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Abstract
Hydroxyapatite (HAp) based composite materials are attaining increasing interest as a potential
therapeutic agent for tissue engineering application. In the present study, HAp based composite material
is synthesized from biowaste in a cost effective way. Fish bone derived HAp is combined with a cellulose
nano�bre (CNF) and curcumin (Cur) as a composite for enhanced thermal, biological and mechanical
properties. The HAp/CNF/Cur composite is prepared with different concentrations of CNF (1–3.wt%) and
Cur (0.5–1.5 wt%), respectively. Different characterization techniques like Fourier transform-infrared
spectroscopy (FT-IR), X-ray diffraction (XRD), Field-emission scanning electron microscopy (FESEM),
energy dispersive X-ray (EDX) and thermal gravimetric (TGA) analysis were engaged to assess the
functional groups, phase composition, morphology, elemental composition and thermal analysis of the
composite. The mechanical strength of the composite is examined using Vickers micro-hardness test. In
addition, antibacterial nature of the composite is evaluated against negative and positive bacteria. The
viability of human osteosarcoma MG 63 cells over the composite is studied at different concentrations of
1, 3, 7, 10 and 15 µg for 24 h of incubation. Overall, the present investigation shows that the as-
synthesized HAp/CNF/Cur composite with enhanced thermal, mechanical and biological properties will
be a prospective aspirant for tissue engineering therapeutics.

1 Introduction
Bone tissue engineering is considered as one of the most innovative biomedical technology in the
reconstruction and repair of injured tissues linked with tumor resections, osteoporosis, cancer, trauma,
or/and infections/in�ammation[1, 2]. For this purpose, there is an emergency demand for developing
bioceramic material that can assist the regeneration of tissues.3

In this point of view, different types of bioceramic materials are being developed and utilized for tissue
engineering applications. Among these materials, HAp has attracted considerable attention, and also
established to be a prospective bone substitute bioceramic materials [4, 5] due to the numerous essential
advantages such as high bioactivity, excellent biocompatibility, osteoconductivity and non toxicity,[6] etc.
In addition to this, HAp is an essential candidate because it can form a direct bond with natural bone
owing to its resemblance with the mineral fraction of natural bone in chemical and crystallographic
structure with living tissues [7].

Different preparation method such as co-precipitation, hydrothermal, sol-gel, ultrasonication and heat
treatment has been tailored for HAp synthesis [8–11]. Nowadays, young scientists have mostly focused
on the preparation of pure HAp from the biowaste material. Because, then the readily available HAp is
very costly owing to the usage of analytical reagents in the synthesis of HAp. As a result, researchers
across the world are progressively searching an alternative means toward cost reduction by utilizing
some kinds of natural waste materials using the concepts of “waste to wealth” [12]. This great idea gives
a novelty to generate a new and safe valuable product from the biowaste material. In addition, these
materials can be converted into more precious things which maintains environment safe [13].
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Recently, HAp has been synthesized from the biogenically waste material such as �sh bone, bovine bone,
egg shells and sea shells, etc.[14–17] Due to some resemblance in chemical contents and commercial
HAp, it has been motivated possibility to produce HAp material from �sh bones. Therefore, �sh bone
(biowaste) material was used for the synthesis of HAp and this is one of the best ways to minimize the
cost [15, 16]. Hence, �sh bone has been used as a raw biomaterial for the synthesis of novel HAp.
Generally, it is imperative to note down that owing to the growing use of �sh worldwide, considerable
quantity of �sh waste is being formed every year [17]. Universally about 970–2700 billion tons of �sh are
caught, in which 450–1000 billion are utilized for human consumptions and the remaining is used for
�sh oil extraction. Hence, utilization of �sh bone material can signi�cantly support sustainable
environmental development and reduces the environmental issues.

