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Abstract. This paper presents the interaction comparison of poly(vinyl) alcohol (PVA) with
hydroxyapatite derived from Spanish Mackerel (SM) and Whitefin Wolf Herring (WWH) bones,
in different processing method. PVA filament and solution casting method illustrated higher
crystallinity in the FTIR graph as compared to the PVA pellet and filament extrusion method.
Besides, minimal interactions between PVA with glycerol and HAp was observed as well. PVA
pellet and solution casting method portrait higher interaction as compared to the PVA filament
and extrusion method. As for the HAp of SM and WWH, WWH had higher crystallinity and
better cell adhesion with a higher Ca/P ratio while SM had relatively better mechanical strength
with Ca/P ratio near to stoichiometric value. The loading of HAp (0, 2.5, 5, 10, 20, 30%) does
not affect interactions of PVA/HAp composite in FTIR, and thermal properties in TGA.
However, it caused an increase in crystallinity at low HAp loading and decreased at higher
loading of HAp above 10%. Upon addition of HAp, tensile strength increased and elongation at
break decreased. As the loading of HAp increased, both mechanical properties decreased.
Scaffold with WWH composite possessed lower tensile strength and higher elongation at break
than SM composite. The result of mechanical properties corresponded to the SEM result.
ANOVA analysis justified the effect of HAp variations and loading on the mechanical properties
of the composite was prominent.

1. Introduction
Bone healing process is complicated as it is affected by numerous factors such as defect size, location,
cellular response, and more [1]. The field of Tissue Engineering was introduced to restore, maintain, or
improve the tissue functions and simplify the bone healing process [2]. In the context of Bone Tissue
Engineering (BTE) a scaffold is a common approach as it is a bioactive material that can prevent any
adaptive issues while promoting bone healing [3]. Different wound application requires different
features and performance of bone scaffold.
Bio-composites composed of hydroxyapatite (HAp) and poly (vinyl alcohol) (PVA) have been widely
studied and developed for BTE [4]. Scaffold with PVA/HAp has good bioactivity and mechanical
properties [5]. Fish bones are one of the natural sources for the extraction of HAp with rich calcium and
phosphate element [6]. The bones of Spanish Mackerel (SM) and Whitefin Wolf Herring (WWH) were
used to extract HAp because they are widely accessible and have no conflict in religious means [7].
Different sources of HAp have different properties such as porosity, crystallinity, and composition that
would affect its application. PVA is widely used in the medical field as it is FDA approved for medical
use and low cost with good mechanical strength [8]. There is a variety of PVA in terms of their variation,
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forms, degree of hydrolysis, molecular weight, etc. Generally, PVA has common difficulties in thermal
processing [9]. Modification such as adding glycerol as a plasticizer can alter the hydrogen bonding of
PVA and lower its melting point to enhance its thermal processability [10].
In terms of the fabrication method of the bone scaffold, there are two main categories which are the
conventional method and the rapid prototyping method. In this paper, the solution casting as
conventional technique and filament extrusion for Fused Deposition Modeling (FDM) as a rapid
prototyping technique was applied. The material used for different fabrication methods required to
possess suitable properties that suit the nature of the fabrication method. The characterization of the
scaffold is important to justify if the material used for the bone scaffold is suitable for the application of
BTE.
Vibrational spectroscopy allows the study and analysis of the morphological aspect of the material to
understand the physical properties such as crystallinity, mechanical response, or failure condition. The
synergistic effect and binding mechanisms of composite material can be investigated as well [11,12]. In
the present work, FTIR spectroscopy analysis was performed to study the variation of PVA in pellet and
filament form with respective plasticizing effects with glycerol, the composite interaction with different
scaffold fabrication methods of solution casting and filament extrusion, and the differences in natural
HAp derived from different fish bones. Furthermore, the scaffold fabricated with different loading and
sources of natural HAp was characterized to study the effect of these factors on the scaffold properties.
The interaction between composite and the understanding of material network structure provides crucial
information to the development of tissue engineering scaffolds with properties that can fulfill stringent
requirements and applications.
2. Material and Methods
2.1. Material
The fish bones of Scomberomorus commerson, known as Spanish Mackerel (SM) or “Ikan tenggiri” in
Malay language and Chirocentrus nudus, known as Whitefin Wolf Herring (WWH) or “Ikan parang”,
were obtained from local fish stalls in Kuala Lumpur, Malaysia. The bones were stored in the freezer
for preservation. Poly(vinyl) alcohol (PVA) with 88.3% partial hydrolysis was purchased from R&M
Chemical. Glycerol with 99.5% purity was obtained from Merck Sdn. Bhd., Malaysia. PVA filament
was purchased from Ultimaker. All materials were used as received.
2.2. Preparation of Hydroxyapatite and Plasticization of Poly(Vinyl) Alcohol
The fish bones cleaning and calcination process were as mentioned by the authors [7]. Briefly, the spine
parts were selected and boiled in water for 1 hour followed by cleaning to remove organic components.
The bones were dried in oven at 80°C overnight, then calcinated in the furnace at 800°C for 4 hours
with a heating rate of 10°C/min. After cooling, the bones were grinded to powder and sieved with a
mesh size of 150 µm.
Plasticization of PVA involved homogenous mixing 100 phr of PVA, 20 phr of glycerol, and 20 phr of
distilled water. The blend was placed in a sealed beaker at 40 °C for 8 hours.
2.3. Scaffold Fabrication with Solution Casting and Filament Extrusion
Two batches of solution cast film were fabricated, one with SM HAp composite and the other with
WWH HAp composite. Solution casting began with 10 g PVA pellet mixed with 100 mL water and 2
mL glycerol in a hot water bath maintained at 97 ± 3 °C for 1 hour. The solution was constantly stirred
at 500 rpm with a mechanical stirrer to avoid agglomeration of powder. The measured amount of HAp
powder from both fishes was added to the solution according to the composition listed in Table 1. The
solution was then homogenized under 16000 rpm for 10 minutes to evenly disperse the HAp in the

