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Abstract

Gross morphology, gross morphometry, histology and histochemistry of major flight muscles in domestic fowl, guinea fowl and
pigeon were conducted on fifteen birds (five birds each; domestic fowl, guinea fowl and pigeon) obtained from Sokoto
metropolitan market. The birds were weighed, dissected and eviscerated after which the comparative gross anatomy and
histological studies were carried out. The length, width and weight of the major flight muscles were measured using ruler,
measuring tape and weighing balance respectively. Tissue samples were taken from the middle parts of the pectoralis and
supracoracoideus muscles. After fixation in Bouin's solution, sections were prepared using routine histological techniques. Tissue
samples were stained using Hematoxylin and Eosin (H&E) and Periodic Acid Schiff (PAS). Results showed that the mean
weight, mean length and mean width of the pectoralis muscle in domestic fowl were 40.12±3.25g, 15.25±0.32cm and
6.32±0.11cm respectively. In guinea fowl they were 83.37±4.73g, 16.45±0.16cm and 8.67±0.11cm respectively while in pigeon
they were 23.25±1.30g, 9.5±0.025cm and 5.55±0.02cm respectively. The relative indexes of the pectoralis muscle were 6%, 13%
and 18% in domestic fowl, guinea fowl and pigeon respectively. While the total flight muscle mass were 70%, 77% and 84% in
domestic fowl, guinea fowl and pigeon respectively. It was concluded that since 21.6% of the pigeon weight was breast muscle, it
indicated that the pigeon is a powerful flier. Also, since 8.6% of the domestic fowl weight was the breast muscle; it indicated that
the domestic fowl is not a powerful flier.
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Introduction

Poultry refers to all domesticated birds kept for egg or
meat production and these include chicken, turkey,
ducks, pigeon, guinea fowl, and geese (Komolafe et
al., 1979). Poultry meat in Nigeria has been one of the
sources of animal protein to the over-growing
Nigerian population, making significant contribution
to human nutrition and economic development
(Michael et al., 1992). Birds also serve as
experimental animals, house hold pets and as a major
source of animal protein (Ojo, 1990). Studies on flight

muscles were conducted in various species of birds
(Barnard et al., 1982) in chicken, (George and Berger,
1996) in pigeon, (Nassar et al., 2001) in guinea fowl,
(Meyers and Stakebake, 2005) in albatrosses, (Jennifer
et al., 2005) in sparrow, (Biewener, 2011) in pigeon.
But there is scanty information in literature on the
comparative morphological and histochemical studies
of major flight muscle in domestic fowl, guinea fowl
and pigeon. Therefore, this work is conducted with
aim of comparing gross morphology, gross
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morphometry, histology and histochemical studies of
the major flight muscles of these birds. These studies
will provide a framework for future studies that seek
to assess how flight muscles are used to achieve flight
across different conditions, and in birds with different
wing designs and flight styles.

Materials and Methods

Fifteen healthy adult birds (five domestic fowls, five
guinea fowls and five pigeons) were purchased from a
poultry market in Sokoto metropolis. Sokoto
metropolis is located on latitudes 10° N and 14° 50′ N
and longitude 7° E, east of the equator, in the extreme
northwest of Nigeria (Mamman, 2000). The birds
were caged in well ventilated cages and transported to
the Department of Veterinary Anatomy Laboratory,
Faculty of Veterinary Medicine, Usmanu Danfodiyo
University, Sokoto. Live weights of the birds in grams
were all measured using a weighing balance (Sartorius
CPA 10001 USA).  The birds were sacrificed by
severing their jugular veins after which they were de-
feathered. The birds were then placed on dorsal
recumbency. A sharp pair of scissors was used to cut
through the skin around the keel in order to expose
pectoralis and supracoracoideus muscles (Major flight
muscles). Scalpel blade was further used to detach the
muscles from their points of origin and insertion (body
of the sternum and keel bone). Gross features of these
muscles were carefully examined and recorded. The
length, width and weight of these muscles were
measured using ruler, measuring tape and weighing
balance respectively. The lengths of the muscles were
measured from the anterior to the posterior borders of
the pectoralis and supracoracoideus. The widths of the
muscles were measured as a distance between the

lateral and medial borders at the mid-portion of the
muscles. The photographs of these muscles were also
taken using a digital camera (Samsung ES95, 16.2
megapixels). Small portions of the muscle tissues were
obtained from pectoralis and supracoracoideus and
fixed in Bouins solution, followed by preservation in
70% ethyl alcohol. They were dehydrated in ascending
concentration of graded alcohol, cleared in xylene and
embedded in paraffin wax. Serial section at 5 m were

cut and stained with Haematoxylin and Eosin (H&E)
and Periodic Acid Schiff (PAS) (Hena et al., 2012).

