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Abstract. The use of hydrogel as a wound dressing material is currently being massively developed. In addition to functioning
to protect wounds, the use of hydrogel can also provide moisture in a measured manner and can be used as a drug delivery
medium. In this study, hydrogel based on CNF and glutaraldehyde crosslinking agent and addition of gelatin were developed
with various compositions 0.25; 0.5; 0.75 g to increase the ability of CNF and hydrogel to absorb water so that it is good to be
applied as a wound dressing. The composting of the three materials aims to obtain a hydrogel with good thermal and physical
properties. Based on physical character for a good ratio of swelling (666,62%) and degree of cross-linking (94%) on the
hydrogel with a composition variation of 0.5 g of CNF addition. For the thermal stability of hydrogel var 2, Tyax 591°C
provides better thermal stability than var 1 and var 3. The morphology of hydrogel shows very small and evenly
distributed pores on the surface which can absorb more water.
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INTRODUCTION

Damage to tissue on the skin caused by pressure
trauma, sharp or blunt objects, animal bites, radiation
explosions, contact with electrical chemicals, hot

have attracted rapidly evolving scientific and
technological interest from both academic and
industrial researchers [3].

Nanocellulose, CNC and CNF structure materials have

water, friction, and fire is usually referred to as a
wound. The wound that occurs must be treated
immediately correctly and appropriately. If there is
inflammation in the wound, it can result in infection of
the area around the wound if not treated immediately.
Some of the stages that need to be done in wound
management, one of which is using wound dressing

[1].

In recent years, the application of natural polymers in
biomedical materials has received widespread
attention, including drug administration, wound
dressings, tissue engineering scaffolding, etc. These
natural polymers exist in a variety of natural materials,
such as alginate, chitosan, collagen, starch, cellulose,
etc [2]. Among these, cellulose is a major component
in lignocellulose biomass and is the most abundant
natural polymer on earth. Over the past two decades,
cellulose nanomaterials, also known as nanocellulose,
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a higher specific surface area and a more uniform
particle size distribution so they tend to form more
mechanically stable self-assembled structures (e.g.
hydrogels) [4]. Recently, self-assembled CNC
hydrogels [5] and CNF [6] through a cross-linking
strategy are promising candidates for biomedical
applications, due to their outstanding mechanical

stability, controllable morphology, and high
biocompatibility and biodegradability [7]. CNC
(Cellulose Nanocrystal) and CNF (Cellulose

Nanofiber) are pure cellulose derivatives, in contrast to
CNC whose surface consists of crystals, the surface
area of CNF consists of crystals and is amorphous [8].
CNF has wide areas of application due to its interesting
properties, such as low weight, high aspect ratio, high
reinforcing potential, and large surface area. CNF can
also be applied in a variety of industrial areas or
applications, such as nanofiller for polymeric
nanocomposite, packaging and food packaging, paper
printing, antibacterial paper, and conductive paper [9].

The use of hydrogel as a wound dressing is currently
one of the interesting topics to develop. Hydrogels
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were first produced through crosslinking reactions and
chemical polymerization reactions. Hydrogel has the
purpose of being able to absorb and can even keep large
amounts of water with a three-dimensional network
structure consisting of natural synthesis materials.
Therefore hydrogels are in great demand, especially in
the field of biomedicine [10].

Hydrogel is a three-dimensional structured polymer
that can absorb water molecules. The unique property
of this polymer is that it can undergo swelling and de-
swelling through drying. Hydrogels made from natural
raw materials are superior to synthetic hydrogels
because they are biodegradable and renewable [11].
One of the raw materials for cheap and abundant
natural hydrogels in Indonesia is cellulose nano-fibers
derived from abaka banana stems which have been
cultivated in Indonesia [12].