In particular, �sh bones are mainly composed of water, collagen, and connective tissue proteins and the
remaining 41–84% of other proteins [4, 18]. There are various series of calcium phosphate salts, which
are mainly present in �sh bone owing to their excellent biological response in physiological environment
[12, 13]. Hence, HAp sample was extracted by calcinating the �sh bones at various temperatures.
Extraction of HAp from �sh bone is low cost and biologically safe, since it is easy to obtain [19]. All of
these advantages make the as-synthesized HAp from �sh bone material more attractive for bone tissue
engineering applications [20]. The HAp exhibits low mechanical strength and rigidity which may not be
appropriate for tissue engineering applications [21]. In this biomedical point of view, material researchers
are focusing on the incorporation of commercial reinforcing materials like carbon nano tubes, carbon
nano�bre and some oxides, etc., for the enhancement of mechanical properties [22–24]. However, the
cost of commercial reinforcing agents is extremely expensive which sometimes limits the research
�ndings [25]. Therefore, recent researchers are seeking alternative methods towards cost reduction of the
reinforcing material [26, 27]. For this purpose, scientists mainly focus on the use of agro-wastes to
achieve high expensive biomaterials in an environment friendly approach and sustainable way which can
be utilized in tissue engineering applications [28]. In the past few decades, some researchers are focusing
on probing natural �bers as reinforcement material in pure HAp, such as hemp, bamboo �ber, jute and
kenaf, which were mainly united with biomaterials, so as to �nd a novel variety of completely bioactive
“green composite” [29].

Among various types of polysaccharides such as alginate, cellulose and chitosan possess several
advantages like excellent biocompatibility, noncytotoxicity and biodegradability [30]. Generally, cellulose
is superior recognized as renewable, biodegradable, biocompatible, thermal stability, environmental
friendly biomaterial and non-edible low cost source, representing one of the abundant natural polymer
material on earth. Nowadays, cellulose nano�bre (CNF) derived from natural cellulosic sources, are being
increasingly examined owing to their special properties [31, 32]. In addition, most CNF have attracted vital
signi�cance in tissue engineering applications due to their nanoscale dimensions, low density, high
aspect ratio and mainly impressive biological, mechanical and thermal properties. All of these properties
make HAp/CNF composite highly attractive for bone tissue engineering applications. Since there is no
diverse bioceramic material obtainable to ful�ll all the required needs in the biological �eld, development
of biocomposites as a preferred method for biomedical applications has become mandatory [33]. Hence,
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the incorporation of bone-bioceramic component of HAp into the CNF has revealed superior interaction
and better mechanical properties [34]. This HAp/CNF composite is used in biological process con�rms
poor antibacterial properties which cannot be appropriate for bone tissue engineering applications.

Curcumin (Cur) is a more active yellow material from Curcuma longa L., which is commonly employed as
a �avoring agent and coloring in herbal medicine and food industry in Asian countries to cure the
diarrhea, vomiting, headache etc. Generally, curcumin is very safe and healthy product to human and is
extensively used for treating Alzheimer’s, cystic �brosis and malarial diseases [35–38]. Based on these
positive points, we have concluded that the curcumin could enhance the antibacterial property of the
HAp/CNF composite, and thus, a novel biocompatible trinary HAp/CNF/Cur composite is achieved. A
composite of HAp/CNF/Cur is expected to contribute a more positive arrangement of biological and
mechanical properties and also it is a vital role in the area of biomaterial �eld. However, as far as we
know, the HAp/CNF/Cur composite aimed has not been reported yet.

Thus, the present work aims to implement a green and natural benign procedure consisting of
HAp/CNF/Cur composite to deliver enhanced thermal, biological and mechanical properties, so as to
provide as a potential applicant for bone tissue engineering applications.

2 Materials And Methods

2.1 Materials
Fresh �shes (Tilabia- Oreochromisniloticus), bamboo �ber and rhizome of curcuma longa were used for
the preparation of HAP, CNF and Cur, respectively. Commercially available sodium nitrite (NaNO2), nitric
acid (HNO3), phosphoric acid (H3PO4), ethanol (C2H5OH), sodium hydroxide (NaOH) and acetic acid
(CH3COOH) were purchased from Sigma-Aldrich chemicals (Aldrich, India). All other chemicals and
reagents were obtained from Aldrich, India, as analytical grades. Also, deionized water (DI) was used for
the synthesis of the composite.