2

15th International Engineering and Computing Research Conference (EURECA 2021)
IOP Publishing
Journal of Physics: Conference Series
2120 (2021) 012004 doi:10.1088/1742-6596/2120/1/012004

solution. The homogenized solution was poured into 135 mm petri dish with controlled thickness at
2mm. The dish was placed in a 60 °C oven for overnight drying.
Filament extrusion began with 5 phr SM HAp added and homogeneously mixed with 100 phr plasticized
PVA filament. The mixture was fed into with Wellzoom Desktop Extruder Line II single screw extruder
with a screw speed of 10. The screw temperature was set at 180 °C and the nozzle temperature was set
at 185°C. The diameter of the filament was adjusted to be 1.75 ±0.05 mm.
Table 1. Composition of HAp/PVA composite for solution casting
Samples
Pure PVA
2.5HAp/PVA
5.0HAp/PVA
10HAp/PVA
20HAp/PVA
30HAp/PVA

PVA as Base
Polymer
(phr)
100
100
100
100
100
100

Distilled
Water
(phr)
1000
1000
1000
1000
1000
1000

Glycerol
(phr)
20
20
20
20
20
20

HAp (phr)
SM
0
2.5
5.0
10
20
30

WWH
0
2.5
5.0
10
20
30

2.4. Scaffold sample characterisation
Fourier transform infrared spectrometer (FTIR) enabled the study of chemical composition and variation
in the molecular structure. FTIR was operated at a range of 400 to 4,000 cm−1 with resolution of 4
cm−1 . The samples for FTIR testing were the pure and plasticized PVA pellet and filament, glycerol,
solution casted film with 5HAp/PVA, extruded filament with 5HAp/PVA, SM HAp, WWH HAp, and
all solution cast film with SM and WWH composite at 0, 2.5, 5, 10, 20, and 30% HAp loading.
The following characterization tests were implemented on all solution cast film with SM and WWH
composite at 0, 2.5, 5, 10, 20, and 30% HAp loading. Energy-dispersive X-ray spectroscopy (EDX) was
used to determine the composition of calcium to phosphate (Ca/P) ratio in the scaffold. The EDX
equipment displayed composition in wt%. Scanning electron microscopy (SEM) used to understand the
morphology condition of the material. It was performed at 1 kV and 20 kV to generate micrographs for
visual analysis [13]. Thermogravimetric analysis (TGA) enabled the study of the thermal behavior of
composite. Under nitrogen flow, 5mg of each sample was heated from 30 °C to 750 °C at a heating rate
of 20 °C/min. For mechanical property analysis, each sample was prepared in 6 mm wide and 8 cm long
rectangular strips. Tensile strength signifies resistance of scaffold to break under tension or elongation.
The samples were clamped with 5 cm distance and tested according to the ASTM D882 standard. A
constant tensile deformation of 25 mm/min was applied until fracture occurred. Each sample was
performed with 5 repetitions for accurate data. The data from tensile testing was used to perform
Analysis of Variance (ANOVA) 2 ways with Microsoft Excel.
3. Results and discussion
3.1. Interaction between variations in poly(vinyl) alcohol
In this study, the vibrational spectroscopy of the variation of poly(vinyl) alcohol (PVA), in the form of
pellet and filament were investigated. The properties of PVA affects its application in the field of bone
tissue engineering, for example in the various scaffold fabrication method of a bone scaffold.
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By analyzing the FTIR curve of variations in PVA in Fig. 1, both PVA had nearly identical curves that
suggested they had similar functional groups and properties of PVA. The large predominant band at
3100 𝑐𝑚−1 to 3600 𝑐𝑚−1 attributed to hydroxyl 𝑂𝐻 groups [14]. The duplet peaks between 2900 𝑐𝑚−1
to 3000 𝑐𝑚−1 associated to 𝐶𝐻2 group, whereby the peak at higher wavenumber represent asymmetric
and the lower wavenumber represent symmetric stretching of 𝐶𝐻2 group [15]. The peak at 1710 𝑐𝑚−1
attributed to 𝐶 = 𝑂 and 𝐶 − 𝑂 of acetate group [16]. Information regarding crystallinity of PVA was
given by the peak at 1140 𝑐𝑚−1 associated to 𝐶 − 𝑂 − 𝐶 stretching [17].

