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ABSTRACT

The wound healing process involves replacing damaged tissue through a series of cellular events. Microtechnology has the potential
to provide the specific physicochemical properties and biological responses necessary to facilitate and support the wound healing
process. Many natural biopolymers have been developed in the design of wound dressings. Hydroxyapatite and collagen exhibit
antibacterial effects, anti-inflammatory and hydrophilic properties that can support wound treatment and prevent infection.
Meanwhile, cellulose has been developed a lot regarding the utilization of its mechanical properties. This research aims to analyze the
effect of variations in microcrystalline cellulose (MCC) composition on the physical and mechanical properties of HA/collagen
composite scaffolds. The samples obtained were characterized by XRD, SEM, EDS, and UTM. The cellulose sample showed a diffraction
peak at 21.7°, which increased significantly in the MCC spectrum. The intensity value was higher after going through the hydrolysis
process, indicating that the hydrolysis process was able to increase the MCC intensity with a crystallinity index reaching 70.2%. The
addition of MCC in the HA/collagen composite scaffold had an impact on increasing the strain value by 63.77% and relatively reducing

the fiber diameter and membrane porosity.
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1. INTRODUCTION

The need for wound dressing materials increases every year
along with increasing cases of tissue damage. The
development of material technology is an effort to restore
the function of damaged tissue. Biomaterials are materials
in medical applications that have been engineered to
interact with biological systems. Biomaterials interact with
living tissues or organisms with the aim of repairing,
replicating, or replacing the function of damaged or lost
tissues/organs [1]. Nowadays, the development of material
technology is expected to accelerate, including wound
covering membranes (scaffolds). Apart from functioning to
protect new tissue, scaffolds are also expected to speed up
the wound healing process [2].

Scaffolds can be made from various types of materials,
including ceramics, polymers, or a combination of both
(composites). Scaffolds made from composite materials
show better properties and performance compared to
scaffolds made from organic materials alone. Scaffolds
made from composites have better mechanical strength, cell
proliferation, bioactivity, and hydrophilicity [3].
Hydroxyapatite (HA) is an active biomaterial that has now
been widely developed. HA can be obtained from various
sources, one of which is eggshells. Egg shells are a source of
Calcium (Ca) in the form of Calcium carbonate (CaCOs3) [4].
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Chicken eggshells contain around 94% CaCOs, the high
CaCOs content in eggshells has the potential to be used as a
matrix in the synthesis of biomaterials. The results of
research that have been carried out show that the use of
CaCO3 can improve the mechanical properties of
composites with a polymer matrix [5].

Hydroxyapatite in wound coating membrane applications
can be increased in effectiveness by adding reinforcing
polymers [6]. Pineapple leaves are the most waste produced
from pineapple farming, which is around 70% at each
harvest [7]. Pineapple leaf fiber has a fairly high cellulose
content, namely between 69.5% and 71.5%. Pineapple leaf
cellulose can be extracted using several methods, including
alkaline hydrolysis, acid hydrolysis, alkaline methods, and
enzymatic methods. The alkaline method is an effective and
efficient method used in cellulose extraction. In this
research, NaOH was used in the cellulose delignification
process.

Cellulose is a polymer material that can be used as
reinforcement and improves the mechanical properties of
composite scaffolds [8, 9]. Cellulose has biodegradable,
antimicrobial, and antioxidant properties, which can help
prevent infection and speed up the wound healing process
[2, 10]. Previous research included biocomposites with the
addition of pineapple leaf fiber as the filler [11]. The test
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results indicated that the highest tensile strength value was
17.11 MPa at the addition of 25% w/w of cellulose, while
the lowest tensile strength value was 1.99 MPa at the
addition of 10% w/w of cellulose. This indicates that the
tensile strength will increase along with the weight
percentage of cellulose [11].

Microcrystalline cellulose (MCC) is a microparticle crystal
isolated from cellulose and has potential as a biomaterial
reinforcement. Smaller sizes have the potential to provide
greater surface area. Microcrystalline cellulose has a small
size, large surface area, and a relatively high level of
crystallinity and modulus young. Isolation of
microcrystalline cellulose can be carried out by carrying out
acid hydrolysis of the amorphous part of the cellulose fiber,
leaving micro-sized crystalline domains [12].

