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Abstract
Objective: To examine bone development and its growth of  hybrid of  Indonesian native chick-pelung-(Gallus  gallus  domesticus)  and
broiler (Gallus  gallus  domesticus)  which was focused on anatomical and morphological properties of hybrid chick embryo’s skeleton.
Methods: Eggs were incubated for a different period, which were 5, 10, 14, 18 and 22 days and 7 weeks, respectively. Whole mounts
embryo staining with alcian blue-alizarin red was conducted for the bone development and ossification study. Bone histological
examination of ossification mechanism was prepared by paraffin method. The examinations were conducted by macroscopic and
microscopic observation. Results: The result showed that ossification of Hybrid embryo was started at around incubation days 10 at the
cranium, which then followed by extremity and were completed after 18 days of incubation at the vertebrae and long bone.
Intramembranous ossification was accomplished more advanced compared to endochondral ossification. Conclusion:  The ossification
on hybrid chicken were started at 10 days stage and accomplished in the period of 18-22 days stage of embryo development, which
following two osteogenesis mechanisms; intramembranous and endochondral bone formation.
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INTRODUCTION

Bone a somite derivative is a very important compartment
for body structure and function. Its organogenesis is occurring
after the establishment of a primary and secondary body on
embryo under the influenced of morfogens such as retinoic
acid. The bone formation is innitiated by the formation of
somite as transient structure, which were controlled by robust
and rigorous mechanisms in very strict period and precise of
size1-5. The Bone is provided at the place for muscle insertion,
protection of an internal organ and body movement. Bone is
known for its hardness, growth specific mechanisms and its
capacity for regeneration. Moreover, bone is also providing
the blood production and maturation.
Avian skeleton has the specific characteristic compare to

other vertebrate for it’s light, spongy and strong structure6.
There are two specific types of bone in avian skeleton, which
are pneumatic and medullar bones. The pneumatic bones are
important for the respiratory process of the bird6,7. These
bones are spongy in structure and directly connected to the
respiratory system of the bird. The pneumatic bones are
cranium, humerus, clavicle, sternum and also lumbar and
sacral of vertebrae. On the other hand, medullar bones are
important for its function to provide calcium for bird or chick.
Calcium is the main component of egg shells and in order to
build the shells, chicken use 47% of  their body calcium. The
medullar bones are the tibia, femur, ribs, ulna, digity and
scapula6-8.
Aves share similar mechanisms during its formation and

development where it by that most of the skeleton, form first
as cartilage and sequentially ossified by the deposition of
calcium. This mechanism of bone formation is known as
endochondral bone formation and this kind of bone are
known as cartilaginous bones. This is opposed to bone
formation of intramembranous, which are ossified directly
from mesodermal tissue and known as membranous bones9-11.
The bone formation is directly related to the flesh mass
increase in avian growth. The balance between the bone
formation and the rate of flesh mass increase is very important
in poultry field practices11,12-14.

New hybrid chicken resulted from Indonesia’s native
chicken  pelung  (Gallus  gallus  domesticus)  with  Broiler
(Gallus gallus domesticus) was reported15. Until recently, no
study  on  osteogenesis  was  conducted  on  the  hybrid
chicken. Therefore, it is important to understand the bone
development  and  ossification  processes,  which  is  related
to its body mass increase in hybrid chicken (Gallus gallus
domesticus). In  this study, we examine the bone development

and  ossification processes of both intramembranous and
endochondral,  which is compared to its body mass increase
in hybrid Indonesia chicken.

MATERIALS AND METHODS

The experiment was conducted at Animal Structure and
Development Laboratory, Faculty of Biology, Gadjah Mada
University, Indonesia. The F1 Hybrid of Indonesian’s native
chicken pelung with broiler was used in this study. The eggs
were divided into 6 groups with a total of 5 eggs for each
group and incubated for several stages following previous
research11. Thirty chick embryos were collected and used to
investigate the bone development. The groups of embryos are
as follows:  Five days incubation, ten days incubation, fourteen
days incubation, eighteen days incubation, one day after
hatching and seven weeks old chickens, respectively. The eggs
were hatched in artificial incubators with 37.5-38.0EC of
temperature and 55-60% humidity and automatically reversed
it’s position every 2 h.

Body mass  and  weight  measurement:  Body  mass  and
weight measurement were conducted for every evaluation
stage of  embryos age. Eggs were weighted and dissected, the
embryos were collected, cleaned and weighted then proceed
to the next process.

