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Production of the bioceramics on the market is presently conducted from typical precipitation method by
using reagent grade raw chemicals or through calcination of natural sources like animal bones (especially bovine
bone) and fish bones. Usually fish bones were damped near or in the water sources, which can lead to serious
environmental pollution. Those were regarded as a trash, even though they still bear economic value, including
conjugates. In this study bones of Atlantic Salmon (Salmo salar) were used as a bioceramic material source. Bones
of Atlantic Salmon were collected from Besiktas Fish Market. Those were cleaned from possible flesh with reagent
grade NaOH. Cleaned parts were washed with demineralized water very neatly. Dry fish bones were calcinated
at 850 ◦C for 4 hours. The obtained hydroxyapatite material was characterized with scanning electron microscopy
and X-ray diffraction methods. It was found that the bioceramic material consisted of hydroxyapatite and various
related phases. Scanning electron microscopy studies have revealed nano-structured bioceramic particles. The aim
of this study is to obtain nano-structured bioceramics from bones of Atlantic Salmon in an environmentally friendly
and economic way.
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1. Introduction

Calcium phosphate bioceramics, like hydroxyapatite
(HA) is a very popular material for bone reconstruction.
The HA bioceramic material makes up to 70% of bone
structure and essentially all of the enamel in teeth. Cal-
cium phosphates can contain several trace elements such
as fluorine in enamel HA. HA can be manufactured synt-
hetically from reagent chemicals or can be synthesized
from natural resources via hydrothermal transformation,
and high temperature calcination from bones.

HA and other bioceramic phases can be obtai-
ned through hydrothermal transformation from calcified
sources like cuttlefish. With other chemical methods,
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through ultrasonication with mechanical stirring and hot
plating, which uses a simple hot plate without mecha-
nical stirring, bioceramics can be obtained from ostrich
eggshells [1]. Other calcified or aragonite sources for bio-
ceramic production are corals, barnacles [2], sea mussels,
sea urchins [3], sea and land snails.

Bone sources for calcination usually include bovine,
sheep, human, and other bones. Besides, experiments
with calcination material sources including human, sheep
and bovine tooth structures were very successful [4].

Another alternative method to produce HA from bo-
nes is to obtain it from various fish species. In one
of the previous studies, bioceramics were collected from
the Dicentrarchus labrax which is commonly known as
European Sea Bass. One of the major phases obtai-
ned from this fish corresponds to calcium deficient HA:
Ca0HPO4(PO4)5OH (Ca/P= 1.5), JCPDS card number
46-0905. Here the Ca/P ratio was 1.5 and referred to
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tricalcium phosphate phase (TCP) [5]. In another study
HA was prepared from bone materials of three different
Brazilian river fishes and calcified at 900 ◦C for 4, 6, 8, 10,
and 12 hours [6]. It was also reported production of nano
HA particles with dimensions between 24 an 80 nm [7].

In this study Atlantic Salmon (Salmo salar) was se-
lected as process material for bioceramic production.
Since late 1970’s, aquaculture of salmon had grown as
a very big global industry, producing over 1 million tons
per year [8]. It was reported in the latest EU report
that the Atlantic Salmon fishes are the salmonid fishes of
the temperate and subarctic regions of the North Atlan-
tic. These fishes are showing very strong homing to natal
areas to spawn. They are highly variable in their biology
within and between locations. Adult fishes range bet-
ween ∼ 50− 120 cm, according to EU reports [9]. It was
also reported that salmon stocks are already below the
conservation limits because of global warming [10].

It is better to protect the existing population and stop
overfishing. According to a very latest study, salmon
bearing rivers must be protected, because salmons are
dependent on lying eggs in rivers by entering the rivers
from sea side [11]. The aim of this study is to obtain
and to characterize the HA and related bioceramic pha-
ses (i.e. tricalcium phosphate) from waste bony parts of
Atlantic Salmon with limited carbon footprint.