Figure 1. FTIR Graph of PVA pellet and PVA filament
PVA filament had been commercially processed so it had slightly different properties than conventional
PVA pellets. PVA filament possessed a higher degree of crystallinity as compared to PVA pellet with
taller peak intensity at 1140 𝑐𝑚−1. The crystallinity and molecular entanglements are dependent on the
hydrophilic/hydrophobic force balance where hydrogen bonds are responsible for hydrophilic associated
properties [18]. This was further supported by many hydroxyl groups present in PVA filament with
higher band intensity at 3300 𝑐𝑚−1. PVA filament had complex molecular structure. The peak at 2940
𝑐𝑚−1 representing asymmetric 𝐶𝐻2 group had faster energy transfer due to shorter distance to its
abundant neighboring molecules [19,20] PVA filament with higher peak intensity at this wavenumber
suggested more asymmetric 𝐶𝐻2 group present that formed complex structure in the matrix. PVA
filament may be formulated to have rigid structure for 3DP application. With higher peak intensity at
1710 𝑐𝑚−1 attributed for acetate group, the large amount of bulky acetate groups reduced flexibility of
PVA that contributed to its rigid structure [16]. Acetate group with a hydrophobic property may be
desired for PVA filament to resist moisture absorption and enhance its shelf life for commercial use
[21].
Through this study, the molecular structure, and relative properties of PVA pellet and PVA filament
were analyzed. This provided a better understanding of the material’s properties for more relevant and
appropriate applications. For example, the solubility of PVA was affected by its crystallinity whereby
low crystallinity is associated with high water solubility [22]. PVA pellets with a relatively lower degree
of crystallinity may be suitable for a bone scaffold that applies to wounds with a faster healing rate
because it will dissolve within a relatively short time. PVA filament with higher rigidity may be applied
to the load-bearing wound area.
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3.2. Plasticizing effect of Poly(Vinyl) Alcohol variation
Plasticizer such as glycerol is commonly added to PVA to enhance its properties, especially the thermal
properties. Plasticizers break the strong hydroxyl bond between the PVA molecules by forming
chemical bonding with PVA. This will lower the melting and glass transition temperature of PVA to
enhance its thermal processability [22]. Furthermore, the flexibility of PVA can be improved by
increasing chain mobility [23]. This section analyzed the effect of glycerol added into the PVA pellet
and PVA filament with the FTIR result.
Figure 2 and Figure 3 showed the FTIR curve of PVA pellet and filament respectively, for before and
after plasticization with glycerol. By analyzing the graphs, glycerol was present in the plasticized PVA
matrix with several additional peaks representing glycerol in the curve of plasticized PVA. These peaks
included peak at a wavenumber of 1038 𝑐𝑚−1 attributed for 𝑂𝐻 group, 994 𝑐𝑚−1, and 669 𝑐𝑚−1.