Collagen is a material that is biocompatible, biodegradable,
easily absorbed by the body, non-toxic, and relatively stable
[13]. The results showed that the collagen-HA composite
increased the percentage of live cells in the cytotoxicity test.
This proves that using collagen and hydroxyapatite together
is beneficial in terms of cell growth. HA-collagen composites
when implanted in the human body show better
osteoconductive properties compared to monolithic HA
[14]. Based on the results of mechanical properties tests
with the hydroxyapatite/chitosan/collagen composite
composition, it was obtained that the best sample with a
composition of 7:1.5:1.5 had the highest compressive
strength, namely 219.77 kPa. A sample with a composition
of 7:2:1 only has a compressive strength of 155.31 kPa [15].

The electrospinning technique is a method for making
composite scaffolds that can produce fibers in nano to micro
sizes [16]. The advantage of electrospinning lies in the very
small fiber size, resembling the structure of natural collagen
fibers in skin tissue so that it can increase contact with the
skin surface, as well as facilitate cell proliferation and tissue
healing [17]. The fiber structure in the resulting scaffold can
support the cell growth process due to the formation of an
extracellular matrix structure.

Pineapple leaf fiber cellulose as a reinforcing polymer in
composite scaffolds has not been widely used in previous
research. The proposed research will investigate the
characteristics of cellulose produced from pineapple leaf
fibers and the effect of adding cellulose as reinforcement
and HA/collagen as a matrix in composite scaffolds using
the electrospinning method. Sample characterization
includes the Scanning Electron Microscope (SEM) test to
determine diameter and morphology, X-Ray Diffraction
(XRD) test to determine the fiber phase structure, the
optical microscope test, the proximate test, and the tensile
test.

2. METHODOLOGY
2.1. Materials
The materials used are 60 mesh dried pineapple leaves,

sodium hydroxide (NaOH), hydrogen peroxide (H2032),
sulfuric acid (H2SO4), acetic acid (CH3COOH), polyvinyl

alcohol (PVA), hydroxyapatite, collagen, and deionized
water.

2.2. Preparation of MCC from Pineapple Leaf Fibers

Pineapple leaf fibers were cleaned using running water to
separate dirt or other substances mixed with the fibers.
Next, the pineapple leaf fibers are dried using an oven. The
process of grinding pineapple leaf fiber was conducted
using a grinding machine or fiber cutter. Pineapple leaf
fibers were crushed and sieved until they reached a size of
60 mesh [18]. At this stage, the sample in powder form was
subjected to a proximate test to determine its chemical
content.

Cellulose isolation was carried out by modifying the alkaline
method [8]. Dry pineapple leaf powder measuring 60 mesh
was mixed with 10% w/v NaOH in a ratio of 1:8. The
delignification process uses a 10% w/v NaOH solution and
was heated at 112°C for 60 minutes. Next, the delignification
product was filtered using a filter cloth and washed with
distilled water. Next, the delignification product was dried
in an oven at 80°C with a power of 400 W until a constant
weight was obtained. The bleaching process was carried out
by reacting the delignification product with 10% v/v H20x,
then the sample was heated at 60°C for 90 minutes, then
filtered, and the precipitate was washed with distilled water
until the pH was neutral. The bleached samples were dried
in an oven at 80°C until a constant weight was obtained.

Microcrystalline cellulose was made by modifying the acid
hydraulic method [8]. Acid hydrolysis was carried out based
on the ratio of cellulose to sulfuric acid (H2SO4) 1:20.
Cellulose was dissolved in a 60% v/v H2S04 solution, then
put into a beaker and stirred and heated using a magnetic
stirrer at a temperature of 50°C for 5 hours. Next, the
solution was cooled to room temperature, and 2 times the
amount of acid was added with distilled water.
Centrifugation was carried out at 5000 rpm for 10 minutes
to remove any remaining acid. After that, an ultrasonication
process was carried out for 10 minutes to break down the
particle sizes into smaller ones. Next, the sample was
centrifuged again to separate the liquid from the sediment.
Wet microcrystalline cellulose was dried in an oven at 60°C
until a constant weight was obtained. At this stage, the
sample in powder form is subjected to an XRD test.