Descriptive statistical analytical tool were used to
presented data generated from these studies.

Results

Gross Anatomy

Pectoralis

In both domestic fowl and guinea fowl, the pectoralis
was observed to be pale in color, elongated and
complex muscle while in pigeon, it was observed to be
red in color, broad and also a complex muscle (Fig. 1).
In all the three studied birds, the pectoralis covers the
entire ventral surface of the chest region. It arises from
the lateral and caudal surfaces of the sternal body,
from the lateral surface of the furcula and from
adjacent membranes. Pectoralis mainly inserts onto the
ventral surface of the pectoral crest of the humerus by
an internal aponeurosis. In the domestic fowl, it was
divided into distinct sternobrachialis (SB) and
thoracobrachialis (TB) portions by an internal sheet of
connective tissue.

A
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Supracoracoideus

The colour of supracoracoideus muscle was observed
to be white in domestic fowl, red in pigeon and
intermediate of the two colours in guinea fowl. It was

also observed to be fusiform-shaped muscle (Fig. 2)
and lying deep to the pectoralis on the ventral surface
of the body. It arises from the sternal body and keel, it
inserts onto the dorsal tubercle of the humerus by
mean of its tendon.

B

C

Fig. 1: Showing the pectoralis muscle of domestic fowl (A), guinea fowl
(B) and pigeon (C).

B

A
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Fig. 4.2: Showing the supracoracoideus muscle of domestic fowl (A), guinea fowl (B) and pigeon (C).

Morphometry

Pectoralis

The mean ± SEM of weight, length and width of the
pectoralis muscle in domestic fowl were 40.12 ± 3.25

g, 15.25 ± 0.32 cm and 6.32 ± 0.11cm respectively. In
the guinea fowl, they were 83.37 ± 4.73g, 16.45 ± 0.16
cm and 8.67 ± 0.11 cm respectively while in the
pigeon they were 23.25 ±1.30 g, 9.5 ± 0.025 cm and
5.55 ± 0.02 cm respectively as shown in Table 1.

Table 1: Mean body weight (g), Length (cm), Width (cm) and Weight (g) of the Left and Right Pectoralis
muscle in Domestic Fowl, Guinea Fowl and Pigeon.

PECTORALIS MUSCLE
SPP LEFT RIGHT

BW (g) L(cm) WTH (cm) WT(g) L(cm) WTH(cm) WT(g)
Pigeon 256 ± 2.1 9.5 ± 0.025 5.55 ± 0.02 23.25 ± 1.30 9.5 ± 0 5.52 ± 0.02 23.22 ± 1.31
G. Fowl 1300±40.82 16.45 ±  0.16 8.67 ± 0.11 83.37 ± 4.73 16.47 ± 0.17 8.67  ± 0.15 83.4  ± 4.75
D. Fowl 1325±47.87 15.25 ± 0.32 6.32 ± 0.11 40.12 ± 3.25 15.15 ±  0.25 6.3  ±  0.10 40.1 ± 3.30
The values are expressed as Mean ± SEM.: BW= Body Weight, L= Length, WTH= Width, WT= Weight

Supracoracoideus

The mean ± SEM of weight, length and width of the
supracoracoideus muscle in domestic fowl were 16.82
± 2.15 g, 13.25 ± 0.59 cm and 4.12 ±0.37 cm

respectively. In the guinea fowl they were 25.02 ±
1.19 g, 14.05 ±0.05 cm and 4.52 ±0.04 cm while in the
pigeon they were 4.45 ± 0.02 g, 8.25 ± 0.02 cm and
2.57 ± 0.02 cm respectively (Table 2).

Table 2: Mean body weight (g), Length (cm), Width (cm) and Weight (g) of the Left and Right
Supracoracoideus muscle in Domestic Fowl, Guinea Fowl and Pigeon.

