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ARTICLEINFO ABSTRACT

Article history: To study the comparative morphology and morphometry of the
Received 18 August 2012 gastrointestinal tract of the Japanese quail and pigeon, a total
Accepted 25 August 2012 number of twenty birds twenty birds (comprising of ten pigeons and
Available online 28 August 2012 ten Japanese quails) of both sexes were used obtained and used by

the researhers. The birds were weighed, dissected and the different
parts of the gastrointestinal tract located and eviscerated from which
the comparative morphologic and morphometric studies were
carried out. The numerical data generated were subjected to
statistical analyses using the Microsoft Office Excel 2007 and
GraphPad Instat statistical package, with values of P<0.05 considered
significant. The weights of esophagus in quail and pigeon were
1.66+0.15g and 1.62+0.2g respectively (P>0.05), their corresponding
lengths were 9.77+0.35cm and 12.46+0.99cm respectively, while the
mean body weights of the quail and pigeon used in the study were
159.548.18g and 265+4.86g for the quail and pigeon, respectively
(P>0.05). The mean weights of the proventriculus in the quail and
pigeon were 0.69+0.07g and 0.54+0.09g respectively (P>0.05) and
their mean lengths were 1.75+0.13cm and 1.44+0.28cm respectively;
this was not considered significant relative terms. The weights and
lengths of gizzard in the quail and pigeon showed different values
with the ultimate conclusion that the gizzard’s weight and length
were higher in the pigeon than in the quail (P<0.05). It was also seen
in both absolute and relative terms that the lengths and weights of
the small intestines in the pigeon were higher than that of the quail
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though with no considerable significant differences (P>0.05). The
ceca in the pigeon was rudimentary in contrast to the robust type
found in the quail, the weights of both the right and left ceca in the
quail and pigeon were considered very significant (P<0.05) and their
corresponding lengths considered extremely ssignificant (P<0.05).
The colon, being the terminal part of the large intestine is located
caudal to the ceca, had their weights in both quail and pigeon not
significantly different statistically, but in absolute and relative terms
they differed from each other similarly the lengths of the colon in
both bird types were considered significant (P<0.05). The vertebrate
gastrointestinal tract is a dynamic and energetically expensive organ
system whose various anatomical and physiological parameters were
regularly being used in clinical evaluations and for assessing
dynamics of growth and associated physiological functions for
normal and anomalous developments in birds, the knowledge of
which will not only add to literatures in these bird types but which
will also aid in understanding their biology and mode of
domestication as well as being useful for poultry pathologists and
clinician, more especially when carrying out postmortem
examination.

© 2012 Sjournals. All rights reserved.

1. Introduction

The pigeon (Columbia livia) is one of the commonest birds kept and bred by amateurs as ornamental birds,
messenger and for meat purpose and a member of the bird family Columbidea (dives and pigeons) (Gibbs et al.,
2007). They originally originated from Europe, and at present widely distributed all over the world. During the
eighteenth and nineteenth centuries, feral pigeons were spread intentionally and/or accidentally by travelers
(Johnston and Janiga, 1995). They are robust, resistant to disease and easy to keep requiring only simple cage and
equipment and little space and can be kept on free range. Pigeon production is cheap as the pigeons are mostly
kept on free range with only small boxes or houses, which accommodate them and requires less capital outlays in
terms of housing, management and health care (Omojola et al., 2012; Kigir et al., 2010).

The Japanese quail is a small avian species kept for meat and egg production (Minvielle, 1998; Baumgartner,
1994). It is widely being used as a model in research in a variety of disciplines including physiology, nutrition,
endocrinology, pathology, embryology, reproduction and immunology. Physiological and anatomical parameters
serve as valuable tools for predicting outcome consequences (Tilgar et al., 2008; Vatsalya and Arora, 2011).

Some reports have been published on the morphology and morphometry of the small intestine of some
species of birds (Casotti, 2001; Lavin et al., 2008, Igwebuike and Eze, 2010; Wang and Peng, 2008; Mobini, 2011),
but there is a paucity of information on the morphology of the digestive tract of the Japanese quail and pigeon. It
is known that environmental diversification of the habitat of birds and their consecutive ways of nourishment, as
well as the sorts of food they feed on constitute a source of great variety in the structure of their digestive tract
(Dziala-Szczepanczyk and Wesolowska, 2008), the vertebrate gastrointestinal tract is a dynamic and energetically
expensive organ system (Brugger, 1991), though the digestive system in the domestic fowl is very simple but
efficient when compared to many other species like cattle, it need needs to be studied. Thus, this study aims at
evaluating the morphologic and morphometric gastrointestinal tracts of the quail and pigeon, the knowledge of
which will not only add to literatures in these bird types but would also aid in understanding their biology and
mode of domestication, as well as finding application in poultry medicine and to poultry pathologists.