Figure 2. FTIR graph of PVA pellet before and after plasticized with glycerol
Interactions between glycerol and PVA were observed with the shifting of spectra. The shifting of largest
hydroxyl band at 3300 𝑐𝑚−1 indicated a good plasticizing effect as it weakened the hydrogen bonding
between PVA molecules. This band with an increase in 𝑂𝐻 peak intensity may be due to the interaction
and incorporation of glycerol. This result was supported by Sreekumar et. al [24] and Wang et. al [25]
with increased 𝑂𝐻 peak intensity corresponding to lower water contact angle that suggested the blend
was more hydrophilic. The shifting of 𝐶 = 𝑂 in acetate group from 1702 𝑐𝑚−1 to 1708 𝑐𝑚−1 indicated
interaction occurred at this double bond that led to a decrease in the peak intensity. For this peak, the
PVA pellet had a significant reduction in the intensity while PVA filament only had a slight reduction.
This suggested PVA filament may have a saturated molecular structure with strong forces between
neighboring molecules that caused difficulties in breaking this double bond.
There was no shifting observed at the duplet 𝐶𝐻2 group at near 2904 𝑐𝑚−1 and 2930 𝑐𝑚−1 for both
PVA. However, the peak intensity of asymmetric 𝐶𝐻2 increased at higher wavenumber and symmetric
𝐶𝐻2 decreased at lower wavenumber. Interaction between PVA and glycerol may take place at
symmetric 𝐶𝐻2 as it was easier to form bonds with low energy required to break the bonds. With this
hypothesis, more complex structure represented by asymmetric 𝐶𝐻2 was formed.
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Figure 3. FTIR graph of PVA filament before and after plasticized with glycerol
Both PVA had different changes at the wavenumber of 1142 𝑐𝑚−1 that gives information about
crystallinity. In Fig. 2, the crystallinity of plasticized PVA pellet increased with an increase in peak
intensity at 1142 𝑐𝑚−1. This result was supported by Boonsuk et. al [26] that reported the addition of
glycerol increased crystallinity of PVA due to strong inter- and intramolecular hydrogen bonding
between the components. However, the crystallinity of plasticized PVA filament decreased in Fig. 3.
This may due to the interaction between PVA filament and glycerol that increased the segmental
mobility of PVA, which deteriorated the crystallinity region [21]. Aforementioned, the crystallinity is
dependent on the hydrophilic/hydrophobic force balance [18]. The difference in changes of crystallinity
for different PVA may due to the difference in force balance within the molecular structure. This was
further supported by PVA filament had more hydrophobic acetate group present in the PVA matrix as
compared to the PVA pellet, which may cause the differences in the hydrophilic/hydrophobic force
balance and crystallinity.
Although there were interactions between PVA and glycerol, the interactions were minimal with small
shifting. The plasticizing effect was achieved but not effective. Therefore, crosslinking agents such as
citric acid might be required to enhance the plasticizing effect for the optimum outcome of plasticization.
3.3. FTIR comparison for different bone scaffold fabrication method
A bone scaffold can be fabricated by two main categories, which are the conventional method and rapid
prototyping with the composite of PVA and hydroxyapatite (HAp). Natural HAp derived from the fish
bone of Spanish Mackerel (SM) was used. Scaffold fabricated by solution casting as a conventional
method with the PVA pellet/HAp composite, and filament extrusion for Fused Deposition Modelling
(FDM) as a rapid prototyping method with the PVA filament/HAp composite were studied and analyzed
with FTIR in this section.
Figure 4 shows the FTIR graph for the solution casting of PVA pellet and HAp. The solution cast
composite curve had overall increased in peak intensity as compared to the curve before solution casting.
The increase in peak intensity primarily due to the incorporation of glycerol and HAp components in
the PVA matrix. The FTIR curve of solution cast composite also showed further interaction between
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glycerol and PVA, with evidence of the increased in peak intensity of duplet 𝐶𝐻2 groups between 2940
𝑐𝑚−1 and 2899 𝑐𝑚−1, absence of acetate group at 1710 𝑐𝑚−1, shifting of 𝐶𝑂 stretching peak between
1089 𝑐𝑚−1 to 1099 𝑐𝑚−1, and the absence of 𝐶𝐻2 bending at 994 𝑐𝑚−1 on the solution cast curve.
There was minimal interaction between PVA and HAp observed from the insignificant shifting of
spectra. The spectra to justify this was the shifting of 𝑂𝐻 peak from 3304 𝑐𝑚−1 to 3292 𝑐𝑚−1, and
1039 𝑐𝑚−1 to 1033 𝑐𝑚−1 due to the peak in HAp curve at 1021 𝑐𝑚−1 from the HAp curve. Asran et.
al [27] supported this finding with electrospun PVA/HAp composite showed interactions with FTIR
result at this range of wavenumbers. The interaction occurred between HAp and PVA with the 𝑂𝐻 from
PVA and HAp formed bonds with 𝐶𝑎2+ from HAp [17]. The overall crystallinity of the solution cast
curve increased with peak increment and shifting at 1140 𝑐𝑚−1. The interaction between PVA and HAp
had modified the crystallinity of the composite.