2.3. Fabrication of MCC/HA/Collagen Composite
Scaffold

The composite scaffold manufacturing process was carried
out repeatedly with the MCC components varied (0, 0.5, 1.0,
1.5, and 2.0)w/v. HA and collagen solutions were mixed
with a ratio of 1:1 and a PVA concentration of 10% w/v.
Table 1 is a modification of the composition variations of
MCC/HA/collagen in making the composite.

Scaffolds MCC/HA/collagen composite was produced using
the electrospinning method. The homogenized
MCC/HA/collagen solution was inserted into an injection
equipped with a syringe. The needle was connected to a
positive voltage source while the low voltage source



Table 1. Variations in MCC/HA/collagen compositions

Sample PVA MCC HA Collagen
code (%w/v) (%w/V) (%w/v) (%w/v)
A - 2.00 2.00
B 0.5 1.75 1.75
C 10 1.0 1.50 1.50
D 1.5 1.25 1.25
E 2.0 1.00 1.00

(ground) was connected to a collecting plate as a container
for the fibers produced from electrospinning. The
electrospinning voltage was 12 kV with a distance from the
tip of the syringe to the collector wire of 8 cm. The
MCC/HA/collagen solution was passed through a spinneret
(jet) hole with a diameter of 0.1 mm and a spray speed on
the pump of 1.08 uL/hour. The solution that has been
induced by an electric charge under the influence of the
electric field will jump towards the electrode with the
opposite charge and be accompanied by the process of
evaporation of the polymer solvent so that only the polymer
fiber remains on the collecting plate.

2.4. Physical Characteristics and Morphology
2.4.1. Crystalline Analysis

The crystalline analysis of the MCC samples was examined
using X-ray Diffraction (XRD, PANalytical AERIS).
Characterization using XRD was carried out to identify the
phases, lattice parameters, and degree of crystallinity
contained in the samples. The tested sample is exposed to
X-rays at an angle of 20 from 5° to 90°. Samples in powder
form are compacted and leveled on the available holder. The
XRD source is Cu K-alpha with a wavelength of 1.54060 A.
The crystal size can be calculated using the Debye-Scherrer
equation as in Equation (1):

KA

L= B Cos6

x 100% (1)

where L is crystallite size (nm), A is the X-ray wavelength, 3
is the full width half maximum (FWHM, in rad), and 6 is the
corresponding Bragg angle.

2.4.2. Morphology Structures

Composite scaffold morphology testing was carried out
using an optical microscope. The test was carried out by
cutting the membrane measuring 1 cm x 1 cm, then placing
the sample on the preparation, after which it was observed
using a microscope so that the surface structure of the
membrane could be seen.

2.4.3. Scanning Electron Microscopy and Energy
Dispersive X-Ray Spectroscopy

The surface morphology and the elemental composition of
the cellulose and MCC samples was examined by using
Scanning Electron Microscopy (SEM, Quattro S). The sample
specimens were coated with gold (30 um thickness) in an
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automated sputter coater. The composite scaffold sample to
be tested is placed on an aluminium plate and then observed
using SEM at 5000x magnification. The acceleration
potential is 20 kV. Characterization using SEM was carried
out to determine the surface morphology and diameter of
the MCC/HA/collagen scaffold composite.

2.5. Mechanical Properties of MCC/HA/Collagen
Composite Scaffold

2.5.1. Tensile Test

Determination of the mechanical properties of
MCC/HA/collagen composite scaffolds was carried out
using a Universal Testing Machine (UTM, Shimadzu 10 kN).
This test aims to determine mechanical properties such as
strength, elasticity, stiffness, and plasticity. The tool speed
is 2 mm/minute [19]. The results obtained from the tensile
test are the stress value (0), elongation at break (), so that
the tensile strength and elongation values are obtained.

3. RESULTS AND DISCUSSION
3.1. Proximate Test of Pineapple Leaf Fibers

Proximate testing was carried out to analyze the contents
that make up pineapple leaf fiber before cellulose
extraction. The chemical composition value is needed to
identify the properties possessed by the material. Pineapple
leaf fiber, which has been analyzed proximately contains
ash, crude protein, crude fiber and crude fat. Table 2 shows
the chemical composition of 60 mesh pineapple leaf fiber.