2. Materials and equipment
Atlantic Salmons were bought at Besiktas Fish Market

in Istanbul, Turkey. Fish bones were collected after remo-
ving the other flesh parts from the entire fish. Remains
of fleshy parts on the bones were cleaned very carefully.
Bony parts were treated with reagent grade NaOH. After
that bony parts were washed with distilled water. Dry
bone remains were calcified for 4 hours at 850 ◦C. Obtai-
ned material appeared in white colour. X-ray diffraction
and scanning electron microscopy (SEM) tests have fol-
lowed out.

3. Results and discussion
X-ray diffraction study of raw bone of Atlantic Sal-

mon are shown in Fig. 1a. Major phase consists of 100%
HA (JCPDS card number: 98-009-0501) (it is also called
calcium phosphate (v) hydroxide). According to X-ray
diffraction studies of calcinated bones in Fig. 1b, ma-
jor phases for Atlantic Salmon consist from 88.7% HA
(JCPDS card number: 98-006-0425) and from 11.3% tri-
calcium bis (orthophosphate) (JCPDS card number 98-
008-2984). Tricalcium bis (orthophosphate) is called also
as TCP according to International Union of Pure and
Applied Chemistry (IUPAC) [12]. Tricalcium bis (ort-
hophosphate) with JCPDS card number 98-008-2984 was
also found as a minor phase after application of chemi-
cal agitation method after 400 ◦C and 800 ◦C heat treat-
ment of sea snail shells (Atlantic Cowrie - Cypraea cervus
Linnaeus) [13].

It was also reported that the tricalcium diorthophosp-
hate beta is the IUPAC name of the “b-tricalcium phosp-
hate” (b-Ca3(PO4)2). Therefore there are several names

Fig. 1. X-ray diffraction of the (a) raw bone of Atlan-
tic Salmon (Salmo salar), (b) calcinated bone parts of
Atlantic Salmon.

available for this compound such as CaPO4 tribasic beta
or tricalcium bis(orthophosphate) beta which is one of
the polymorph versions of TCP [14].

Fig. 2. SEM images (a) ×150, (b) ×300 taken from
upper part of a vertebral column.

In Fig. 2a a small white arrow indicates the bioceramic
particle which is about 10 µm. In Fig. 2b upper white
arrow indicates a particle of about 12.5 µm. The middle
white arrow shows a very small particle of about 2−3 µm,
while the lower white arrow indicates a relatively bigger
particle of about 7 − 8 µm. SEM images clearly show
that the surface is uneven with small bioceramic particles
spread everywhere.

Fig. 3. SEM images taken with (a) ×30 (b) ×80 mag-
nifications of the cross-section of a piece of a vertebral
column.

In Fig. 3a, the biggest pore, shown with a white big ar-
row, is an ellipsoid with the size of 0.75 mm along the long
axis and 0.50 mm along the short axis. The second cir-
cular porous structure which is shown with smaller thin-
ner white arrow was almost round and had the diameter
of about 0.40–0.45 µm. In Fig. 3b white arrow points
that almost rounded porous structure is about 660 µm.
Such level of porosity can be ideal for osseointegration.
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Because the HA phase accounts for 88.7% and resorba-
ble TCP phase accounts for 11.3%, the dissolution will be
slow, and the structures which will pass through these po-
res will remain for a long time and even very small blood
vessels can be formed in these mesoporous structures.

Actually, the macroporous structure had a magnificent
scale for osseintegration. Bränemark had made the first
very clear definition for osseointegration as: osseointegra-
tion is the contact on the light microscope level between
living bone tissue and implant [15]. It has been reported
that pores 100 µm in diameter will serve for successful
diffusion of required nutrients and oxygen for cell survi-
vability. However, the pore sizes can be in the range of
200 to 350 µm. These pore sizes can be optimum for
bone tissue in-growth [16].

4. Conclusions

In this study, natural HA and TCP phases were obtai-
ned by calcination method from the bones of Atlantic
Salmon fish. It is one of most important species in seas
which has also a very high value for the world market.
Ecosystem of the world must be protected, otherwise we
will consume without limit this very special fish stock.

This study is a pioneer study for processing natural
sourced bioceramics in friendly, noncomplex way without
using any harmful chemicals.
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