Figure 4. FTIR graph of PVA pellet and HAp composite before and after solution casting
Figure 5 shows the FTIR graph of the extruded composite of PVA filament and HAp. The extruded
curve showed an overall decrease in peak intensity as compared to the curve before extrusion. The hotmelt extrusion process caused evaporation of volatile component, especially water that led to decreased
at the large characteristic 𝑂𝐻 band at 3300 𝑐𝑚−1 [28]. Decreased in 𝑂𝐻 peak intensity also indicated
possible formation of amorphous structure with PVA chain started to unfold due to thermal heating [29].
There were no peaks shifting observed with the exception at the duplet of 𝐶𝐻2 near 2800 𝑐𝑚−1 to 3000
𝑐𝑚−1. Li et. al [30] reported a similar result. This suggested minimal or no interaction occurred between
HAp and PVA filament at those functional groups during the hot-melt extrusion process. This may due
to the saturated and complex molecular structure of PVA filament that makes it difficult for HAp to
break the bonds for interaction to occur. The 𝐶𝐻2 duplet group had drastic shifting and increased in
peak intensity. These duplet groups responded to temperature induced changes whereby high
temperature will cause an increase in the peak intensity, as reported by Garidel et. al [31]. Moreover,
asymmetric 𝐶𝐻2 at 2915 𝑐𝑚−1 with higher vibrational energy can absorb more thermal energy from the
extrusion process. More saturated asymmetric 𝐶𝐻2 group present suggested complex molecular
structure in extruded PVA filament. The shifting of duplet group indicated interaction occurred at this
functional group because the single bond of 𝐶𝐻2 may be easier to break by the HAp and/or glycerol. On
top of that, the PVA molecules were stretched and aligned as it reached its melting point during the hotmelt extrusion process [32]. With the shear forces from extrusion, this enhanced the interaction of PVA
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with other component, especially glycerol. The thermally induced physical crosslinking between PVA
and glycerol may cause random chain rearrangement and destroyed the crystallinity of polymer [29].
This was supported by the reduction in peak intensity at 1140 𝑐𝑚−1. Moreover, addition of amorphous
HAp may decreased the crystallinity of PVA as well [33].

Figure 5. FTIR graph of PVA filament and HAp composite before and after filament extrusion
The effect of different fabrication methods on the molecular structure of composite had been studied. In
summary, the solution casting method incorporated glycerol and HAp into the PVA matrix. The
crystallinity also increased through the solution casting method. The hot-melt extrusion method losses
the volatile groups during the high temperature operations and reduced the crystallinity of the composite.
In terms of the interaction between PVA and HAp, although minimal interactions were observed, the
solution casting method showed relatively significant interaction as compared to the extruded method.
The high agglomeration rate of HAp and high viscosity of the polymer solution may hinder and
minimized interactions of the composite [34]. Additional components or processes might be required to
enhance the interaction between HAp and PVA for optimum bone scaffold properties especially in terms
of osteoconductive and mechanical properties.
3.4. Differences in hydroxyapatite derived from different fish bones
Plasticizer Natural hydroxyapatite (HAp) can be derived from fish bones. The fish bones used for this
study were the Spanish Mackerel (SM) and Whitefin Wolf Herring (WWH). These fishes known to be
“ikan tenggiri” and “ikan parang” by the locals are common fishes that can be found in Malaysia. This
section interested to study vibrational spectroscopy of natural HAp derived from different fish bones
and their properties.
Figure 6 shows the FTIR of SM and WWH HAp. The FTIR curve of these naturally derived HAp had
good agreement with FTIR reported for synthetic HAp [34, 35] and naturally derived HAp [37]. Both
curves had similar peaks but WWH had overall higher peak intensities than SM. The crystallinity of
HAp was observed from the FTIR graph with WWH had higher crystallinity than SM. The first evidence
was the antisymmetric mode of 𝑃𝑂43− group at spectral region between 1040 𝑐𝑚−1 and 1090 𝑐𝑚−1. As
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proposed by Pleshko et. al [38] and further validated by Poralan et. al [37], the peaks within this range
of wavenumber give information about the crystallinity of HAp. The smaller the area of this phosphatesubstitution side, the higher the degree of crystallinity of the HAp. WWH had a smaller area than SM at
this side suggested WWH had higher crystallinity. The second evidence was the bending of 𝑃𝑂43− at
500 𝑐𝑚−1 to 630 𝑐𝑚−1. Sharp duplet peaks at this range of wavenumber indicates high crystallinity as
proposed by Poralan et. al [37]. WWH with higher peak intensity of the duplet peak as compared to SM
indicated WWH had higher crystallinity. On the other hand, 𝛽 type tri-calcium phosphate (𝛽 − 𝑇𝐶𝑃)
may be present in the natural HAp with a peak around 960 𝑐𝑚−1 and this finding correlate to other
naturally derived HAp [7,39]. The small peak at 1420 𝑐𝑚−1 on SM and 1425 𝑐𝑚−1 on WWH curve
attributed to 𝐶𝑂23− carbonate ions that associated to amorphous phase of HAp [40]. It present as
impurities and found in traces amount by the other authors [37,41]. The small peak may due to
decomposition of carbonate ions into carbon dioxide during the high temperature calcination process
[7]. Hydroxyl groups also present with small peaks at 3600 𝑐𝑚−1 to 3736 𝑐𝑚−1 for both SM and WWH.
WWH had more hydroxyl groups with the extra peak at 631 𝑐𝑚−1 that was absent in SM curve. This
result correlate to findings by Boutinguiza et. al [39] that propose biological HAp has nonstoichiometric
composition with less hydroxyl content.

