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ABSTRACT

The purpose of this study was to determine the impact of the addition of collagen concentration on
morphology of PVA/chitosan nanofiber. The research was conducted by making 10% PVA solution,
2% chitosan solution, and collagen solutions with various concentrations of 2%, 4%, and 8%. The
PV A/chitosan/collagen nanofibers were made with ratios of 8:2:2, 8:2:4, and 8:2:8 and were named
P8/Ch2/C2, P8/Ch2/C4, and P8/Ch2/C8. As a control was PVA/chitosan with a ratio of 8:2, which was
named P8/Ch2/C0. The nanofiber was made by electrospinning method with the following parameters:
a voltage of 10 kV, a distance from the spinneret tip to the collector of 10 cm, and a flow rate of 1.00
pl/h. Nanofiber characterization was carried out using FTIR and SEM. SEM images were analyzed
using ImageJ and Origin to measure the diameter and length of the fibers. It obtained that, the best ratio
of PVA/chitosan/collagen to make a good nanofiber is 8:2:2, with the characteristics are the least
number of beads and solution droplets, the most continuous fiber, and the average diameter is
145.55+8.64 nm. This result showed that, the addition of collagen can improve the morphology of
PV A/chitosan nanofibers, where the characteristics of fibers made depending on the concentration of
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Introduction

Nanotechnology is a knowledge that deals
with material manipulation on the nanometer
scale (in the unit of 10° m).! Indonesia is a
country that has a very high biodiversity, so it
is called a mega-biodiversity country.? With a
very high biodiversity, Indonesia has great
potential in developing nanotechnology. One
of the nano technology applications currently
being developed in Indonesia is nanofiber.

Nanofiber is a fiber that has a diameter of
less than 500 nm.2 Nanofiber from a polymer
is made and studied by many researchers,
generally because of its characteristics, such
as a large surface area, small pore size and can
be formed in a three-dimensional structure so
that it has the potential as a filtration medium,
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optical fiber, drug delivery system (DDS)),
protective clothing/textiles,* and as wound
dressing.® One of the most widely used

biopolymer  material for  biomedical
application is chitosan.®
Chitosan is a material obtained from

deacetylation (the process of removing the
acetyl group by adding an alkaline solution) of
chitin.” Chitosan has been widely used in the
medical field. The antibacterial characteristic
of chitosan has been widely reported, one of
which is used as a wound dressing because of
its ability to accelerate wound healing,® but
chitosan has poor characteristic of water
absorption. Absorption of too much water
causes the antibacterial characteristic of
chitosan to not durable because the absorbed
water will become a medium for microbes to
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multiply rapidly. One of the organic material
that can improve the water absorption
characteristic of chitosan is collagen.®

Collagen is one type of protein that has a
fiber-shaped structure.? In the biomedical
field, collagen plays a very important role at
every stage of the wound healing process.
Chitosan modified with collagen is not only
effective as an antibacterial but is also used as
a wound dressing. This is because the number
of fibroblast formations continues to increase
with the addition of collagen so that new
tissue in the injured area will be formed more
quickly.®

Research on chitosan modified with
collagen has been carried out. One of the
studies conducted by Ratnawati, et al. (2013)
has accomplished research on the effect of
variations in  the  composition  of
collagen/chitosan on the physical and
mechanical properties of membranes for the
application of wound dressing.!° It was found
that the wvariation in the composition of
collagen/chitosan was able to increase the
thickness of the membrane from 0.047+0.03
mm to 0.243+0.24 mm and made the pores of
the membrane tighter.

In terms of the application of PVA/chitosan
nanofiber as a wound dressing, it is important
to conduct research about the improvement of
the morphology of PVA/chitosan nanofiber.
Based on this problem, this study reported the
effect of collagen concentration on the
morphology of PVA/chitosan nanofiber so
that it is expected to produce better nanofiber
with the addition of collagen to be further
developed as a wound dressing.