2. Material and methods
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Twenty birds (ten pigeons and ten Japanese quails) of both sexes were purchased from a poultry market in
Sokoto metroplis, Sokoto-Nigeria, were used in this study. Immediately after purchase, the birds were caged in
well ventilated cages and transported by road to the Department of Veterinary Anatomy, Faculty of Veterinary
Medicine, Usmanu Danfodiyo University, Sokoto. The birds were sedated lightly using chloroform as inhalant
anaesthetic. The body weight (live weight) of each bird was obtained with a Digital Electronic balance (CITIZEN
SCALES 1 PVT. LTD, Model MP-600, with a sensitivity of 0.01g). The birds were then euthanized by an overdose of
chloroform soaked on cotton wool with each bird put in an enclosed container. With the birds on dorsal
recumbency an incision was made caudo-cranially from the vent to the shoulder joint on the lateral surface, the
keel bone and associated muscles were reflected to the opposite side thereby giving access to the viscera. The
location of the esophagus, crop (where present, because some were ruptured in the course of the dissection),
proventriculus, gizzard, small intestine, ceca and colon were studied in-situ, then exteriorized and snapped using a
digital camera (Samsung, ES10, 8.1 MEGA PIXELS) and their individual lenghts determined using a thread which
was stretched against the length of the organ to be measured from where the lenght of the thread was being
matched to a ruler which was graduated in centimetre. The weights of these structures were also obtained in
grams using a sensitive Digital Electronic balance (CITIZEN SCALES 1 PVT. LTD, Model MP-600, with a sensitivity of
0.01g). The weights of the ceca in pigeon could not be measured due to their insignificant weights, as the ceca
were rudimentary in this bird type.

The data generated were subjected to statistical analyses using the Microsoft Office Excel 2007 and GraphPad
Instat statistical package, with values of P<0.05 considered significant.

3. Results and discussion

3.1. Esophagus and crop

From this study the esophagus of both the quail and pigeon were observed to be thin-walled distensible tube
which extended from the pharynx to the gizzard and lies dorsal to the trachea. The esophagus of the quail and
pigeon, just like in other birds, had three distinct portions: cervical part, crop and thoracic part, though in this
study the crop was not thoroughly studied as most got ruptured in the course of the dissection. The cervical part of
the esophagus was considerably larger than the thoracic part, this finding agreed with the works of Parchami and
Dehkordi, (2011) in quail. Inside the thoracic cavity, the oesophagus enters or becomes the proventriculus — a very
glandular part of the digestive tract, often called the glandular stomach.

The weight of esophagus in quail and pigeon were 1.66+0.15g and 1.62+0.2g respectively, these were not
considered significant (P>0.05), their lengths were 9.77+0.35cm and 12.46+0.99cm for the quail and pigeon
respectively (Tables 1 and 2). The mean body weights of the quail and the pigeon used in the study were
159.5+8.18g and 265+4.86g respectively, though not statistically significant (P>0.05). According to Brugger, (1991),
the size of digestive organs can be greatest during times of the year when intake is high, possibly due to low
available energy food, rapid processing rates, or high metabolic demand. However, in this study time of the year
was not a considered factor. The morphology of the digestive tract of a given animal species is related to the
nature of food, feeding habits, body size and shape (Smith, 1989).

Both bird types have crops though they were not studied in details in this work due to their rupturing at
dissection. The crop was found as a dilatation of the esophagus before the proventriculus. It was apparent in this
study that the crop of the pigeon is well developed than that of the quail (Plates 1 and 2). This variation is
probably consequent upon the fact that the pigeon is known to produce ‘crop milk’ for feeding their young ones
during the first two weeks after hatching (Pesek, 1999). The crop provides the capacity to hold food for some time
before further digestion commences. This capacity enables the bird to take its food as “meals” at time intervals but
permits continuous digestion.

3.2. Stomach

Birds have two part stomach, a glandular portion known as the proventriculus and a muscular portion known
as the ventriculus or gizzard; gizzard has thick muscles (Pesek, 1999). In agreement to the work of Ahmed et al.,
(2011) in quail, the glandular portion (proventriculus, Ventricular glandularis or the true stomach) in this study,
was found to be located caudal to the esophagus, and the gizzard (Ventricular muscularis) was located caudal to
the proventriculus, and were spindle in shape (Plates 1 and 2). The mean weights of the proventriculus in the quail
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and pigeon were 0.69+0.07g and 0.54+0.09g respectively (P>0.05). Similarly their mean lengths were 1.75+0.13cm
and 1.44+0.28cm respectively; this was also not considered significant relative terms. According to Degen et al.,
(1994), the proventriculus varies in size between different species, and that in graminivorous it is of smaller size
than in carnivores where the proventriculus is larger and more distensible, in this study however, both of the bird
types used were graminivores and however no comparison was made with the proventriculus of carnivorous birds,
but apparently the proventriculus observed in this study were all small.