2.2 Synthesis of HAp, CNF and HAp/CNF/Cur Composite

2.2.1 Synthesis of HAp from Tilabia �sh
HAp powder was fabricated in the laboratory using Tilabia �sh bones, which are considered as biowaste.
Raw Tilabia �shes were collected from harbor at Thiruvarur, Tamilnadu, India. Initially, the �shes were
washed and boiled in DI to completely eliminate the �eshy materials. Furthermore the �sh bones were
dried at 100˚ C in hot air oven for an hour to remove unwanted moisture from the �sh bones and the
synthesis of HAp was adopted with the procedure reported in literature.6 After that, the as-prepared
samples were calcined at different temperatures (400, 700, 800, 900 and 1000oC) for 2 h to obtain the
�sh bone derived HAp.

The as-synthesized HAp sample can be utilized for composite preparation and further characterizations.
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2.2.2 Synthesis of CNF
CNF sample was synthesized according to the method described in the previous literature report with
some modi�cation [39]. In this preparation, the bamboo �bers were soaked in NaOH for 0.5 h at room
temperature to eliminate the impurities, and then washed with deionized water. Accordingly, a bamboo
�ber was immersed in a 100 ml mixture solution of H3PO4 and HNO3. The mixture of the bamboo �ber
sample was entirely soaked, 0.7 and 1.4 % of NaNO2 were respectively added immediately into the above
mixture within 20 min. The remaining procedure of CNF was adopted in accordance with literature report.
After removal of the undissolved �ltrate, the CNF was �nally washed several times with acetone and dried
for about 35 min at

60˚ C and then ground into a �ne powder which can be used for the preparation of composites and
characterizations.

2.2.3 Extraction of curcumin
The rhizome of curcuma longa was harvested from Salem, Tamilnadu, India. After collection of the
samples, fresh rhizomes of curcuma longa were directly kept in shed, washed with DI. Subsequently, they
were shredded into small threads and then equipped for �nal curcumin extraction which can be employed
for the preparation of the composite. The above extraction was carried out according to the literature
report [36].

2.3 Synthesis of Composite

2.3.1 Synthesis of HAp/CNF Composite
A composite of HAp/CNF was synthesized in the 1 wt.% of HAp and different weight percentage of CNF
(1–3 wt.%) were dispersed in ethanol-water mixture by using ultrasonication process (Ultrasonicator (EN-
60US (Microplus) at 150 W and the frequency of 28 kHz). A cycle of HAp/CNF composite with the
appropriate weight ratios of 1:1, 1:2 and 1:3 was synthesized, which was denoted as HAp/CNF-1,
HAp/CNF-2 and HAp/CNF-3, respectively. The obtained mixture is exposed to ultrasonic treatment at 2 h
in order to ensure a clear distribution of the CNF. Finally, the as-synthesized samples were �ltered and
dried for 8 h at 60 ˚C and then were ground to �ne powder, which can be used for the further preparation
of HAp/CNF composite.

2.3.2 Synthesis of HAp/CNF/Cur Composite
The HAp/CNF/Cur sample was prepared by the known quantity of HAp, optimum concentration of CNF
and 0.5, 1.0 and 1.5 wt.% of Cur in 40 mL of ethanol-water mixture.

A sequence of HAp/CNF/Cur composite weight ratios of 1:1:0.5, 1:2:1 and 1:3:1.5 was synthesized, which
was designated as HAp/CNF/Cur-1, HAp/CNF/Cur-2 and HAp/CNF/Cur-3. This mixture was stirred and
ultrasonicated at 2 h for ensuring clear distribution. This �nal mixture was stirred and ultrasonicated at
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room temperature for about 2 h to an effective dispersion. Finally washed with DI, �ltered and dried at 80
˚C for 12 h.

2.4 Chemical and Morphological Characterizations
FT-IR instrument was used to record the curves for the identi�cation of functional groups in the as
prepared HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3, HAp/CNF/Cur-1,

HAp/CNF/Cur-2 and HAp/CNF/Cur-3 composite samples.