Methods

a. Preparation of Nanofiber Solution

The materials used in this study included
chitosan powder derived from Windu shrimp
shells, 2% acetic acid, PVA, collagen powder
derived from fish, and demineralized water
(aqua DM). A 10% PVA solution was
prepared by dissolving 10 g of PVA in 100 mL
aqua DM. A 2% chitosan solution was
prepared by dissolving 2 g of chitosan in 100
mL of 2% acetic acid. A 2% collagen solution
was prepared by dissolving 0.2 g of collagen

Copyrigh © 2023, Jurnal Neutrino:Jurnal Fisika dan Aplikasinya,

in 10 mL of 0.5 M acetic acid. In the same
way, collagen solutions with concentration of
4% and 8% were prepared. Furthermore, it
made mixed solutions of PVA:chitosan:
collagen with ratio of 8:2:2, 8:2:4, and 8:2:8,
which were named P8/Ch2/C2, P8/Ch2/C4,
and P8/Ch2/C8 respectively. Also, it made a
mixed solution of PVA:chitosan with a ratio
of 8:2 named P8/Ch2/CO0; it was used as a
control.

b. Electrospinning of Nanofiber

The nanofibers made by electrospinning
method with the following parameters: a
voltage of 10 kV, a distance from the spinneret
tip to the collector of 10 cm, a relative
humidity (RH) of 63.4%, and a flow rate of
1.00 pl/h. The electrospinning process was
carried out at room temperature for 3 hours
until a layer of nanofiber was formed. In the
same way, P8/Ch2/C0, P8/Ch2/C4, and
P8/Ch2/C8 nanofibers made.

¢. Nanofiber Characterization using FTIR

The nanofibers made were further
characterized using FTIR spectrophotometer,
that aims to determine the functional groups
contained in the nanofiber. Each nanofiber
was cut to a size of £1 cm? and scanning was
carried out in the wave numbers region of
400-4000 cm'™,

d. Nanofiber Characterization using SEM

The characterization of nanofibers using
SEM aims to determine the diameter and
length of the fibers, also to observe the
presence of beads and solution droplets in the
fibers formed. The obtained nanofibers were
cut to a size of 1 cm? From the SEM
characterization  obtained morphological
images to be analyzed for the presence of
beads and solution droplets. Also with the
help of ImageJ and Origin applications, it can
measured the diameter and length of the
fibers.

Result and Discussion

The PVAJ/chitosan/collagen nanofibers
made namely P8/Ch2/C0, P8/Ch2/C2,
P8/Ch2/C4, and P8/Ch2/C8, are shown in
Figure 1. Figure 1 shows that with the addition
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of collagen, the nanofibers appear more
transparent starting from Figure 1a to 1d. This
is due to the higher concentration of collagen
can cause some of the solution to evaporate
before it can finally form fibers, so that the
fibers accumulated decreased.'* This is what
causes P8/Ch2/C8 nanofibers to see more
transparent than other nanofibers.

Figure 1. The figures of nanofibers made, a)
P8/Ch2/CO0, b) P8/Ch2/C2, c) P8/Ch2/C4,
and d) P8/Ch2/Cs8.

Characterization using FTIR aimed to
determine the functional groups of the
nanofibers have been made. The FTIR spectra
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of the nanofibers are presented in Figure 2.
Figure 2 shows that the spectra of nanofibers
have a similar pattern and different percentage
of transmittance. For the purpose of labeling,
the spectra of P8/Ch2/C0O and P8/Ch2/C2 in
Figure 2 are redrawn as shown in Figure 3.
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Figure 2. The FTIR spectra of the
nanofibers: P8/Ch2/C0, P8/Ch2/C2,
P8/Ch2/C4, and P8/Ch2/C8.
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Figure 3. FTIR Spectrum of nanofibers a) P8/Ch2/C0 and b) P8/Ch2/C2.

Figure 3a shows that there is a broad band
at 3306-3395 cm™ which is known as the O-H
group of intramolecular and intermolecular
hydrogen bonds.*? Around this area is also
observed a band which is known as N-H
stretching group. The band is not clearly
observed, this is due to the wide -OH region so
that the N-H stretch group is covered.*®*® The
C-H stretch group is observed at around
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2931.93 cm? and a small peak at around
2229.81 cm™ which assigned as C=0 bond.*?
Also it observed C=0O stretch at around
1727.33 cm, C-O group at around 1093.69
cm™,*2 the CH2 group at around 1430.28 cm"
114 Amide 1, 11, and 111 groups are observed at
around 1648.24, 1572.05 and 1256.68 cm™,
respectively.®®