Hydrogels can be formed through physical or chemical
cross-link from homopolymers or copolymers so that a
three-dimensional structure is formed. Crosslinking
can be formed by covalent or non-covalent
interactions. Covalently cross-link hydrogels are called
chemical gels while non-covalently they are called
physical gels. The way to physically form a crosslink
is by hydrophobic interaction, charge interaction, or by
forming hydrogen bonds. Charge interactions can
occur between polymers and small molecules or
between two different polymer charges [13].

CNF materials can be used as hydrogels through
various techniques, including chemical reactions,
reactions between functional groups, free radical
polymerization, and irradiation [ 14]. Many CNF-based
hydrogels have been developed for various biomedical
fields, for example, poly (vinyl alcohol) hydrogels with
nanocellulose fillers for ophthalmic applications:
general characteristics and optical properties [15],
CNF/poly(vinyl alcohol) hydrogels cross-linked by a
freezing/thawing method and borax [16], and Gelatin
hydrogel with CNF reinforcement and optimization as
3D printing for tissue repair applications [17].

Therefore, in this study, the combination of cross-
linked CNF with glutaraldehyde and reinforced with
gelatin control the mechanical properties of the
hydrogel and the swelling ratio in the form of a
composite as a hydrogel candidate. The composting of
the three is expected to produce a hydrogel with good
thermal and physical properties so that it can be used
as a wound dressing material.

METHODOLOGY
Materials

Raw abaca fiber was obtained from Peunaron district,
Aceh Timur — Indonesia. Gelatin, Glutaraldehyde, and
aquades, obtained from Sigma-Aldrich. All chemicals
were used without additional treatment.
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Table 1. The hydrogel
CNF/glutaraldehyde and gelatin

composition  of

Code CNF  Glutaraldehyde Gelatine
(® 2% (mL) (4]
Var 1 0.25 1 2
Var 2 0.5 1 2
Var 2 0.75 1 2

Synthesis of Hydrogel

Cellulose nanofibers were extracted from abaca
pseudo-stem fibers using acid hydrolysis processed
with a steam explosion and homogenization. The
preparation and characterization of CNF were based on
a previous study[18]. CNF based hydrogel was
prepared based with several variations of CNF, each
variation added gelatin 2 g and 2% glutaraldehyde
(GA) was added as much as 1 mL. then each variation
is also added with aquades as much as 50 mL. All
mixtures are stirred at a temperature of 70°C for 2
hours until homogeneous. Then the hydrogel that has
formed is poured on the mold and heated in an oven for
3 hours at a temperature of 50°C so that a hydrogel for
wound dressing is obtained. The same treatment was
performed for different CNF concentrations according
to the experimental design presented in Table-1.

Swelling degree

Swelling testing was carried out by soaking each
wound dressing variation of the same size, namely lcm
x lcm into aqueous as much as 10 ml using time
variations of 10 minutes, 30 minutes, 60 minutes, 90
minutes, and 120 minutes. During the testing process,
measurements of the weight of the sample are carried
out at any time. The weight gain of the sample is the
amount of aquades absorbed by wound dressing.

Degree of crosslink

The percentage value of the degree of crosslink can be
done by determining the percent degree of cross-link
where the dry weight of the resulting hydrogel is
weighed. Then the hydrogel is soaked with its solvent
(chloroform) for 24 hours. After soaking, the hydrogel
is put in the oven at a temperature of 60°C to dry for 3
hours. The dry weight of the hydrogel after immersion
is determined by weighing using an analytical balance
sheet.

Thermal and Morphological Analysis

The thermal stability of the material was determined by
thermogravimetric analysis using DTG-60 Shimadzu
in the temperature range of 30-600°C with a heating
rate of 10°C / min. The combustion process is carried
out under atmospheric conditions of nitrogen to
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(b)
Figure 1. Hydrogel synthesis after drying: a) Var 1, b) Var 2, dan c) Var 3.

Table 2. CNF/glutaraldehyde and gelatin-based Swelling Hydrogel Ratio.