Figure 6. FTIR graph of hydroxyapatite derived from fish bone of SM and WWH
The EDX result in Table 2 showed WWH had calcium to phosphorus (Ca/P) ratio of 1.92 and SM with
1.77. Both HAp had a non-stoichiometric ratio due to the presence of metal ions that promotes bone
reconstruction [42]. SM had a ratio closer to the stoichiometric ratio of 1.67 while WWH had a higher
ratio than the stoichiometric ratio. This suggested SM had the characteristic of a stoichiometric ratio
with maximum strength and structural rigidity that closed to natural stoichiometric apatite in human
bone [43]. The higher Ca/P ratio for both SM and WWH indicated the presence of B-type carbonate
phosphate, a mineral similar to human bones that promotes cell adhesion [39]. WWH had more of this
apatite with a higher Ca/P ratio and further supported by the higher carbonate ions peak at 1420 𝑐𝑚−1
from FTIR curve of WWH HAp.
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Table 2. Calcium to phosphorus ratio of natural HAp derived from different fish bones
Sources of HAp for 30HAp/PVA
Ca/P Ratio (wt%)
Spanish Mackerel (SM)
1.77
Whitefin Wolf Herring (WWH)
1.92
Stoichiometry
1.67
In summary, both HAp contained a small amount of 𝛽 − 𝑇𝐶𝑃 that promotes osteoconduction [7,39].
From the FTIR result, WWH had higher crystallinity than SM. Crystallinity has an inverse relationship
with solubility that affects bone consistency and osteoconductivity. HAp with similar crystallinity as
human bone can easily interact with the body systems with a lower risk of a rejection response.
Therefore, SM with a relatively lower crystallinity can be applied to wounds with shorter healing time
with its higher solubility. The higher crystallinity WWH may be suitable for bone scaffold applied on
wounds that required longer healing time due to its low solubility. From EDX result, SM with stronger
structure can be applied to loading-bearing area that experiences higher stress whereas WWH can be
useful in the application that priorities rapid wound healing.
3.5. Fishbones hydroxyapatite with poly(vinyl) alcohol composites
This section discussed the characterization of bone scaffold fabricated by solution casting method with
PVA pellet and HAp. The HAp was varied by variation in HAp (SM and WWH) and its loading (0, 2.5,
5, 10, 20, and 30%).
The effect of HAp added into PVA was discussed in the earlier section. The FTIR in Fig. 7 discussed
the effect of different loading of SM HAp. The crystallinity of composite was affected by the loading of
HAp as shown in peak wavenumber of 1140 𝑐𝑚−1. This peak intensity increased at low HAp loading
but started to reduce with HAp loading from 10% onwards. This suggested the HAp interacted with
PVA improved the crystallinity at low loading. However, at high loading, the dominating brittle property
of HAp and agglomeration may disrupt the crystallinity [29,34]. The peak at the wavenumber of 1033
𝑐𝑚−1 attributed to 𝑂𝐻 group for PVA and 𝑃𝑂43− for HAp, showed interesting changes as well. The
peak shifted upon addition of HAp at 2.5% loading and does not further shift despite increasing loading
of HAp. The initial addition of HAp induced interactions but loading of HAp does not affect the
interaction. The initial shifting of this peak suggested interaction may occur between HAp and PVA.
This occurrence of interaction indicated HAp was uniformly dispersed in PVA matrix that enabled the
formation of the chemical bond between these components [17]. The gradual increase in this peak
intensity at 1033 𝑐𝑚−1 as HAp concentration increased due to the increase in phosphate group in the
matrix. The notable increased in new peak intensity at 596 𝑐𝑚−1 attributed to 𝑃𝑂43− also supported this
finding. Several peaks experienced no change in peak intensities despite loading of HAp, such as the
𝑂𝐻 band at 3300 𝑐𝑚−1, the duplet 𝐶𝐻2 group between 2940 𝑐𝑚−1 and 2899 𝑐𝑚−1, 1650 𝑐𝑚−1
attributed to 𝑂𝐻 from wate, etc.
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Figure 7. FTIR graph of film with composite of PVA and different loading of HAp derived from fish
bone of SM
The TGA result in Fig. 8 showed three stages of weight loss from 30 °C to 275 °C, 275 °C to 320 °C,
and 320 °C to 520 °C. The first weight loss was due to the evaporation of volatile composite, primarily
water. The second weight loss was the degradation of the side chain and 𝑂𝐻 group of PVA. The third
weight loss was due to the degradation of the main chain of PVA with a carbonation reaction. There was
no specific trend in the first two stages of weight loss with increased loading of HAp. This may due to
PVA was the dominating component affecting the TGA curves at this range of temperatures. However,
after 500 °C when all PVA was decomposed, a clear trend was observed whereby higher loading of
HAp had lower weight loss. At high temperatures, all organic components would be burned off and left
with the high thermal stability HAp. Higher loading of HAp had lower weight loss due to the higher
concentration of remaining metal ions present in its composition, as compared to the lower loading of
HAp.