Bone development and ossification measurement
Skeletal  staining:  Whole  mounts  embryo  bone  staining
were  conducted  for  this  study.  Embryos  were  fixed  with
99% ethanol for at least 48 h and internal organs were
removed. They were treated with acetone for 24 h and then
incubated in staining solution (0.015% alcian blue, 0.015%
alizarin red in 70% ethanol) at 37EC for 3-4 days. After being
washed with water, the embryos were cleared using 1% KOH
for 48-72 h and successively incubated in 1% KOH in 20%
glycerol and 0.01% KOH in 20% glycerol. Stained embryos
were stored in 50% glycerol, examined and photographed.

Histological  processing  and  observation:  Histological
structures of bone were prepared by paraffin section and
stained with Hematoxylin-Eosin (HE) following standard
method16.  Femur  bone  and  cranium  of  chicken  embryos
were sectioned at 6 :m and observed for its bone structure
(ossification stages).

Seven weeks age, bone measurements: Embryos were
maintained for seven weeks and then weighted for whole
body weight. The chick then sacrificed, bones of  femur, tibia
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Fig. 1(a-e): Chick  embryos at  different  stages,  showing  the  ossification  of embryo’s bone (a) 5 days, (b) 10 days, (c) 14 days
(d) 18 days and (e) 22 days, respectively, showing the bone ossification progression of hybrid chick embryo. Cranium
(Cr), body (Bd), Femur (Fm), Tibia (Tb), Phalanges (Ph), Cervix (Cx), Extremities (Ep and EA), alizarin red and alcian blue

and metatarsal were collected and weighted individually. The
ratio of total body weight again bone was measured and
noted.

Data analysis: Analysis of the data was conducted by
qualitative and quantitative. Excel program was used for
quantification of data based on visual observation of bone
ossification.

RESULTS

Anatomy and morphology of embryo: To investigate what
happens during the bone development, visual observation of
embryo anatomy and morphology were conducted. Five days
embryos shows incomplete formation of  body compartment
includes  cranium,  wing  and  leg,  some  bones  structures
such as the humerus, femur, pygostyle and vertebrae already
formed. All embryos shows that all body skeletons were
consist of cartilage, which was stained by alcian blue (Fig. 1a).
Ten days embryos shows more developed embryos and
almost  complete  of  body  compartment.  Bones  of  maxilla,
pre-maxilla, jugal, quadran, nasal, mandibula, cranialis and
caudalis already formed. All embryos showed that all body
skeletons were consist of cartilage (Fig. 1b).
Fourteen  day’s  embryos  show  complete  of  body

compartment  and  all  bone  started  the  ossification,  except

some cranial bone such as bosioccipital, basispenoid and
orbitospenoid (Fig. 3).  Eighteen and twenty two days embryos
show all bones already stained by alizarin red, indicating
complete  bone  calcification  and  well  developed  embryos
(Fig. 1d). Some bones were extensively stained with alizarin
red such as: Cranium (Cr), Vertebrae (Vrt), Rib (R), Femur (Fm),
Tibia (Tb), Metatarsus (Mts), Phalanges (Ph) (Fig. 2 and 3).
These bones are the main bone for forming body shape,
locomotion and internal organ protection.
In order to understand the weight distribution on some

pipe bone, we conducted measurement of bone such as
femur, tibia and tars metatarsus. Moreover, this study also
compare  of  each  bone  weight  against  the  whole  body
weight to show the ratio of bone and total body weight. The
result shows that the tibia is the heaviest pipe bone compare
to others (supplementary Fig. 1 and 3).

Histological  measurements:  This  study  conducted
histological examination of bone in order to understand the
ossification processes of embryos (Fig. 4). The histological
examination was conducted on 10 and 22 days embryo stage,
which were prepared for proximal tibial physis and cranial
bone, respectively. The histological examination showed two
different type of bone formation, which are endochondral
ossification on tibial physis and intramembranous ossification
on cranial bone. Ten days stage of embryos shows hat
ossification   zone   not   yet   clearly  formed  and  the  area  is
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Fig. 2(a-o): Representative images of ossification progression of embryo’s bone at 10, 14 and 22 days stages. Dorsal view of
cranium (a, d, g), Lateral view of cranium (b, e, h), Ventral view of cranium (c, f, i). Extremities bone (j-o), alizarin red
and alcian blue

composed  of  cartilage  cells  or  matrix.  On  the  other  hand,
22 day’s embryos stage show clear separation of the
ossification zone (Fig. 4).

