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There are many reports regarding the 
anatomy of proventriculus (the glandular 
stomach) in domestic fowl (Calhoun, 1954, 
Aitken, 1958, Bradley, 1960 and Hodges. 
1974), but there has been only very limited 
systematic study on tl~e structure of 
proventriculus in Japanese quail (Cotarr~tix 
coturnix japo~zica). Solis and Quitazol (1964) 
made an account of gross anatomical 
observations on the digestive system of Japanese 
quail. The present study is aimed at studying 
the morphology and histology of the 
proventriculus of Japanese quail at different 
ages. 

Materials and Methods 

Seventy two Japanese quails were used for 
the present study. The quail chicks were selected 
randomly from a single hatch and reared from 
day-old to 60 days of age. After recording the 
live body weight, the proventriculus was 
dissected out fi•om six freshly killed quails each 
at three days interval upto 15 days, at five days 
interval upto 30 days and then at 10 days interval 
upto 60 days of age. The weight, length, 
diameters (anterior, middle and posterior 
diameters) and gross features of proventriculus 
were recorded. The material was fixed in 
formol saline and processed by routine 
histological methods. Paraffin sections of 5 m 
thickness were taken. The sections were 
stained by Haematoxylin and Eosin (H&E), van 
Gieson's method, Verhoeff's Haematoxylin, 

Periodic Acid Schiff's (PAS) Reagent and 
Gomori's one step trichi•ome method. 

Results and Discussion 

Gross observations 

The proventriculus was an elongated, 
spindle-shaped organ with the mucosa studded 
with mi►~ute nodules as observed by Solis and 
Quitazol (1964) in quail. It was continuous with 
oesophagus in front and gizzard behind. Tlie 
mucosal folds of oesophagus were found to 
terminate at the oesophago-proventricular 
junction. The wall of proventriculus was thick 
and the junction of proventriculus with 
oesophagus was not obvious externally. But at 
the junction of proventriculus with the gizzard, 
there was a distinct light-coloured constriction, 
the isthmus. Tl~e isthmus connected proven-
triculus with the craniodorsal sac of gizzard. 
The nodules on the mucosa were absent at the 
isthmus. 

The proventriculus was related on the left 
side and on the ventral surface to the left lobe 
of the lives• and on the right side to the spleen. 
On the dorsal surface it was related cranially to 
the left lung and caudally to the left testis in 
male and ovary and cranial part of the oviduct 
i n female. 

The average length and weight of 
proventriculus at different ages are shown in 
Table 1. 

Part of M. V.Sc. thesis submitted by the first author to Kerala Agricultural University. 



Structure and postnatal development of the proventriculus in Japanese quail 

Table 1 Mean (± SE) body weight and length and weight of proventriculus at different ages 
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Age in days Body weight(g) 
Proventriculus 

Length (cm) Weight (g) 
Day-old 6.197±0.295 0.667±0.033 0.0480±0.004 

3 9.690±0.550 0.783±0.031 0.0795±0.006 
6 14.300±0.699 0.850±0.034 0.1250±0.005 
9 18.900±2.353 0.883±0.054 0.1477±0.019 
12 25.662± 1.983 1.033±0.033 0.2053±0.014 
15 32.822±3.046 1.217±0.054 0.2675±0.043 
20 41.348±2.183 1.267±0.056 0.2708±0.019 
25 62.107±2.766 1.383±0.031 0.3283±0.030 
30 79.167±4.053 1.433±0.056 0.5520±0.027 
40 121.667±7.379 1.500±0.045 0.6300±0.006 
50 134.167±5.689 1.630±0.033 0.8765±0.019 
60 149.833±5.431 1.717±0.048 0.9263±0.008 

The length of the proventriculus increased 
2.6 times in 60 days from 0.667 ± 0.033 cm to 
1.717 ± 0.048 cm. The weight of the 
proventriculus increased 19.3 times from 0.048 
± 0.004 g at day-old to 0.9263 ± 0.008 g at 60 
days of age with a higher growth rate between 
25 and 30 days of age (Fig. 1). Upto 15 days 
of age, the rate of increase was more than that 
of body weight. The contribution of proven-
triculus to body weight was a maximum of 0.87 
per cent at six days of age and it reduced to 

0.62 per cent at 60 days of age. The weight 
had a significant correlation with length (r = 
0.931) and body weight (r = 0.986). According 
to Ziswiler and Fanner (1972) the size of the 
glandular stomach in birds was significantly 
correlated with the volume of food intake. 