The diffraction angles of the as synthesized HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3, HAp/CNF/Cur-1,
HAp/CNF/Cur-2 and HAp/CNF/Cur-3 composite samples were examined and compared by XRD. The
surface morphological nature of the as synthesized HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3 and
HAp/CNF/Cur-3 composite samples was studied using FESEM (ZESS). Also, elemental composition of
the as prepared sample was investigated using energy dispersive X-ray analysis (EDAX) to identify the
elements in the HAp/CNF/Cur-3 composite.

The thermal behavior of the HAp, HAp/CNF-3 and HAp/CNF/Cur-3 composite samples were examined by
TGA (Perkin Elmer, Diamond TG/DTA instruments). The as synthesized samples were heated under
nitrogen atmosphere in air from 28°C to 700°C.

2.5 Vickers micro-hardness tests
The micro indentation measurements for the HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3 and
HAp/CNF/Cur-3 samples were estimated using Vicker diamond intenter (HMV2T, Shimadzu) at room
temperature. The Vickers micro-hardness (Hv) measurements were calculated for each of the sample by
taking average of �ve measurements made at �ve different locations.

2.5.1 Statistical analysis
All trials were triplicate. The one way analysis of variance (ANOVA) was used for statistical analyzing tool
utilizing Tukey's test for a post hoc examination. The difference examined between samples was
assigned to be signi�cant at P < 0.05. Also, all the measured values are presented with ‘*’ so as to convey
that signi�cant difference has been calculated.

2.6 Biological Characterizations

2.6.1 Antibacterial activity
The antibacterial activities of the as synthesized HAp/CNF-2, HAp/CNF/Cur-1, HAp/CNF/Cur-2,
HAp/CNF/Cur-3 composite was investigated for the two prokaryotic strains that can cause bone
infection, that the composite samples were qualitatively deliberate by a standard disc diffusion method
[40]. Generally, the greater parts of the infection in the human bone are caused by the two prokaryotic
strains such as Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus). The synthesized
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HAp/CNF-2, HAp/CNF/Cur-1, HAp/CNF/Cur-2, HAp/CNF/Cur-3 composite samples was all the discs (6
mm) were equipped from Whatman no: 3 �lter paper, which was placed at equal distances after
immersing into different concentration of (25, 50, 75, 100, 125 µL) HAp/CNF-2, HAp/CNF/Cur (1–3)
samples at 37 ˚C overnight in a incubation chamber. Finally, the zone of inhibition (mm) around the disc
of the as synthesized composite was calculated to observe the antibacterial activity.

2.6.2 Biocompatibility Studies
The in vitro cell viability of HAp/CNF/Cur–3 composite sample was evaluated through MTT assay (3-[4,
5-dimethylthiazol-2-yl]-2, 5 diphenyltetrazolium Bromide) for 1, 3, 7, 10 and 15 µg for 24 h. The different
volumes of HAp/CNF/Cur-3 composite sample were examined by dissolving 0.25 g of HAp/CNF/Cur
composite sample in 2 mL of dimethyl sulphoxide. After one day of incubation, each time, 400 µL of MTT
was added to each volume and then reserved in incubation for 4 h at 37°C. Finally the MTT assay was
then removed, before evaluating absorbance at 570 nm wavelength on microplate by dimethyl sulfoxide
was added to dissolve the formazan crystals, and the ELISA microplate was shaken for 15 min. After that,
the percentage of the cell viability of HAp/CNF/Cur composite sample was determined using the
following formula:

% Cell viability = [A] test / [A] control x 100.

3 Results And Discussion

3.1 Surface characterisation

3.1.1 FT-IR analysis
The FT-IR spectra of HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3 and HAp/CNF/Cur-1, HAp/CNF/Cur-2 and
HAp/CNF/Cur-3 composite are revealed in Fig. 1(a-g). The peaks (Fig. 1(a)) observed at 563 and 600 cm-

1, 961 and 474 cm-1 and 1030 and 1088 cm-1 corresponds to the phosphate (PO4
3−) groups of pure HAp