Figure 8. TGA curve of film with composite of PVA and different loading of HAp derived from fish
bone of SM
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The SEM imaging was done at the fracture site of PVA/HAp composite at 2.5% and 30% loading. Figure
9 (a) showed the fracture site at 2.5% loading of SM HAp composite with a clean fracture pattern. This
may due to the low concentration of HAp that homogeneously dispersed in the PVA matrix or poor
bonding between HAp and PVA, which caused only PVA contributing to the fracture pattern [44].
Figure 9 (b) of 2.5% WWH composite showed a rough and pulled pattern. The pulled pattern suggested
this composite had a better plasticizing effect and good elasticity. The rough surface may due to the high
surface energy of WWH that caused the soft agglomeration of HAp at low loading [45]. The
agglomeration that acts as stress concentration points caused poor mechanical properties of the
composite. Comparing Fig. 10 for 30% high loading of (a) SM and (b) WWH composite, SEM showed
a saturated matrix whereby WWH had more agglomeration cluster as compared to SM at the same
magnification. This further verified WWH had higher surface energy that tends to cause HAp
agglomeration in the composite.

Figure 9. SEM of fractured composite of PVA and 2.5% HAp loading from fish bones of (a) SM and
(b) WWH

Figure 10. SEM of fractured composite of PVA and 30.0% HAp loading from fish bones of (a) SM and
(b) WWH
The mechanical properties of PVA/HAp composite were analyzed in terms of tensile strength with Fig.
11 (a) and elongation at break with Fig. 11 (b). The addition of HAp into the PVA matrix improved the
tensile strength due to interactions that formed strong hydrogen bond and/or hydroxyl-calcium-hydroxyl
bonds that improved the mechanical performance of composite [17]. The load applied was deflected by
the interfacial bonding that further reinforced the toughness of structure [41]. The elongation of break
was decreased upon the addition of HAp due to the presence of brittle HAp that reduced the elasticity
of composite. As the loading of HAp increased, both mechanical properties decreased. Other than the
increase in the concentration of brittle HAp, agglomeration of HAp may cause deterioration of the
mechanical properties. The agglomeration blocked the dislocation motion when molecules slipped
against each other to deflect the load applied. This formed stress concentrated locations where
mechanical failure starts to occur. In Fig. 11 (a), WWH had overall lower tensile strength as compared
to SM. This is due to the high crystallinity of WWH with brittle properties and higher surface energy
that tend to agglomerate HAp [46]. From Fig. 11 (b), WWH had higher elongation at break as compared
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to SM that suggested WWH composite had better interactions and plasticizing effect. This was further
supported by relatively more hydroxyl groups observed in FTIR of WWH that could form more
interactions between HAp with PVA and glycerol. As compared to the gradually decreasing trend in
Fig. 11 (b), WWH HAp had drastically decreased at 30% loading. This might due to the relatively higher
surface area of WWH that formed more agglomeration and drastically affected the mechanical property
of WWH composite. SEM imaging also supported this hypothesis with more agglomerations formed in
30% WWH HAp. ANOVA 2-way statistical analysis was performed to determine if mechanical
properties of the composite were affected by HAp loading and variations. With a threshold value of
0.05, both factors contributed to tensile strength and elongation at break, with variation in HAp as the
dominant factor. Therefore, it is crucial to select suitable HAp with properties that tailored to different
applications of the bone scaffold.
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Figure 11. Mechanical properties of different variations and loading of HAp in PVA/HAp composite
with (a) tensile strength and (b) elongation at break