The middle portion of proventriculus had 
a greater diameter than anterior and posterior 
portions and tl~e posterior part was wider than 
the anterior part in all the age groups 
(Table 2). 

Table 2 Diameter of the proventriculus at different ages (Mean ± SE) 

Age in days 
Diameter (cm) 

Anterior Middle Posterior 

Day-old 0.200±0.000 0.375±0.021 0.245±0.017 

3 0.2?5±0.017 0.467±0.033 0.233±0.017 

6 0.250±0.013 0.500±0.000 0.325±0.017 

9 0.267±0.031 0.530±0.033 0.330±0.036 

L 0.275±0.021 0.608±0.020 0.342±0.020 

1S 0.308±0.020 0.633±0.049 0.350±0.037 

20 0.317 .017 0.650±0.022 0.392±0.008 

?5 0.325±0.017 0.683±0.040 0.433±0.025 

30 0.358±0.020 0.717±0.031 0.458±0.020 

40 0.375±0.017 0.792±0.020 0.483±0.017 

50 0.383±0.031 0.800±0.052 0.517±0.031 

60 0.408 .027 0.900±0.000 0.567 .021 



ss Journal of Veterinary and Animal Sciences, 30 (1999) 

Fig.1 Weight of Proventriculus at Different Ages 
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Histology 

At the oesophago-proventricular junction 
the lining epithelium changed abruptly from 
stratified squamous epithelium of oesophagus 
to simple columnar epithelium of proven-
triculus. The lamina propria was heavily 
infiltrated with lymphoid tissue and contained 
some oesophageal mucous glands and many 
blood vessels (Fig. 2). 

The longitudinal layer of muscularis 
mucosa of oesophagus became continuous with 
the tunica muscularis of proventriculus. 
Submucosa was very thin or even absent in some 
places. The outermost layer consisted of loose 
connective tissue with many blood vessels and 
nerves and was covered by a serous layer. 

The mucosa of proventriculus was thrown 
into folds, the plicae, of varying height with 
intervening depressions, the sulci. The surface 

,~~, 
,: 

Fig. 3 Cross section of proventriculus (60 days). Trichi•ome x 250 

(1) Epithelium (2) Lamina propria (3) Compound gland 
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Fig. 2 Oesophago-proventricular junction (60 
days). H & E x 160 (1) Lymphoid tissue (2) Grand 

epithelium of mucosa consisted of columnar 
cells with basal nuclei and foamy cytoplasm. 
Most of these cells contained PAS positive 
supranuclear mucin granules as in the fowl 
(Aitken, 1958 and Hodges, 1974). The granules 
were few or absent in the surface cells and in 
the deeper laying cells. The height of the 
epithelium diminished towards the bases of the 
sulci (Fig. 3), where the cells were cuboidal in 
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shape. From the bases of the sulci, many simple 

tubular glands extended into the lamina propria. 

These glands were lined by columnar cells with 

large, spherical basal nuclei and PAS positive 

supranuclear mucin granules. Bradley (1960) 

observed that these cells had features of 
hydrochloric acid production in fowl. Ziswiler 
and Farner (1972) reported the secretion to be 
mucous and merocrine. But Hodges (1974) 
noticed that these glands were absent in a 
proventriculus which was well expanded on 
fixation. Fat vacuoles were observed in these 
superficial proprial glands and epithelial cells 
but not in the submucosal compound glands, 
which was also noticed by Wight (1975) in both 
fasted and control domestic fowls. As there was 
no evidence of lipid secretion by these cells, 
the lipid might be accumulated during fasting 
as a readily available energy store for re-

alimentation. 