SUPRACORACOIDEUS MUSCLE

LEFT RIGHT

BW (g) L(cm) WTH (cm) WT(g) L(cm) WTH(cm) WT(g)

Pigeon 256 ± 2.1 8.25 ± 0.02 2.57  ±  0.02 4.45  ± 0.02 8.22 ± 0.02 2.57 ± 0.2 4.47 ± 0.02
G. Fowl 1300 ± 40.82 14.05 ±  0.05 4.52 ± 0.04 25.02 ± 1.19 14.1 ±  0.05 4.5  ± 0.04 25.05 ± 1.18
D. Fowl 1325 ± 47.87 13.25  ± 0.59 4.12 ±  0.37 16.82 ± 2.15 13.25± 0.59 4.1  ±  0.35 16.77 ± 2.09

The values are expressed as Mean ± SEM.  BW= Body Weight, L= Length, WTH= Width, WT= Weight

C
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The relative indexes of the pectoralis muscle were 6%
13% and 18% in domestic fowl, guinea fowl and
pigeon respectively. While the total flight muscle mass
were 70%, 77% and 84% in domestic fowl, guinea
fowl and pigeon respectively (Table 3).

The relative indexes of the supracoracoideus muscle
were 3%, 4% and 4% in domestic fowl, guinea fowl
and pigeon respectively. While the total flight muscle
mass were 30 , 23 and 16 in domestic fowl,

guinea fowl and pigeon respectively (Table 3).

Table 4.3: The Relative Indexes of Pectoralis, Supracoracoideus and total Flight Muscle mass in Domestic
Fowl, Guinea Fowl and Pigeon.

Muscle Domestic Fowl Guinea Fowl Pigeon
Pectoralis (%) 6 13 18
Supracoracoideus (%) 3 4 4
Flight muscle mass (%) 8.6 16.6 21.6

Fig. 3: Relative Index of Pectoralis, Supracoracoideus and Total Flight Muscle Mass in Domestic Fowl, Guinea
Fowl and Pigeon.

Histology and Histochemistry

Pectoralis

In domestic fowl, the pectoralis was observed to have
thick muscle fibers with smaller and few capillaries,
the fiber type of this muscle are typically fast twitch
types (Plate I)

In guinea fowl, the pectoralis was observed to have
thick muscle fibers with smaller and few capillaries,
slow twitch fibers are few with abundant of fast twitch
types (Plate II)
In pigeon, the pectoralis was observed to have very
thin muscle fiber bundles with larger and abundant
capillaries, slow twitch fibers are abundant with a few
fast twitch fibers scattered throughout the muscle
bundle  (Plate III).

Plate I: Photomicrograph of a transverse section of pectoralis muscle of domestic fowl showing the fast twitch thick
muscle fibers (A), with smaller capillaries (B). (PAS x40)

A

B
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Plate II: Photomicrograph of a transverse section of pectoralis muscle of guinea fowl showing the fast twitch thick
muscle fibers (A), with smaller capillaries (B) (PAS x40)

Plate III: Photomicrograph of a transverse section of pectoralis muscle of pigeon showing the slow twitch thin
muscle fibers (A), with larger capillaries (B) (PAS x40).

Supracoracoideus

In all the birds examined (domestic fowl, guinea fowl
and pigeon), the supracoracoideus muscle was
observed to have the same fiber types (Fast twitch
fibers in both domestic fowl and guinea fowl, Slow

twitch fibers in pigeon as shown on plate I, II and III)
and the size of capillaries to their respective pectoralis
muscle, but the only observable difference was that the
muscle fibers of supracoracoideus was much thicker
and less concentrated than the muscle fibers of
pectoralis muscle (Plates IV, V and VI).

Plate IV: Photomicrograph of a transverse section of supracoracoideus muscle domestic fowl showing densely
populated fast twitch thick muscle fibers (A), with smaller capillaries (B) (PAS x40).

B

A

A
B

B

A

A
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Plate V: photomicrograph of a transverse section of supracoracoideus muscle of guinea fowl showing densely
populated fast twitch thick muscle fibers (A), with smaller capillaries (B) (PAS x40).

Plate VI: Photomicrograph of a transverse section of supracoracoideus muscle of Pigeon showing densely populated
slow twitch thick muscle fibers (A), with larger capillaries (B) (PAS x40).

Discussion

Gross Anatomy

The origin of the pectoralis muscle was generally
observed to be similar in all three studied birds. This
finding is in line with the finding of Biewener, (2009)
in pigeon, who reported that the main portion of
pectoralis (sternobrachialis) originates from an
enlarged sternal keel with more anterior fibers arising
from furcula, a much smaller portion
(thoracobrachialis) originates dorsally from the ribs.
The present findings were also similar to the report of
Geoge, (1959) in pigeon, that pectoralis originates

from an enlarged sternal keel with more anterior fibers
arising from furcula, a much smaller portion originates
dorsally from the ribs.