[24]. The peaks at 3570 and 631 cm− 1 are ascribed to the stretching and bending vibration of the
hydroxyl (OH−) groups. Whereas the broad stretching band at 3000–3700 cm-1 is attributed to the water
molecule of HAP, respectively. The spectra obtained for HAp/CNF-1, HAp/CNF-2 and HAp/CNF-3
composite were shown in Fig. 1 (b-d). All these spectra (Fig. 1 (b-d)) are the overlapped ones of HAp and
CNF units. For instance, the peaks appeared at 870 cm-1 (C – O – C) and 2900 cm-1 (C – H). Furthermore,
a peak at 1427 cm-1 (O – CH), as well as the band at 3334 cm-1 (O – H) in the CNF unit. The FT-IR spectra
(Fig. 1 (b-d)) revealed that the band position of the stretching of O – H group of HAp/CNF composite
shifted to lower wave number in contrast to that of pure HAp which might be owing to the hydrogen
bonding interaction between HAp and CNF. All these FT-IR peaks revealed the presence of CNF in the
HAp/CNF material. Apart from these, the stretching band related to the phenolic –OH of Cur at 3570 cm-1,
1599 cm-1 (C = O), 1512 cm-1 (C = C) and 808, 855 cm-1 (are assigned at bending vibration of C – H alkene
group) has been attenuated in the Fig. 1 (e-g). Comparing with those of HAP (Fig. 1a), HAp/CNF (Fig. 1 (b-
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d)) and the spectrum of the HAP/CNF/Cur (Fig. 1 (e-g)) demonstrates that neither the characteristic peaks
shift nor the new peaks are identi�ed with the incorporation of CNF and Cur, signifying that the
HAp/CNF/Cur samples are the combination of these HAp, CNF and Cur compounds without new
interfacial chemical bonds.

3.1.2 XRD analysis
Figure 2(a-g) illustrates the XRD patterns of HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3 and HAp/CNF/Cur-
1, HAp/CNF/Cur-2 and HAp/CNF/Cur-3. The peak (2θ) values of 25.97°, 31.70°, 32.85°,46.85°, 49.7° and
52.36° were assigned to HAp is clearly evident in Fig. 2 (a) (ICDD card No. 09-0432) and also matches
well with the previous report [40, 41]. Besides the diffraction peaks of HAp, the characteristic peaks of
HAp/CNF-1, HAp/CNF-2 and HAp/CNF-3 (Fig. 2(b-d)) composite samples was examined and cellulose
nano�ber merged small peak at 2θ values of 16.58° and 22.04°. As the CNF concentration is increased
(1–3 wt.%), the XRD peaks become slightly broader indicating the decreased crystallinity due to the
incorporation of CNF in HAp sample (Fig. 2(b-d)). This poor crystalline nature of the HAP/CNF-3 supports
improved new bone formation. In addition to these diffraction peaks, the patterns for HAp/CNF/Cur
composite samples in Fig. 2 (e-g), exhibited the merged peaks close to 12.28 o and 17.22o which can be
assigned to the diffraction of curcumin. As a result, the HAp/CNF/Cur-3 composite sample illustrates that
no appreciable diffraction peaks were formed or lost in the HAp/CNF/Cur-3 composite.

3.3 FESEM and EDAX analysis
The FESEM morphology variation of the as-synthesized HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3 and
HAp/CNF/Cur-3 composite samples are revealed in Fig. 3(a-e). The FESEM morphology of the HAp
(Fig. 3(a)) revealed granular particles with some agglomerated structure. The morphology of the
HAp/CNF sample at three different concentrations of CNF (1, 2 and 3 %) is exhibited in Fig. 3(b-d). The
microscopic image of the HAp/CNF-1 sample (Fig. 3(b)) is found to be a needle like rod morphology.
Similarly, the morphology for HAp/CNF-2 composite sample exhibited typical needle-like structure
(Fig. 3(c)). On further increasing the concentration up to 3 wt.% of CNF (HAp/CNF-3 (Fig. 3(d)), the FESEM
image revealed a highly distributed uniform needle like morphology and compact composite.
Interestingly, when 1.5 wt.% of Cur is added in HAp/CNF-3 (HAp/CNF/Cur) composite (Fig. 3 (e)), a
morphology of compactly organized agglomerated �ower like microstructure is obtained with closely
packed structure without any voids.