3.2. Morphology and Physical Properties of Cellulose
and Microcrystalline Cellulose

3.2.1. Morphology Structures

Optical microscopy (OM) analysis aims to observe the
surface appearance of cellulose, microcrystalline cellulose
(MCC), and the resulting composite scaffold. Observations
carried out using an optical microscope with 1000x
magnification are shown in Figure 1. Changes during the
hydrolysis process can be identified by observing the
morphology before and after the hydrolysis process is
carried out.

Figure 1 shows the surface appearance of cellulose and
microcrystalline cellulose (MCC). Observation results in
Figure 1 (left) of cellulose obtained through the bleaching
process show that not all of the cellulose fibers have been
defibrillated into microcellulose fibrils; some of the

Table 2. Chemical composition of pineapple leaf fibers

Chemical composition % Composition
Ash 9.03+0.01
Crude protein 9.58+0.03
Crude fiber 23.8340.01
Crude fat 1.584+0.02
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Figure 1. Surface morphology of cellulose (left) and
microcrystalline cellulose (right) using optical microscope
1000x magnification

cellulose fibers are still united to form bundles. Further
mechanical processes need to be carried out to obtain fibers
in microcellulose size. Figure 1 (right) displays
microcrystalline cellulose, which appears to have formed
crystals, where under controlled conditions hydrolysis can
remove the amorphous areas of the cellulose fibers and
leave the crystalline areas.

3.2.2. Crystalline Structures

The XRD diffractogram obtained for a cellulose sample from
pineapple leaf fiber is shown in Figure 2. The cellulose
sample shows a diffraction peak at 12.0°, 16.4°, and 21.7°.
The diffraction peak at 21.7° increased significantly in the
MCC spectrum, indicating a larger cellulose crystalline area
in the sample. Similar results were obtained in other
studies, the cellulose diffraction pattern peaked at a 20
angle of about 11.7° 17.3° and 21.0° [20]. The intensity
value of cellulose is higher after going through the
hydrolysis process, so it can be concluded that the
hydrolysis process is able to increase the intensity value of
microcrystalline cellulose (MCC). XRD characterization at
this stage is used to determine initial conclusions about
cellulose which will be characterized further.

The crystal structure of cellulose has a lattice parameter ac,
with a = 7.87; b = 10.31; and c = 10.13 [21]. The X-ray
diffraction results from MCC show agreement with JCPDS
03-0226 data, at an angle of 26 = 20.6° with the diffraction
plane (0 0 2). The value of the degree of crystallinity of MCC
was obtained at 70.2% using Origin. These results are not
much different from similar research; the extraction of

Intensity (a.u.)

60
20 (°)

Figure 2. XRD patterns of cellulose and microcrystalline cellulose
(McQ)
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microcrystalline cellulose obtained a crystallinity index of
72.53% [22]. The increase in the crystallinity value of the
MCC sample after going through the hydrolysis process was
caused by the amorphous area containing the crystalline
part having dissolved during acid hydrolysis and releasing
more individual crystals [23].

The crystal size was calculated using the Debye-Scherrer
equation, the FWHM (3) value was obtained using the Match
application. The average crystal size of all cellulose peaks
was 113.554+0.06 nm and the MCC was 86.68+0.03 nm. The
average crystallite size of cellulose samples is larger than
that of microcrystalline cellulose (MCC). The decrease in
crystallite size can be attributed to the acid hydrolysis
reaction process which breaks down the cellulose layer and
hydrolyzes the cellulose crystals into smaller ones. Removal
of amorphous regions increases crystallinity and decreases
crystallite size [23].

The XRD results show that the MCC crystallinity is more
than 50%, namely 70.2%, and the average crystallite size of
all MCC peaks is less than 100 nm, namely 86.6+0.03 nm.
The crystallinity index and measurements obtained show
that hemicellulose and lignin in the amorphous part of
cellulose have been successfully separated from the
crystalline part of cellulose through alkaline treatment,
bleaching and acid hydrolysis. High cellulose crystallinity is
more effective in producing materials of good quality and
high strength.