Figure 3b shows a new peak at around
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3736.28 cm indicate the N-H stretch group?®
which is shifted due to the addition of
collagen.'’ It is also observed the -OH group
band widened with the addition of collagen at
3243-3472 cm™*,2 The width of the -OH peak
indicates the presence of hydrogen bond forms
between PVA, chitosan, and collagen.'®
Meanwhile, the C=0 bond is not observed in
the spectrum. The C=0 group is observed at
around 1730.22 cm, and the C-O group at

around 1095.61 cm™,'> The CH; functional
group is observed at around 1433.17 cm™,
Amide I, 11, and 111 groups are observed with
sharper peaks with the addition of collagen at
around 1654.03, 1563.37, and 1256.68 cm™,
respectively.’® The results of the analysis for
all nanofibers made are written in full in Table
1.

Table 1. The functional groups which observed in P8/Ch2/C0, P8/Ch2/C2, P8/Ch2/C4, and

P8/Ch2/C8 nanofibers.
) *wavenumber  pg/ch2/Co P8/Ch2/C2 P8/Ch2/C4 P8/Ch2/C8
Functional 1) from
Group references At T At T At T At T
(cm™) (cm™) (%) (cm?) (%) (cm™?) (%) (cm™) (%)
“OH. 3000-3750  3306-3395 14.32 3243-3472 3.62 3171-3491 522 3233-3450 2.17
N-H stretch
C-H stretch  2850-3000  2931.93 25.14 2939.64 9.74 2939.64 7.86 2936.75 6.91

Cc=0 2100-2250
C=0 1600-1800

2229.81 62.83
1727.33 33.91

C-O 1000-1300  1093.69 33.38
CH: 1400-1475  1430.28 38.94
Amide | 1600-1690  1648.24 56.32
Amide Il 1480-1575  1572.05 60.52
Amide Il 1229-1301  1256.68 33.61

1730.22 13.47 1730.22 9.80
1095.61 9.61
1433.17 1568 143221 11.03

1654.038  38.57 1655 24.52
1563.37  48.75 1559.51 33.75

1256.68 10.14 1255.71 7.75

1729.26 13.77
1093.69 11.38
143221 16.26

1095.61 8.02

1653.07 27.08
1554.69 37.09

1252.82 10.92

T = Transmittance.*1%141516

From Table 1, it can be seen that the
wavenumber of -OH and N-H stretch in the
P8/Ch2/C2 and P8/Ch2/C4 nanofibers shifted
to larger wavenumber, while in the P8/Ch2/C8
nanofiber shifted to smaller wavenumber. The
C-H stretch groups on P8/Ch2/C2, P8/Ch2/C4,
and P8/Ch2/C8 showed to shift to larger
wavenumber. The amide | group on
P8/Ch2/C2, P8/Ch2/C4, and P8/Ch2/C8 also
showed to shift to larger wavenumber.
Meanwhile, the wavenumber of Amide Il
group on P8/Ch2/C2, P8/Ch2/C4, and
P8/Ch2/C8 showed to shift to smaller region.
This shifting indicates an interaction between
those functional groups in PVA, chitosan, and
collagen.® While the wavenumber of C-O,
C=0, CHz, and Amide IIl groups in
P8/Ch2/C2, P8/Ch2/C4, and P8/Ch2/C8
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nanofibers did not shift. Table 1 also shows
that the -OH stretch, N-H stretch, C-H stretch,
C-O, C=0, CHz, Amide I, Amide II, and
Amide 11l groups in P8/Ch2/C2, P8/Ch2/C4,
and P8/Ch2/C8 decreased in transmittance,
which indicates the increasing absorption of
these functional groups.?

Characterization using SEM aimed to
characterize morphology of the fibers formed,
including continuity, beads, and the average
diameter. The results of the characterization
using SEM as shown in Figure 4.