The EDAX spectrum of the HAp/CNF/Cur composite is showed in Fig. 3 (f) which spectrum was strongly
evidence the presence of Ca, Mg, P, C and O elements. The EDAX spectrum which is con�rmed the
presence of chemical elements in the composite like calcium, phosphorous and magnesium typical of
HAp phase, carbon and oxygen representative of CNF and Cur.

3.4 TGA analysis
The TGA analysis of the as-synthesized HAp, HAp/CNF-3 and HAp/CNF/Cur-3 composite samples in
nitrogen atmosphere were carried out between 28°C-700°C in air which was aged at a heating rate of
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20°C min-1 for one day as revealed in Fig. 4 (a-c). As shown from TGA curve on Fig. 4(a), the initial weight
loss observed at 100°C is due to the evaporation of water molecule. The weight loss region between
325°C and 450°C is mainly owing to the decomposition of the organic components present in the HAp
sample. In case of HAp/CNF-3 sample (Fig. 4(b)), the initial weight loss occurs below 200°C corresponds
to the evaporation of adsorbed water. The second stage observed from 250°C and 360°C is possibly due
to the decomposition of organic phase, followed by the third stage at around 460°C which is due to the
oxidization of decomposition products. It was observed that the HAp/CNF/Cur-3 composite sample
(Fig. 4(c) showed a weight loss from 100°C to 128°C owing to the moisture content vaporization. From
the Fig. 4(c), it can be seen that the HAp/CNF/Cur-3 sample start to decompose at 206–541°C, while the
Cur starts to decompose at 285°C. The temperature at the degradation rate for CNF is about 410°C. The
sharp weight loss that could be attributed to the decomposition of HAp/CNF/Cur-3 composite can be
related to the incorporation of water molecules and adsorbed solvent. The good thermal stability of
HAp/CNF/Cur-3 composite may be owing to the excellent distribution of CNF and Cur in the HAp unit and
the strong interaction between these three components. These observation indicating that the as-
synthesized HAp/CNF/Cur-3 composite samples exhibit a strong thermal stability which can also be used
at temperatures above 600°C.

3.5 Vickers micro-hardness
In the present study, the Vickers micro-hardness values (Hv) of the HAp, HAp/CNF-1, HAp/CNF-2,
HAp/CNF-3 and HAp/CNF/Cur-3 composite samples are represented in Fig. 5. It is seen from the �gure,
the Hv value observed for the HAp/CNF/Cur-3 composite was found to be 69.1 Hv, which results was
higher than that of the HAp, HAp/CNF-1, HAp/CNF-2 and HAp/CNF-3 (52.0, 54.5, 67.75 and 50.1 Hv),
respectively. Finally, the obtained results it is noticeable that the presence of CNF plays an important role
in enhancing the mechanical property of the composite, which will be more bene�cial in bone tissue
engineering applications.

3.6 Biological Characterizations

3.6.1 Antibacterial activity
In vitro activity of the as-synthesized HAp/CNF-3, HAp/CNF/Cur-1, HAp/CNF/Cur-2 and HAp/CNF/Cur-3
composite samples have been investigated by using the agar disc diffusion method. The two prokaryotic
strains (such as E. coli and S. aureus) are the universal bacteria that are mainly found in the
contaminated wound [41]. The HAp/CNF-3, HAp/CNF/Cur-1, HAp/CNF/Cur-2 and HAp/CNF/Cur-3
composite samples were tested against two prokaryotic strains at �ve various concentrations such as 25,
50, 75, 100 and 125 µL as illustrated in Fig. 6. When compared to HAp/CNF-3, HAp/CNF/Cur-1,
HAp/CNF/Cur-2 and HAp/CNF/Cur-3 composites, the HAp/CNF/Cur-3 composite sample exposed
improved antibacterial activity which is strongly validated from the zone of inhibition (Fig. 6). The activity
results are very well supported by the measured inhibition zone for the optimum and highest
concentration (1.5 wt%) of Cur in HAp/CNF/Cur composite against the two bacteria, which were found to
be the zone of inhibition 5, 6, 6, 8, and 9 mm for S. aureus, and 6, 10, 10, 12, and 13 mm for E. coli,
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respectively. In general, the antibacterial activity of HAp/CNF/Cur-3 composite sample against E. coli
strain was fairly superior when compared to that of S. aureus strain and also it indicates the
HAp/CNF/Cur-3 composite is more active against E. coli strain which suggesting more effective and
excellent antibacterial activity.