In both the quail and pigeon, the muscular stomach or gizzard was seen as a spheroidal organ located
immediately caudal to the proventriculus and placed partly between the lobes and partly behind the left lobe of
the liver. It has a flattened, rounded shape somewhat like a convex lens, with one side slightly larger than the
other. Each surface is covered by a glistening layer of tendinous tissue — thicker at the centre and becoming
thinner towards the edges. These were in agreement with the reports of Pesek, (1999).

From Tables 1 and 2, the weight and length of gizzard in the quail were 4.06+0.22g and 2.38+0.20cm with
percentage relative weight of 31.6% and relative length of 2.54%. While, the pigeon had their weight and length of
the gizzard as 6.86+0.69g and 2.75%0.25cm and their relative percentage gizzard weight and length as 45.3% and
3.2%, respectively. It thus showed that the gizzard weight and length were higher in the pigeon than in the quail.
This finding agreed with the work of Ahmed et al., (2011) which confirm the quail to possess small gizzard.

3.3. Intestines

Plates 1 and 2 showed the GIT of both the quail and pigeon, indicating the small intestine to have began at
the exit from the gizzard and ended at the junction of the small intestine, ceca and colon. The small intestine which
consisted of duodenum, jejunum and ileum, is relatively simple and short but highly efficient nevertheless (Dibner
and Richards, 2004) but however, in this work no distiction was made between the different small intestinal
segments but they were simply classified and studied as the ‘small intestines’.

Tables 1 and 2 showed the mean weight and length of the small intestine in the quail as 4.56+0.36g and
55.6+2.68cm respectively, while their relative percentage weight and percentage length were 35.5% and 59.4%
respectively. The pigeon had their mean weight and length of the small intestines as 5.73+0.04g and 65.12+4.02cm
respectively, while their relative percentage weight and percentage length as 37.9% and 76.8% respectively. This
finding is in contrast to the findings of Brugger, (1991) who found out that the total small intestinal length was
between 20.1 to 21.4 cm in the red winged blackbird; though the bird types used were not the same but they all
belongs to the same family of avian.

It could be seen in both absolute and relative terms that the lengths and weights of the small intestines in the
pigeon were higher than that of the quail, though with no considerable significant differences (P>0.05). It is
relatively long and has a constant diameter. Of the three parts of the mammalian small intestine — the duodenum,
jejunum and ileum, only the duodenum can be easily distinguished in the fowl. There are no clear demarcation
between the jejunum and ileum and the small intestine appeared as one long tube.

The digestive tract of most birds contains a pair of outpocketings that project from the proximal colon at its
junction with the small intestine, these ceca are usually fingerlike in shape, looking much like simple lateral
extensions of the intestine, but some are complex in structure (Clench and Mathias, 1995). The large intestine
consisted of paired ceca and colon or rectum and is actually shorter than the small intestine (Getty, 1975). Both
intestines are characterised by a great morphometrical and functional variability, both between and within species
(Mobini, 2011). The ceca of the quail are very prominent and longer than that in the pigeon (Plates 1-4), clearer
distinctive views are seen on Plates 3 and 4, where in contrast to the long ceca of the quail, a rudimentary
structure, the ceca, are found in the pigeon. The ceca are found immediately caudal to the ileum and cranial to the
colon, these three intestinal segments meet at the ileo-ceco-colic junction in both quail and pigeon.

The right and left cecal weights and lengths in the quail were 0.53£0.10g and 0.531+0.11g for the weight;
8.13+0.26cm and 8.13%0.26cm for the lengths respectively. In the pigeon, the right and left cecal lengths were
recorded as 0.36+0.05cm and 0.38+0.06cm respectively. The weights of the ceca could not be obtained due to
their insignificant values as they measure below the sensitivity of the electronic balance use (i.e 0.01g). The
weights of both the right and left ceca in the quail and pigeon were considered very significant (P<0.05) and their
corresponding lengths considered extremely ssignificant (P<0.05). In his works on red-winged blackbirds, Brugger
(1989; 1991) found out the bird had small ceca with a total combined cecal lengths of between 0.45 to 0.5cm;
similar finding in this study was that the length of the combined right and left ceca was 0.74cm in the pigeon,
confirming that the ceca is also small in the pigeon. Mobini, (2011), in his work on broiler, found out that the
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combined cecal lengths ranged between 2.22 to 10.83cm; the finding in our research revealed the combined cecal
length in the quail to be 16.26 cm and that of pigeon put at 0.74cm, thus these our findings is in contrast with the
reports of Mobini (2011), though his work was on broilers.

