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ABSTRACT
Introduction: The increasing in bone loss due to trauma disease or accident leads to the demand
for bone substitute materials. Autograft is the gold standard for bone graft; however, it has lim-
ited supplies and additional surgery for harvesting. Therefore, the artificial bone graft is necessary
for bone defect treatment. One of the potential candidates for bone repair and regeneration is
porous Carbonate Apatite (CO3Ap) due to its excellent biodegradability and biocompatibility. Un-
derstanding the importance of recycling ofwastematerials and by-products from the food industry
such as poultry bone could be used as the alternative source for starting material. Thus, recycling
and adding value for the food waste could be done with the development of artificial bone graft.
Method: In this study, porous CO3Apwas prepared using bio apatite powder derived from chicken
bone via the sacrificial template technique. Templates such as chopped cotton fibers were used
to make porous CO3Ap with interconnecting pores. X-ray diffraction (XRD) and Scanning electron
microscope (SEM) were used to characterize phase composition and structure. Carbonate content
was evaluated using elemental analysis CHN (carbon hydrogen and nitrogen) analyzer. Results:
The results indicated that a pure CO3Ap block consisting of elongating pores could be obtained.
Mechanical strength was evaluated in terms of Diametral Tensile Strength (DTS). Porous CO3Ap
had a mean DTS value of 198.5 ± 12.9 kPa and an average porosity of approximately 70%. As a
conclusion, CO3Ap containing 5.25 ± 0.03 %wt of carbonate with low crystallinity and the inter-
connecting porous structure is advantageous on bone regeneration as being a useful material for
application to repair the bone defect.
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INTRODUCTION
During the last few decades, there is a tendency to an
increase of cartilage and bone-related diseases, skele-
tal defects, tumor resection, skeletal abnormalities
and bone fractures originating from trauma. Human
bone can regenerate itself. However, this ability is re-
duced with time.
Moreover, the incomplete repair sometime occurred
in case of significant defects. Although auto-graft is
the gold standard for bone substitutes, it has many
drawbacks such as limited supply, trauma and addi-
tional pain for patients. Therefore, the artificial bone
graft is necessary to satisfy the demand for bone frac-
ture treatment.
Currently, porous bioceramics have played an essen-
tial role in clinical application as bone substitute ma-
terials. One of the most popular topics focuses on in-
terconnecting porous carbonate apatite due to its ex-
cellent biodegradability and biocompatibility.
Carbonate apatite (CO3Ap) has a composition sim-
ilar to that of natural bone exhibiting good osteo-
conductive and osteogenic properties1–3. CO3Ap as

bone substitute materials for implant surgery could
be granule, block or cement. Granule, block and ce-
ment could be prepared from CO3Ap powder. Sev-
eral methods were conducted to synthesize CO3Ap
powder such as precipitation, hydrothermal and me-
chanical activation4–10.
Besides, CO3Ap powder was also extracted from nat-
ural bone sources such as pig and cow bone or teeth,
etc, This method is advantageous on economic and
environmental benefits since it used the waste prod-
uct of the food industry as the rawmaterial 11–13. Sev-
eral methods were used to fabricate porous material
from powder such as replica technique, direct foam-
ing, etc.
In order to recycle and add value for the food waste,
in this study, the chicken bone was collected and used
as raw materials for fabrication bone substitute. The
sacrificial template technique was used for preparing
porous carbonate apatite (CO3Ap) due to its simplic-
ity. Chopped cotton fibers are available in the form of
long rods, and incorporation of these materials into a
powder mix can produce interconnecting porosity.
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MATERIALS ANDMETHOD

Preparation

Chicken bone was collected from food waste. It was
firstly removed the meat and fat residues, then rinsed
with water. Bone was immersed in 2% sodium chlo-
ride (NaCl, 7548-4100, Daejung chemical & metals
Co. Ltd, Gyeonggi-do, Korea) solution for 2h at
100oC for further removing of the other debris.
Bone was rinsed with distilled water and immersed in
2mol/L sodium hydroxide (NaOH, 7571-4400, Dae-
jung chemical &metals Co. Ltd, Gyeonggi-do, Korea)
for 12h at 80oC.
Then, the bone was washed and filtered several times
with distilled water using a vacuum bump until the
filtrate was neutral.
The prepared bone was dried in the oven for 24h and
ground until as-prepared powder can pass through
the 45-mm sieve. Cotton fibers used as a sacrificial
template were cut in 2-3 mm in length.
Chicken bone powder and cotton fibers were mixed
to prepare powder mixture (7% wt cotton fibers).
The mixture was added with PVA (Polyvinyl alcohol
1500, 9002-89-5, Daejung chemical &metals Co. Ltd,
Gyeonggi-do, Korea) solution (5% wt) as a binder to
make a paste with the liquid to powder ratio 3:2.
The paste was packed into Teflon mold (10mm x
5mm). Amold was then placed inside the oven to dry
at 100oC for 24 h. After setting, mold was unpacked
to obtain a composite block. The composite block was
sintered at 600oC for 2h under air for removing of cot-
ton fiber. For as-prepared powder preparation, the
experiment was repeated 3 times.