3.2.3. Surface Morphology

Scanning electron microscopy (SEM) analysis was used to
identify the surface morphology of cellulose and
microcrystalline cellulose (MCC). The electron source is
fired at the sample, then the sample scatters electrons based
on its electrical properties. Coating with gold metal needs to
be done because the sample is not conductive. The image
formed shows the structure of the sample being tested. SEM
characterization of cellulose using 5000x magnification.
Figure 3(A) shows an SEM image of cellulose from
pineapple leaf fiber. Based on the SEM image results after
chemical treatment, it appears that most of the pineapple
leaf fiber cellulose is still united to form bundles, not yet
completely defibrillated into small cellulose fibrils. The
hydrolysis process needs to be carried out to obtain fibers
in microcellulose size. In this research, the diameter of the
cellulose fibers produced varied, ranging from 2 pum to
11 pm.

SEM characterization of microcrystalline cellulose (MCC)
using 5000x magnification. Figure 3(B) shows the MCC
morphology of pineapple leaf fibers. SEM image analysis
after chemical treatment, it is known that the MCC of
pineapple leaf fibers has an irregular surface. These results
are consistent with previous studies. SEM imaging revealed
that the analyzed material exhibited an irregular shape and
a polydisperse particle size distribution. These results are
consistent with previous studies. SEM imaging revealed that
the analyzed material exhibited an irregular shape and a
polydisperse particle size distribution [24]. In this study,
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Figure 3. SEM image of (A) cellulose and (B) microcrystalline cellulose (MCC) of pineapple leaf fiber

the size of the MCC particles produced varied, ranging from
0.1 um to 3 pm. Based on the MCC particle size, it can be
concluded that the cellulose produced in this study includes
microcellulose crystals.

3.3. Characterizations of Morphology and Mechanical
Properties of MCC/HA/Collagen Composite Scaffold

3.3.1. Optical Microscopy

Figure 4 shows the surface morphology of the HA/collagen
scaffold composite obtained from optical microscope. The
figure confirmed that fibers have been formed. The
intertwined fiber pattern, indicating that the fiber-based
material has been formed. This structure can indicate that
the fabrication process of electrospinning has been
successful. Figure 4 is the composite scaffold (HA/collagen)
under 1000x microscope magnification, without a wire
collector (left) and with a wire collector (right).

3.3.2. Surface Morphology

SEM characterization of composite scaffolds using 10000x
magnification. Figure 5(A) shows the morphology of the
composite scaffold (HA/collagen). SEM observation results
show that after fabrication it appears that the resulting
composite scaffold has formed fibers. However, some parts
of the composite scaffold still appear to have beads, this
could be caused by the polymer being thrown off during the
electrospinning process. In this study, the fiber diameter of

the sample A scaffold (HA/collagen) produced varied,
ranging from 0.05 pm to 0.4 pm.

Figures 5(B), (C), (D), and (E) show the morphology and
fiber diameter size distribution of composite scaffolds
(MCC/HA/collagen) with MCC concentrations (0.5; 1.0; 1.5;
2.0)% w/v. The varying fiber diameters of samples B, C, D,
and E show that there is inhomogeneity in the morphology
of the scaffold in some parts, this can be caused by the
addition of cellulose with micro- and nano-sized particles.
Image processing and MCC particle size measurements
show that micro-sized cellulose is in the range of 0.11 to
3 pum, while nano-sized is in the range of 0.05 to 0.1 pm.

The results of SEM visualization show that all composite
scaffold samples have formed fibers with quite high
porosity. The interconnected porous structure in the
composite scaffolds provides space for tissue growth and
also facilitates cell motility [25].

Figure 4. Composite scaffolds (HA/collagen) without wire
collector (left) and with wire collector (right) under optical
microscope 1000x magnification
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Figure 5. SEM image of scaffold nanofiber (A) HA/collagen, (B) MCC(0.5%)/HA/collagen, (C) MCC(1%)/HA/collagen (D)
MCC(0.5%)/HA/collagen, and (E) MCC(0.5%)/HA/collagen
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3.3.3. Elemental Analysis

Table 3 showed the EDS results that consist of carbon (C),
oxygen (0), calcium (Ca), and phosphorous (P). The mass %
content of element C is 61.2%, element O is 35.8%, element
Cais 2.1%, and element P is 0.6%.