Figure 4 shows that P8/Ch2/C2 nanofiber
has the best morphology compared to other
nanofibers, where the number of beads and
solution droplets observed were small. Beads
and solution droplets were mostly observed in
P8/Ch2/C0 nanofiber (control). This is due to
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the presence of an electric field and surface
tension which causes the polymer chain to
break into small fragments before reaching the
collector, thus becoming a factor in the
formation of beads.? Thus, the addition of 2%
collagen has been able to improve the
morphology of P8/Ch2/CO nanofiber, where

the addition of collagen causes an increase in
chain attachment in solution so that can
maintain the continuity of the flow of solution
during the electrospinning process and can
produce nanofiber with a small number of
beads.?

Figure 4. The results of the characterization with SEM of a) P8/Ch2/C0, b) P8/Ch2/C2, c)
P8/Ch2/C4, and d) P8/Ch2/C8 nanofibers.

In P8/Ch2/C4 and P8/Ch2/C8 nanofibers,
more beads were observed than P8/Ch2/C2
nanofiber. In addition, a lot of solution
droplets were observed in the two nanofibers.
In Figure 4, it can be seen that the higher the
concentration of collagen, the bigger number
of beads. The addition of 4% and 8% collagen
caused the concentration of the solution to
approach the maximum limit, thus affecting
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the results of the nanofibers formed.?

Figure 4 measured the average diameter of
the fibers using the ImageJ application. Then
the fiber diameter data obtained were plotted
into a distribution graph using the Origin
application, as shown in Figure 5. The
average diameter (dc) of each nanofiber is
presented in Table 2.
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Figure 5. The distribution graph of diameter of the nanofibers a) P8/Ch2/C0, b) P8/Ch2/C2, c)
P8/Ch2/C4, and d) P8/Ch2/C8 (Frequency shows the display number of diameter observed
within a given range of diameter)??

Table 2. The average diameter of P8/Ch2/C0,
P8/Ch2/C2, P8/Ch2/C4, and P8/Ch2/C8
nanofibers.

The average of

No. Nanofiber diameter
(nm)

1  P8/Ch2/C0O 139.83+1.32

2 P8/Ch2/C2 145.55+8.64

3 P8/Ch2/C4 218.58+6.64

4  P8/Ch2/C8 234.43+8.94

Table 2 shows that the addition of collagen
causes an increase in diameter of the
P8/Ch2/C0 nanofiber. However, the diameter
of the nanofibers made were still in the range
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of diameter of the nanofibers made for wound
dressing, which are in the range of 50 to 300
nm.2 It also appeared that P8/Ch2/C2
nanofiber has the smallest average diameter
compared to 2  other  nanofibers
PV A/chitosan/collagen.

From Figure 4, it has also measured the
continuity of the nanofibers. The
measurement of the continuity has done by
measuring the length of each nanofiber using
the ImageJ application. The data obtained is
graphed with a distribution graph using the
Origin application as shown in Figure 6. The
average length (Ic) of each nanofiber were
presented in Table 3.
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Figure 6. The distribution graph of the length of the nanofibers of a) P8/Ch/2/C0, b)
P8/Ch/2/C2, ¢) P8/Ch2/C4, and d) P8/Ch/2/C8 (Frequency shows the display number of length
observed within a given range of length)?

Table 3. The average length of P8/Ch2/CO0,
P8/Ch2/C2, P8/Ch2/C4, and P8/Ch2/C8
nanofibers.

No. Nanofibers The average of length

(Lm)
1 P8/Ch2/CO 1.69+0.66
2 P8/Ch2/C2 24.19+1.03
3 P8/Ch2/C4 17.3620.67
4 P8/Ch2/C8 13.39+0.72

Table 3 shows that the addition of collagen
causes an increase in the length of the
nanofibers. This indicates that collagen is able
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to increase the continuity of P8/Ch2/CO
nanofiber. In addition, from Table 3 itis found
that P8/Ch2/C2 nanofiber has the highest
average length of the nanofiber made
compared to other nanofibers, which means it
has the highest continuity.

Conclusion

In this study, the effect of the concentration
of collagen on the morphology of
PVA/chitosan nanofiber has been
accomplished. The best ratio of PVA/chito-
san/collagen to make a good nanofiber is
8:2:2, with the nanofiber morphology are the
least number of beads and solution droplets,
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the most continuous fiber, and the average
diameter of 145.55+8.64 nm. This result
showed that, the addition of collagen can
improve the morphology of PVA/chitosan
nanofibers, where the characteristics of fibers
made depending on the concentration of
collagen added.
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