3.6.2 In vitro Cell viability test
The in vitro cell viability of HOS MG63 cells on the HAp/CNF/Cur-3 (at optimum concentration of Cur (1.5
wt.%)) composite sample is showed in Fig. 7. The bright �led images of the HAp/CNF/Cur-3 composite
sample at 1, 3, 7, 10 and 15 µg in cultured medium are exposed in Fig. 7 (a-f). It can be obviously noticed
from the Fig. 7 (b-f), the increase quantity of viable cells was seen in the HAp/CNF/Cur-3 composite
sample. The composite (HAp/CNF/Cur-3) sample at 15 µg incubation of culture medium (Fig. 7(f))
exhibits the occurrence of larger amount of viable cells which strongly con�rms that the excellent
biocompatibility of the HAp/CNF/Cur-3 composite sample has been enhanced by the presence of both
CNF and Cur at optimum concentration of 2 and 1.5.wt%, respectively in the sample. Finally, the viability
results showed that the HAp/CNF/Cur-3 composite sample exhibited superior promotion of the in vitro
cell viability which is more supporting for the tissue engineering applications.

4 Conclusions
In this present study, a novel approach was adopted to synthesize a HAp/CNF/Cur-3 composite from
biowaste material. The structural and morphological characterization clearly exhibited the formation of
HAp/CNF/Cur-3 composite which is clearly evident from the FT-IR, XRD and FESEM. The resulting
HAp/CNF/Cur-3 composite showed excellent mechanical strength owing to the presence of CNF.
Furthermore, the presence of CNF and Cur in HAp/CNF/Cur-3 composite increased the thermal properties.
The presence of Cur in the as-synthesized material revealed the good antibacterial activity against the E.
coli and S. aureus. More importantly, the as-synthesized HAp/CNF/Cur-3 composite induced excellent
biocompatibility in vitro. Therefore, the as-synthesized HAp/CNF/Cur-3 composite material exhibits the
signi�cance of vital potential components for bone tissue engineering owing to their excellent thermal,
biocompatibility and antibacterial properties along with improved mechanical properties.
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Figure 1

FT-IR spectra for (a) HAp, (b)HAp/CNF-1, (c) HAp/CNF-2, (d) HAp/CNF-3, (e) HAp/CNF/Cur-1, (f)
HAp/CNF/Cur-2 and (g) HAp/CNF/Cur-3 composite sample.
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Figure 2

XRD spectra for (a) HAp, (b)HAp/CNF-1, (c) HAp/CNF-2, (d) HAp/CNF-3, (e) HAp/CNF/Cur-1, (f)
HAp/CNF/Cur-2 and (g) HAp/CNF/Cur-3 composite sample.
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Figure 3

FESEM images of (a) HAp, (b) HAp/CNF-1, (c) HAp/CNF-2, (d) HAp/CNF-3, (e) HAp/CNF/Cur-3 composite
and (f) EDAX spectrum of HAp/CNF/Cur-3 composite sample.
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Figure 4

Thermal gravimetric analysis of (a) HAp, (b) HAp/CNF-3 and HAp/CNF/Cur-3 composite sample.
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Figure 5

Vickers micro hardness of HAp, HAp/CNF-1, HAp/CNF-2, HAp/CNF-3 and HAp/CNF/Cur composite
sample.

Figure 6
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Antibacterial activity of HAp, HAp/CNF, HAp/CNF/Cur-1, HAp/CNF/Cur-2, HAp/CNF/Cur-3 composite
sample at different concentrations (25, 50, 75, 100 & 125 µL) against E.coli and S. aureus.

Figure 7

Cell viability of HAp/CNF/Cur-3 composite synthesized sample shows the (a) Control, (b-f) 1, 3,7,10 and
15 µg.
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