The insertion of pectoralis muscle was also observed
to be generally similar in all the three studied birds.
This finding is in line with the finding of Wada et al.
(1999) in pigeons and chickens, who reported that
pectoralis muscle inserts on the ventral aspect of the
humerus. This finding is also similar to the finding of
Dial, (1992) in pigeon, who reported that pectoralis
also inserts along the ventral proximal shaft of the
humerus.

B

B
A
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In the present study, the origin and insertion of the
supracoracoideus muscle was generally similar across
the different species studied. This is similar to the
finding of Wada et al. (1999) in pigeons and chickens,
who reported that the supracoracoideus muscle
originates from sternal body and keel, and inserts onto
the broad tubercle at the dorsal part of the humerus.

The shape and coloration of pectoralis and
supracoracoideus in this study were in agreement with
the report of Kiessling (1977) in chicken and pigeon,
who reported that the flight muscles of pigeon are
redish in color while those of domestic fowl are white
in color.

Morphometry

The mean weight, mean length and mean width for
both the pectoralis and supracoracoideus muscles were
observed to be higher in guinea fowl, followed by
domestic fowl and then pigeon. While the relative
indexes of pectoralis muscle were 6%, 13% and 18%
in domestic fowl, guinea fowl and pigeon respectively.
This is contrary to the findings of Sokoloff et al.
(1998) in pigeon, who reported that pectoralis is a
large muscle of approximately 8-11% body mass. The
differences might be due to the differences in the
breads of pigeon used in the study.

George and Berger, (1996) reported as found in this
study that, the size of the breast muscles in a bird is
related to its flying ability. In the birds that are
powerful fliers, over 20% of the birds' weight is breast
muscle. In birds that do not fly, less than 10% of the
birds' weight comes from the breast muscles. In the
present study, 21.6% of the pigeon weight is breast
muscle, indicating that the pigeon is a powerful flier,
while 8.6% of the domestic fowl weight is a breast
muscle, indicating that the domestic fowl is not a
powerful flier.

Histology

The muscle architecture and the physiological
properties of muscle fibers are important in the
evaluation of muscle capacity. However, more than
any other factor, muscle architecture predicts muscle
function (Ward et al., 2009).

Variation in fiber type distribution are reflective of the
diverse function of avian muscles across species
(Wada et al., 1999), the data from the present study
support the observation that pigeon may have prone to
having flight muscles composed of homogeneous slow

twitch fibers. These fibers are primarily responsible
for movement requiring a low degree of force over a
prolong period of time in order to support the demand
for an excellent sustained flight. On the other hand
non-flying birds such as domestic fowl and guinea
fowl have a high proportion of fast twitch fibers with
few slow twitch fibers in their muscles. These fibers
provide muscle movement that supports a large
amount of force over a short period of time.

The present findings are similar to the report of Wada
et al. (1999) in pigeons and chickens, in which the
pigeon flight muscle was reported to compose of slow
twitch fibers and chicken was reported to compose of
fast twitch fibers with few slow twitch fibers scattered
throughout. The present findings are however contrary
to the findings of Kenneth et al., (2009) in small birds,
who reported that three general types of twitch fibers
have been recognized as components of avian
musculature; slow oxidative fibers, fast glycolytic
fibers and fast oxidative glycolytic fibers. This
difference may be due to species and breeds
variations.

Conclusion

Since 21.6% of the pigeon weight was breast muscle,
it indicated that the pigeon is a powerful flier. Also,
with 8.6% of the domestic fowl weight was the breast
muscle; it indicated that the domestic fowl is not a
powerful flier.  Furthermore, this work probably was
the first comparative study on the flight muscles of
domestic fowl, guinea fowl and pigeon, thus it has
established a baseline data for the pectoralis and
supracoracoideus muscles in domestic fowl, guinea
fowl and pigeon. It is expected that the result will
guide further researches on the determination of flying
ability in different species of birds.

Recommendation

It’s recommended that the ultrastructural studies of the
comparative flight muscles present in the breast
muscles of pigeon, domestic fowl and guinea fowl is
further studies for more anatomical basis for
differentiation.
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