3.3.4. Tensile Test

The tensile test is used to obtain tensile strength and max
strain values for composite scaffolds with various variations
in MCC concentration. Figures 6 and 7 show that the
addition of MCC to composite scaffolds has a tendency to
result in a decrease in tensile strength values and an
increase in breaking strain (max strain). Sample A
(HA/collagen) is a scaffold without the addition of MCC and
has a tensile strength of 0.79 MPa. This value is higher than
composite scaffolds with the addition of MCC.

Scaffolds composed of MCC/HA/collagen composition have
a tensile strength value of less than 0.7 MPa. This could be
because the addition of PVA polymer with a concentration
of 10% w/v causes hydrogen bonds between molecules
which contribute to increasing the tensile strength of the
scaffold. The tensile strength and breaking strain values for
samples A, B, C, and D are significantly different. The
cellulose structure provides high strength and stiffness to
the scaffold, but the addition of 0.5% and 1% MCC results in
decreasing tensile strength values, as seen in Figure 6. This
could be because the addition of MCC has exceeded the
optimal limit so that the resulting scaffold is brittle (brittle,
brittle). This resulted in a decrease in the tensile strength
value of 11.91% and the addition of a higher MCC variation
was no longer optimal [26].

MCC increases the flexibility of the composite scaffold as
shown by the increase in strain at break in Figure 7. Sample
D is a composite scaffold with the highest MCC
concentration added, namely 1.5% and resulting in an
increase in strain value of 63.77%. The addition of cellulose

Tensile Strength (N/mm?)
©C 0o 0o o o o o o
(=] [ N w P wu (=2} ~
o o o o o o o (=]

Figure 6. Tensile strength of scaffold nanofiber
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Table 3. EDS characterization results of HA/collagen composite

scaffolds
Element Weight%
Carbon (C) 61.2
Oxygen (0) 35.8
Calcium (Ca) 2.1
Phosphor (P) 0.6

to the membrane can increase the maximum value of strain
that can be tolerated before failure occurs. This is because
cellulose is a natural fiber polymer that is flexible and
pliable, so it can increase the elasticity of the scaffold,
allowing it to stretch further before reaching the breaking
point. Apart from that, cellulose also functions as a
reinforcement in the material matrix, increasing the
strength and resistance of the membrane to stretching [9].
Cellulose acts as a structural component of the membrane,
allowing greater elongation before failure (reaching the
breaking point).

The stress-strain curve obtained from tensile strength
measurements is shown in Figure 8. Sample A shows an
initial linear elastic region that is quite steep compared to
the other three samples, indicating a fairly high modulus of
elasticity (Young's modulus). The entire sample also has a
non-linear region that represents plastic deformation,
where the sample shows a lower slope of the stress-strain
curve until the breaking stress is reached. The energy that
the membrane can absorb until it breaks can be determined
based on the modulus of resilience value. The calculation is
carried out by integrating the area under the stress-strain
curve. Figure 9 visualizes that the addition of MCC tends to
increase the modulus of resilience value of the resulting
composite scaffold. Sample D with the addition of the
highest MCC concentration (1.5%), shows a higher modulus
of resilience value compared to samples A, B, and C. Other
research results show that the polymer-hydroxyapatite
(pHA) composite has a higher strength value than pure
hydroxyapatite (HA) [25].
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Figure 7. Maximum strain of scaffold nanofiber
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4. CONCLUSION

Isolation of cellulose from pineapple leaf fiber waste and
fabrication of MCC/HA/collagen composite scaffolds using
the electrospinning method have been successfully carried
out. The XRD results show that the degree of MCC
crystallinity is 70.2% with an intensity value that increases
significantly at 21.7°. MCC as a polymer in composite
scaffolds tends to increase the strain value, as well as reduce
the fiber diameter and resulting porosity. The addition of
MCC has an impact on decreasing the tensile strength value
by 11.91% and increasing the strain value by 63.77%. Based
on this research, the physical and mechanical properties of
MCC/HA/collagen composites with a porous structure have
the potential to improve the performance of wound coating
membranes in clinical applications.
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