4. Conclusions
FTIR spectroscopy has proven to be a useful tool to characterize the molecular structure, interactions,
and relevant properties. In terms of variations in PVA in the form of pellet and filament, the analysis
showed PVA filament had complex saturated molecular structure, relatively higher crystallinity, rigid,
and more hydrophobic nature than PVA pellet. Minimal interactions between PVA and glycerol were
observed with the slight shifting of spectra and changes in peak intensity. This suggested crosslinking
agent may be required to enhance the plasticizing effect. PVA pellet showed slightly more evidence of
interaction with glycerol, as compared to PVA filament with saturated molecular structure. The
plasticizing effect of the PVA pellet increased the crystallinity of composite while PVA filament showed
decrement. The different responses reflected on crystallinity may arise from the difference in hydrophilic
and hydrophobic force balance present in the PVA variations. Similar findings were observed for the
variation of the scaffold fabrication method. The FTIR of solution casting film indicates incorporation
of components into the matrix and increased in crystallinity, while the extruded filament showed
evaporation of volatile components with the hot-melt extrusion process with decreased crystallinity.
Minimal interactions were observed for both methods, but solution casting illustrated slightly more
interaction between PVA and HAp composite as compared to extrusion. The FTIR analysis of natural
HAp derived from fish bone of Spanish Mackerel (SM) and Whitefin Wolf Herring (WWH) showed
WWH had higher crystallinity than SM. Both HAp contains a small amount of 𝛽 type tri-calcium
phosphate (𝛽 − 𝑇𝐶𝑃) that possessed good biodegradability and cell compatibility. SM had calcium to
phosphate (Ca/P) ratio closer to the stoichiometry ratio that indicates SM had optimum mechanical
strength corresponding to human bone. WWH had a higher Ca/P ratio than stoichiometric suggested the
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presence of B-type carbonate phosphate that promotes cell adhesion. The loading of HAp does not affect
the interactions of composite from the FTIR graph and the thermal properties from the TGA curves.
However, it did affect the crystallinity of composite that increased at low HAp loading and further
decreased at HAp loading of 10% onwards. This is due to the agglomeration of HAp at higher loading
that formed stress points where fracture begins, as supported by SEM. Upon the addition of HAp into
PVA, the tensile strength of composite increased due to strong bonds formed from the interaction of
PVA and HAp, while elongation at break decreased due to a reduction in elasticity by the brittle HAp.
As the loading of HAp increased, both mechanical properties decreased due to an increase in the
concentration of brittle HAp and agglomeration. WWH composite portraits lower tensile strength due
to its higher crystallinity with brittle properties and higher surface energy that prone to agglomeration.
WWH also had higher elongation at break due to better plasticizing effect, evidenced by more hydroxyl
groups observed from FTIR and pulled fracture pattern in SEM. ANOVA analysis confirmed HAp
loading and variations contributed to changes in mechanical properties, with HAp variation being the
most influential factor.
The material’s properties and interactions were studied with FTIR spectroscopy analysis to provide
information for its application. Crystallinity had an inverse relationship with solubility which is a crucial
parameter of the bone scaffold. The composition and mechanical properties greatly affect the
performance and application of bone scaffolds. With the same objective, future work can be performed
to provide further justification for this work such as XRD to justify crystallinity, DSC to justify thermal
properties, BET to evaluate the pore structure, swelling test to study the solubility, and more. This work
can be expanded to study the effect of these materials' interaction on scaffold properties fabricated by
other scaffold fabrication methods. These works can be performed as an effort of realizing the feasibility
of PVA and naturally derived HAp from fish bones for the application of bone tissue engineering.
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