventriculus (double arrows) 

and muscular layer of 

esophagus (double 

arrowheads), intraepithelial 

lymphoid infiltrations (IL).  

Magnifications; (A) X40, (B) 

X100 and (C) X1000. 
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Fig. 4. Photomicrographs of the esophago-proventricular junction of 15- (A & B), 30- (C) 

and 60-day-old (D) Muscovy ducks stained with H&E (A-D). Note; proventricular lobules (PL), 

diffused lymphoid infiltrations (L), muscularis mucosa of proventriculus (mm1), muscularis 

mucosa of esophagus (mm2) and muscular layer (MM), indistinct lymph nodule (esophageal 

tonsil) (LN), esophageal glands (arrows) with lymph nodules (Ln) above and underneath these 

gland. Magnifications; (A, C & D) X40 and (B) X100. 