The avian cecum is a multi-purpose organ, with the potential to act in many different ways-and depending on
the species involved, its cecal morphology, and ecological conditions, cecal functioning can be efficient and vitally
important to a bird’s physiology, especially during periods of stress. Many familiar avian species, such as chickens
and ducks, have very large ceca, which aid in the digestion of vegetation and in water balance (Clench and Mathias
1995, Kehoe and Ankney 1985).

The colon being the terminal part of the large intestine is located caudal to the ceca. The mean colonic
weights and lengths in the quail were 0.82+0.11g and 7.84+0.58cm respectively, while their relative weight and
lengths were 6.4% and8.4% respectively. The pigeon had the weights and lengths of the colon as 0.38+0.04g and
2.22+0.44cm with their corresponding relative weight and length as 2.5% and 2.6% (Tables 1 and 2). The colonic
weight in the quail and pigeon were not considered significant statistically but absolutely and relatively they
differed from each other. The length of the colon in both bird types were considered significant (P<0.05). The
findings in this work that the total length of the colon in the pigeon and quail contrasted those reported by Mobini,
(2011) who, though worked on a different bird type (broiler) found out that the combined length of colon ranged
between 14.64 to 39.84 cm, though as reported by Mobini, (2011) larger birds have relatively longer and heavier
intestines than smaller birds. It was also observed that growth rate is a key morphological characteristic which is
correlated with robustness in birds and therefore, ascertaining growth rate and developmental stages could
provide valuable information on their physiology and behavior (Gebhardt-Henrich et al., 1998; Starck and Ricklefs,
1998).

Plate 1. GIT of the Quail, showing: A=Esophagus, B=Crop, C=Proventriculus, D=Gizzard, E= Small intestine, F= Right
cecum, G=Left cecum; H= Colon.

Plate 2. GIT of the Pigeon showing: A=esophagus, B=Crop, C=Proventriculus, D=Gizzard, E= Small intestine, F= Right
cecum, G= Left cecum; H=Colon.
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Plate 4. Some segments of GIT of the Pigeon showing: A= small intestine (lleum), B= Right cecum, C= left cecum;
D= Colon.

Table 1

Morphometrical data of some parts of the GIT of Quail (+SEM).

Parameter Weight (g) Length (cm) Relative Weight (%) Relative Length (%)
Esophagus 1.66£0.15 9.77+0.35 12.9 10.4
Proventriculus 0.69+0.07 1.75+0.13 5.7 1.87
Gizzard 4.06+0.22 2.38+0.20 31.6 2.54

Small Intestine 4.56+0.36 55.612.68 35.5 59.4

Right Cecum 0.53+0.10 8.13+0.26 4.1 8.7

Left Cecum 0.53+0.11 8.13+0.26 4.1 8.7

Colon 0.82+0.11 7.84+0.58 6.4 8.4

Mean body weight =159.54+8.18 g; n=10.
4. Conclusion

Various anatomical and physiological parameters are regularly being used in clinical evaluations and for
assessing dynamics of growth and associated physiological functions for normal and anomalous developments in
birds (Druyan et al., 2009). Changes in both gross and microscopic gut anatomy may be important to a bird's ability
to maintain energy balance. Seasonal changes in the sizes of digestive organs occur in wild birds, but the proximate
factors for such changes are poorly understood, these changes could become very important markers in identifying
growth patterns which consequently could be useful tools for predicting both physiological and pathological
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consequences (Tilgar et al., 2008). The current study attempted to explain the morphological as well as the
morphometrical features of the gastrointestinal tract of the quail and pigeon the knowledge of which will not only
add to literatures in these bird types but which will also aid in understanding their biology and mode of
domestication as well as being useful for poultry pathologists and clinician, more especially when carrying out
postmortem examination. Further studies are recommended to improve the knowledge on the biology of quail and
pigeon.

Table 2

Morphometrical data of some parts of the GIT of Pigeon (xSEM).

Parameter Weight (g) Length (cm)  Relative Weight (%) Relative Length (%)
Esophagus 1.62+0.21 12.46+0.99 10.7 14.7
Proventriculus 0.54+0.09 1.44+0.28 3.6 1.7

Gizzard 6.8610.69 2.75+0.25 45.3 3.2

Small Intestine 5.7310.04 65.1214.02 37.9 76.8

Right cecum - 0.36+0.05 - 0.4

Left cecum - 0.38+0.06 - 0.4

Colon 0.38+0.04 2.22+0.44 2.5 2.6

Mean body weight =265+4.86 g; n=10.

Table 3

Mean total lengths and weights of the GIT of Quail and Pigeon.

Parameter Quail (n=10) Pigeon (n=10)
Total Length of GIT (cm) 93.6 84.73
Total Weight of GIT (g) 12.85 15.13
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