DISCUSSION

Bone formation of hybrid chicken in general is
categorized on two mechanisms of formation which are:

Intramembranous  bone  formation  with   direct   apposition
of  cortical  bone  by  osteoblasts  from  the  inner  cambial
layer   of   the   periosteum   and   endochondral   ossification
the longitudinal bone growth and bone formation at the
physeal-metaphyseal region.
Bone embryonic development  started  before  day 5 of

egg   incubation,   initiated   by   formation   of   part   of
vertebrae,   extremities   and   cranial   bone,   in   the   form   of
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Fig. 3: List of bone and ossification status bones, R (red) and cartilage, B (blue) are stained by alizarin red and alcian blue,
respectively

cartilage, respectively. Data showed that at this stage the
calcification of bone didn’t start yet. This is in contrast to
previous  findings  by  Sawad et al.11  as  they  found  that  the
chick  already  started  the  calcification  of  femur  bone  on
day 5.
The observation on embryos at 10th days incubation

showed that all body parts of the embryo already formed and
body skeleton were mainly consist of cartilage. However,
ossification has already started at long bone of the tibia, that
the same findings of Mitgutsch et al.17  in Anas  platyrhynchos
and in Coturnix coturnix japonica and disagreement with
Maxwell and Larsson18 in Rhea americana, which bone
ossification was started at day 14th. The next ossification were
on scapulae and clavicle, which than followed by vertebral
arches of the cervical, thoracic and lumbar bone.
At 14th days stage, almost all parts of bone already

calcified  which   was  marked  alizarin  red  staining,  except
for  occipital,  sphenoid,  prefrontal  and  pygostyle  bones,
which remained on cartilaginous stage. This observation is in

agreement with the report of Sawad et al.11 in Gallus gallus
and Maxwell19 in Rhea americana. 
At 18th and 22nd days stage all part of bone already

completely calcified. This finding suggest that, 10-14 day’s
embryos stage seem to be the period of transformation of
body skeleton, from cartilage to ossified bone. This is in line
with the finding of Namba et al.20, on the white leghorn
chicken (Gallus gallus). In this period the embryos also show
more developed and all body organs were completely formed,
including all extremities.
The observations carried out on the histological slide of

22nd days stage embryo, shows the occurrence of the
ossification zone in physeal-metaphyseal area, which are:
Resting zone, proliferative zone, hypertrophic zone, calcified
zone and ossification zone. That finding is in agreements with
the report of  Ahmed  and  Soliman21,  on  Japanese  quail,
Smith22 on  chick  embryo  and  Ahmed et al.23  on  Japanese
quail 1  day  post  hatching.  However,  this  zonation  couldn’t
be  observed  in  10  days  embryo  stages,  which  is  in
agreement with Fratini et al.24, on Brazilian domestic chicken
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Fig. 4(a-h): Histological  structure  of  flat  and pipe bone  of  Chick  embryos  at  10  and  22 days, respectively.  Femur  epiphyses
of  (a)  10  days  stage  embryo,  showing  no  ossification  zone (b) 22  days  stage   embryo,   showing   ossification
zone,  (c)  RZ:  Zone  of  resting  cartilage,  (d)  PZ:  Zone  of  proliferating  cartilage,  (e)  HZ:  Zone  of  hyperthtopic
cartilage, (f) CZ: Zone of calcified cartilage, (g) Cranium bone of 10 days embryo and (h) 22 days embryo stage.
Haematoxylin-Eosin staining

(Gallus gallus domesticus). This result suggests that bone
ossification didn’t start until 10 days stage of  the embryo.
Therefore, the formation of the ossification zone in hybrid
chicken had possibly started after 10 days stages and continue
during it is proceeding development until post hatching
period on 22 days stage, where the chick bone strength
already achieved its full function for chick mobility. This
finding is supported by report of Smith22, which showed the
existence of ossification zone on a 16th day stage of the chick
embryo.
The 22 days stage embryo alizarin red and alcian blue

staining result presented above also showed that the
mineralization of bone in the form of  hydroxyapatite, provides
stiffness and strength to avian bone, which are very useful for
mobility and flight activity of the bird and usually occurs along
the development of the embryo11,13,25,26.

CONCLUSION

In conclusion, the ossification on hybrid chicken were
started  at  10  days  stage  and  accomplished  at  the  period 
of   18-22    days     stage     of    embryo    development,   which

following  two  osteogenesis  mechanisms;  intramembranous 
and endochondral bone formation.
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