(mf;?ll; 5) Weight (g) Swelling Ratio (%)
Var 1 Var 2 Var 3 Var 1 Var 2 Var 3
0 0.75 0.78 1.00 0 0 0
10 1.68 229 2.10 12341 19352405 110.33 £ 0.58
30 230 3.42 2.88 20639+034  338.19+0.24 187+ 1
60 3.83 478 3.59 4106204  512.61£053  258.67+0.58
90 4.17 5.46 417 455+ 1 601+ 1 316.67 + 0.58
120 423 5.98 4.67 465+ 1 666.62 + 0.4 369+ 1
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Figure 2. Swelling Hydrogel Ratio curves of CNF/Glutaraldehyde and Gelatin.

prevent the degradation process due to thermo-
oxidative. The residual period obtained at a RESULTS AND DISCUSSION
temperature of 600°C is expressed as ash content. The

fault surface morphology of the test specimen was  CNF/Glutaraldehyde-Gelatin-Based Hydrogel
determined using Scanning Electron Microscopy

(SEM) JEOL JSM-6510LA. The dimensions of the test Hydrogel . synthe51§ .carrle.d out acc.().rdlng to the
predetermined variations in composition produces

sample are 1 x Imm, to improve the fmage quality hydrogels as shown in Figure 1. In each CNF variation,
obtained the sample needs to be coated with gold to . .

. .. . 0.25, 0.5, and 0.75 g have different thicknesses.
improve the conductivity of the material.
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Swelling Degree of Hydrogel

The results of the swelling test in this study can be seen
in Table 1 and Figure 2 using time variations of 10
minutes, 30 minutes, 60 minutes, 90 minutes, and 120
minutes, it can be concluded that the addition of CNF
causes percent swelling to increase. This is because
CNF has a hydrophilic group [19] which triggers a
synergistic effect with other polymer groups that form
hydrogen bonds between molecular chains so that
water molecules easily penetrate the pores of the
hydrogel [20]. The hydrophilic group of other
polymers that affects percent swelling is increasing,
namely the amine group (NHz) in gelatin [21]. In the
addition of CNF 0.5 g the value of the swelling ratio
increases and decreases again the value of the swelling
ratio at the addition of 0.75 g CNF, it is likely that at
the addition of 0.5 g CNF, there is an optimum point in
var 2 hydrogel. So that in var 3 with the addition of an
excessive amount of CNF causes the swelling percent
to decrease. This demonstrates that the hydrogel
structure's density has increased such that the entry of
water molecules into the resulting hydrogel network is
prevented [22].

From the table and figure it is shown that the value of
the swelling ratio decreases when the added CNF
increases. As a result, the hydrogel's ability to absorb
the liquid medium will be affected. From the table, it
can be seen that there is a decrease in the ratio value of
cross-link hydrogels as the CNF is added.

Degree of Cross-link

Measurement of percent degree of cross-link by
soaking the hydrogel with chloroform solvent for 24
hours. Before soaking weighed the initial weight of the
dry hydrogel. After muffling it is dried in the oven and
weighed the final weight of the hydrogel is. After
drying, the weight of the maker is smaller than the
initial weight, there is a fraction dissolved in
chloroform which is likely not to occur crosstie in the
hydrogel. The dissolved fraction constitutes the entire
speciation that can dissolve in chloroform. A hydrogel
with a certain mass is immersed in chloroform until
equilibrium is obtained. A certain amount of the
missing hydrogel mass is expressed as a dissolved
fraction [23].

Testing the percentage degree of crosslinking of a
hydrogel is a measure for the formation of a hydrogel
which is characterized by the presence of tissues that
bind polymer chains so that it can be used for various
applications (e.g. cosmetic fields). The percentage of
crosslinking formation is closely related to the ability
or how much potential the hydrogel responds to certain
circumstances or conditions given by the environment,
for example in a water environment, the hydrogel is
inflated or dissolved [24]. This is to previous research
that biomedical hydrogels for facial mask applications
need to be examined for their ability to swell, cross-
link, irritate the skin and be antimicrobial [25]. This
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statement is supported by Saragih et al/ [18], MBA-
CNF hydrogel exhibits a swelling and crosslinking
degree of 3582 and 85%, indicating the capability of
the compounds to adsorb the water molecules due to
higher hydroxyl groups. As a comparison, chitosan-
CNF hydrogels exhibit a lower swelling degree of
137% but a higher crosslinking degree up to 90%, due
to the decrease in the number of functional groups that
formed a hydrogen bond. Besides, the percentage value
of the crosslinking degree correlates with its ability for
responding to the surrounding condition [26]