Lamina propria consisted of collagen fibres 

and very few elastic fibres with diffuse and 

aggregate forms of lymphoid tissue as in chicken 

(Calhoun, 1954 and Hodges, 1974). Below the 
propria, isolated longitudinal bundles of smooth 

muscle made up the muscularis mucosa in this 
study. 

According to Calhoun (1954), Ziswiler and 
Farner (1972), Hodges (1974) and Czarnecki 

(1977) the compound proven-tricular glands in 
domestic fowl were mucosal in position as they 

occupied a major portion of lamina propria. In 
the present study, these glands occupied the 
submucosa similar• to reports by Aitken (1958), 

Bradley (1960) and Toner (1963) in domestic 
fowl. Submucosa, the thickest layer, consisted 
of loose connective tissue of collagen and elastic 
fibres which surrounded the glandular lobules 

and contained many blood vessels and nerves. 

The compound tubular glands were arranged as 
numerous rounded or polymorphic lobules, 
which were larger in the middle part of 
proventriculus. Each lobule consisted of 

numerous straight tubules radiating from a 
central cavity. Between the tubules there were 
blood capillaries. The glandular epithelium 

consisted of a single layer of cuboidal to low 
columnar cells which made contact with adjacent 
cells towards their base and had a dentate 
appearance. Most of these cells bulged into the 
lumen, showed intense acidophilia of the 

cytoplasm and had spherical or oval nuclei. 

Toner (1963) stated that the dentate appearance 

represented an artifact due to shrinkage during 

fixation and was made possible by the basal 

location of the terminal bars plus absence of 

desmosomes. The basal location of terminal 

bars allows the use of most of the lateral and 

apical surfaces for secretion. Chodnick (1947) 
considered that the shape of the cell varied 
according to the degree of functional activity. 
The cells of the glands were oxyntico-peptic 
cells which secreted both hydrochloric acid and 
pepsinogen hence combining the functions of 

both chief and pal•ietal cells of mammals and 

resembled the amphibian's gastric gland cells 

which are not differentiated into acid and enzyme 

secreting types (Toner, 1963). 

Groups of tubules joined together to form 

a short tertiary duct, which opened into the 

cavity of the lobule. From the central cavity, 

secondary duct originated. Secondary ducts of 

several lobules joined together to form a 

primary duct, which passed up through the 
mucosal nodules and opened into the lumen of 

the proventriculus (Fig.4). 
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Fig. 4 Cross section of proventriculus showing glandular duct opening to the proventricular 
lumen (60 days). H & E x 250 (1) Glandular duct (2} Lumen of proventriculus 

The duct was lined by tall columnar cells 
with spherical nucleus and foamy cytoplasm. 
The secondary and tertiary ducts were mucin 
free. 

The tunica muscularis consisted of a thick 
inner longitudinal, middle circular and a much 
thinner outer longitudinal layer of smooth 
muscle as observed by Bradley (1960) in fowl. 

Tunica adventitia was composed of collagen 
and very few elastic fibres, blood vessels and 
nerves, The outermost was the serosa. 

At the isthmus, the glands and the outer 
longitudinal muscle layer of proventriculus 
disappeared and the inner longitudinal muscle 
layer merged with the middle circular Iayer to 
form the muscles of craniodorsal sac of gizzard. 
A thin layer of koilin, lining the lumen of 
gizzard, and glands resembling gizzard glands 
were present. Similar findings were reported 
by Hodges (1974} in fowl. 

Summary 

The structure and postnatal development 

of proventriculus in Japanese quail were studied 

using 72 quails aged from day-old to 60 days. 

The proventriculus was spindle-shaped and had 

a mucosa studded with nodules. Lamina propria 

contained simple tubular glands. Muscularis 

mucosa consisted of isolated bundles of 

longitudinal smooth muscle. Compound tubular 

glands were present in the submucosa. Tunica 

muscularis consisted of inner and outer 

longitudinal and middle circular layers of 

smooth muscle. Outermost was the serosa. 
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