Phase characterization

The composition of the heat-treated composite block
was done by means of powder X-ray diffraction
(XRD) analysis.
After heat treatment, specimens were ground to fine
powder, and the XRD patterns were recorded using
a diffractometer system (D8 Advance, Bruker AXS
GmbH, Karlsruhe, Germany) using Vario1 Johansson
focusing mono-chromator and high flux CuKa radia-
tion generated at 40 kV and 40 mA. The specimens
were scanned from 20º to 60º 2q (where q is the Bragg
angle) in a continuous mode.
The carbonate content of the specimen was measured
using the CHN coder (Yanako CHN coder. MT-6,
Tokyo, Japan).

Microstructure properties

Morphology of the sintered specimen was observed
by a Scanning Electron Microscope (SEM: S-3400N,
Hitachi High-Technologies Co., Tokyo, Japan) at 10
kV of accelerating voltage after gold sputter coating.
Total porosity was estimated based on the measure-
ment of volume and weight. The average value was
calculated from the porosity value of 5 specimens.

Mechanical properties

Mechanical strength was evaluated in terms of Di-
ametral Tensile Strength (DTS) using Universal Test-
ing Machine (AGS-J, Shimadzu Corporation, Kyoto,
Japan). The test was done with 5 specimens. The av-
erage DTS value was calculated from the DTS value of
5 specimens.

RESULTS
Figure 1 showed the XRD patterns of the compos-
ite block (7% wt cotton fibers) heating at 600oC for
2h. It can be seen that the pure apatite phase could be
obtained and no secondary phase was detected. The
XRD patterns showed the single phase of apatite, cor-
responding to the ICDD standard peak of stoichio-
metric hydroxyapatite (standard No.09-0432). It in-
dicated that sintering at high temperatures resulted
in the sharp and narrow diffraction peaks indicat-
ing high crystallinity. Sintering at elevated tempera-
ture was effective to remove completely cotton fiber as
well as enhance the mechanical strength however the
bioactivity of apatite would be reduced. In this case,
sintering at 600oC was found to be suitable to elim-
inate the organic phase and maintain the low crys-
tallinity.
Figure 2 showed the SEM image of the facture surface
of the composite block (7% wt cotton fibers) heating
at 600oC for 2h. Macro-pores were obviously formed
by burning out of the nylon fiber. After removing cot-
ton fibers, the interconnecting porous structure could
have appeared. Pores are interconnecting and in the
form of long tunnels mimicking the morphology of
cotton fiber.
Total porosity was estimated by measuring the bulk
volume and weight of the heated block. Composite
block with 7% wt cotton fibers was about 70% in total
porosity after burning. Mechanical strength was eval-
uated in terms of Diametral Tensile Strength (DTS).
Porous CO3Ap had ameanDTS value of 198.5± 12.9
kPa.
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Figure 1: XRD patterns of the composite block (7% wt cotton fibers) obtained by sintering at 600oC for 2h
under air for removing of cotton fiber. XRD pattern indicated that all peaks belonging to the apatite phase
(main apatite peak at 2theta = 26, 32 and 41 degrees).

DISCUSSION
Hence, the cotton fiber introduction was found to be
effective for the formation of the porous structure.
An interconnected porous network is an optimal en-
vironment for cell migration, proliferation and dif-
ferentiation. Increasing of the interconnected pores
supports extensive vascularization, rapid bone regen-
eration and good osteointegration14–19. It should
be mentioned that porosity and mechanical strength
have a trade-off relationship 20–22. Therefore opti-
mization of the porosity and mechanical strength is
important for the clinical use of porous CO3Ap.
Although the value of mechanical strength is not so
high, specimen after sintering could fulfill the require-
ment of handling properties. This property is impor-
tant since bone substitute materials need to be cut in
the specific shape to fix the various shape of the bone

defect.

The carbonate content of the specimen after sinter-
ing is 5.25 ± 0.03 %wt. It indicated that this porous
carbonate apatite block has a chemical composition
similar to natural bone3. This could be advanta-
geous on the biodegradable property2. By develop-
ing an artificial material with an appropriate three-
dimensional interconnected structure with good me-
chanical strength and biological functions, the recov-
ery of bone defect and bone healing would be en-
hanced so that the patients could impede the suffering
of bone fracture or other related chronic degenerative
bone diseases. If the improved treatment for bone dis-
eases was developed effectively, they could avoid the
risk of disability.
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Figure 2: SEM image of the facture surface of the composite block (7% wt cotton fibers) obtained by sin-
tering at 600oC for 2h under air for removing of cotton fiber. The bioceramic contains pores distributing
throughout its body. Micro-pores in the form of long tunnels presented at the fracture surface illustrating the
interconnecting porous structure.

CONCLUSIONS
Solving the problem of waste is about value creation.
In this study, a by-product of the food industry was
useful for producing bone substitute materials. The
results indicated that interconnecting porous carbon-
ate apatite block could be fabricated using chicken
bone powder/cotton fiber composite as starting ma-
terials. The specimen has fulfilled the requirement of
handling property and has the same chemical compo-
sition as human bone. That means it could be advan-
tageous with respect to use as bone substitutes. In the
next research, in vitro and in vivo experiments need
to be conducted to prove the biodegradable and bio-
compatible properties.
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