Based on table 3, it can be seen that var 2 the hydrogel
decreases its cross-linking degree with the addition of
CNF. The greater the amount of CNF used, the denser
and less elastic the hydrogel will be. The chemical
bond occurring in the var 2 the hydrogel has likely
occurred optimally in the addition of 0.5 gr CNF.

Based on the cross-binding degree data above, shows
that the CNF-based hydrogel cross-linking degree is
inversely proportional to the swelling ratio of the
hydrogel. The degree of cross-linking is high then the
water absorption in the hydrogel is low.

Thermal and Morphological Analysis of Hydrogel

Thermal analysis was performed to investigate the
degradation characteristics and thermal stability of
CNF-based hydrogel samples with the presence of
glutaraldehyde and gelatin crosslinking agents for
hydrogel mechanism controllers shown in Figure 3a)
and 3b) The thermal stability of CNF-based hydrogels
was determined by TGA/DTG analysis.

CNF/glutaraldehyde and gelatin-based hydrogels
undergo three stages of change during the heating
process in the TGA device shown in figure 3a). The
first stage is the process of releasing water molecules
(evaporation) in the temperature range of 30-110°C.
The evaporation process leads to a mass loss of 3-7%
of the initial mass. the second stage of change occurs
in the range of 110-355°C is a process of
dehydroxylation and devolatilization and undergoes a
mass reduction of 55%. This mass reduction can be
caused by the structural degradation of the CNF. The
carbonization and decomposition of organic
compounds is the third stage that occurs during the
thermal testing process in the range of 355-600°C and
experiences a mass reduction above 75% [27],[28]

Figure 3b) shows the existence of a decomposition
process of CNF/glutaraldehyde and gelatin-based
hydrogels there are 3 stages characterized by the
presence of three peaks on the DTG curve. Twmax in the
decomposition process of var 1 the hydrogel can be
seen at a temperature of 565 °C, var 2 at 591 °C, and
var 3 at 578 °C, this shows that var 2 the hydrogel
provides better thermal stability than var 1 and var 3.

The SEM micrograph generated in Figure 3c) from var
2 which is a various with good swelling shows a
slightly rough flat surface, indicating there are some
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particles indicating the presence of non-interacting
CNF. CNF/glutaraldehyde and  gelatin-based
hydrogels have very small, evenly surfaced fine pore
pores that can absorb more water. This can be seen
from the highest percentage of CNF/glutaraldehyde
and gelatin-based hydrogel swelling ratios reaching
666.62%.

Surface analysis with SEM can provide an overview of
the surface topology of the hydrogel. The ability of a
hydrogel to absorb water is related to the presence of a
porous space in the hydrogel [29]. In general, in
addition to the gel surface, porous space is also
contained in the body (bulk) of tissue polymers. The
porous space allows the process of diffusion of water
into the polymer network as free water and enters first
through capillary forces, then interacts with the
functional groups in the polymer network to form
intermediate water and bound water. Bonded water is
water that binds hydrogen to polymeric tissues and
exhibits high mobility within polymeric tissues [30].

CONCLUSION

The combination of CNF/glutaraldehyde with gelatin
in composite form is effective for improving the
swelling ability of hydrogels. In this study, the
variation of CNF 0.5 gr is a hydrogel that has good
thermal stability at a temperature of 591 °C and has
smooth and even pores on the surface that can absorb
more water so that it has the highest swelling, which
reaches 666.62%.
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