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Abstract

This study aimed to examine the laboratory-based preparation of chitosan-gelatin bio-composite with the addition of glycerol as an addi-
tive to improve its quality which could be further applied for primary wound dressing. The method consisted of three stages; the first was
the preparation of raw materials, the second was the preparation of the bio-composites, and the last was the characterization. In this
study,chitosan 90.2% DD and gelatine (dissolved in 1% acetic acid) were blended at volume ratios v/v (30:70), and glycerol was added
into blended at five different volume 20, 25, 30, 35, 40, 45 (mL) respectively. The biocomposites is then shaped in a glass mold, allowed
to at room temperature for 24 hours, and dried in oven at 50°C for 48 hours. The chitosan-gelatin-glycerol bio-composites was smooth,
flexible, transparent thin sheet and non-porous. The optimum thickness (4.01 mm) was obtained from a bio-composite with chitosan-
gelatin-glycerol ratio of 30:70:45. The same composition rasio was found to have the liquid absorbance reaching 140.34%. The bio-
composite with a chitosan-gelatin-glycerol ratio of 30:70:45 also had the highest swelling ability in saline (168.06%). The functional
group analysis using Fourier Transform Infrared (FT-IR) spectroscopy revealed the possession of hydroxyl (O-H) and carbonyl (C-O)
functional groups suggesting its good biodegradability and environmentally friendly properties. Taken altogether, the results imply the
wound dressing bio-composite is hydrophilic. Based on the results of characteristic testing, it is shown that the chitosan-gelatin-glycerol
biocomposite has the potential to be applied as a primary wound dressing, which is ideal for wound healing and protection.
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1. Introduction

Skin is the largest organ of the body that is composed of different types of connective tissue, nerves, muscles and epidermis. It has many
functions and is responsible for providing sensation, thermoregulation, biochemistry, immunity, protection and maintaining fluid balance.
Injuries could be defined as a damage or disorder in anatomical structures and organ functions (such as those occur on skin, subcutaneous
tissue, muscles, tendons, nerves, blood vessels, and even bones) [1] [2]. Open wounds cause a susceptibility against infections, especially
bacterial infections, by becoming an entry point for systemic infections. Infected wounds have slower recovery and often lead to the
formation of exudates and toxins as the result of cell death. Hence, it is important to stimulate healing and restoring the normal function
of the injured body parts to prevent the onset of infection and to relieve the discomfort and pain [3].

Wound healing could carried out by covering the injured part of the skin with a wound dressing. A pad that has the ability to stimulate
the healing process could be used for wound dressing. A wound dressing pad should be able to create a humid atmosphere, control excess
exudate, and maintain the condition of the body to be stable, and cannot be passed through by microorganisms [4]. Chitosan is a natural
ingerdient possessing an anti-microbial properties which could be used for wound dressing. Commonly, chitosan is made from waste of
shrimp, crab, and so on causing its abundant availability [5]-[7]. Chitosan is obtained by N-deacetilation from chitin and consists of
glucosamine and N-acetylglukosamine. Chitosan has been widely developed studied for a variety of applications due to biocompatibility,
biodegradability, mucoadhesive, and derivatives of abundant and inexpensive biomass. Chitosan also has antimicrobial activity, wound
healing properties and hemostatic activity which makes chitosan-based composites particularly useful in the biomedical field [8]. For
wound healing purpose, chitosan has been prepared with glycerin addition and loaded with anti-bacterial drugs (tetracycline
hydrochloride and silver sulfadiazine) through solvent evaporation methods [9]. The foregoing study reported a promising potential of
chitosan-based bio-composite for the treatment of bacterial infections during wound healing [10] [11].

Gelatin is a natural polymer that has been approved by the FDA (Food and Drug Administration) for its distribution. Gelatin is collagen
that is partially hydrolyzed and has biodegradable, non-toxic, biocompatible properties, cheap and easy to obtain, leading to its wide
spectrum of usages, especially in the food and medical industries [12] [13]. As a wound dressing material, gelatin contains peptides
contributing to introduce integrin receptors in cells, which are essential for cell adhesion. In addition, gelatin tends to form nanofiber

Copyright © Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/
mailto:meriatna@unimal.ac.id

International Journal of Engineering, Science & Information Technology, 2 (1), 2022, pp. 64-69 65

structures that are essential for skin regeneration [14]. Gelatin is a natural ingredient that contains high amino acids and is able to form a
unique binding action, so that it is able to form hydrogels. Gelatin hydrogels have gained a lot of interest in tissue engineering due to
their non-immunogenic properties [15] [16] [17].

Glycerol is a hydrogenated alcohol, with another name being glycerin or 1,2,3-propanetriol. The physical properties of glycerol are
colorless, odorless, sweet taste, and liquid. It has melting point of 17.8°C and boiling point of 290°C, which can be dissolved in water or
ethanol. Glycerol is hygroscopic (absorbing water from the air), allowing it to use as moisturizer in cosmetics. Glycerol is present in the
form of esters (glycerides) in all animals and vegetable fats and oils. Glycerol is a type of plasticizer that is hydrophilic, which could add
polar properties and higher solubility in water [18]. Herein, gelatin was combined with chitosan and glycerol to obtain a bio-composite
with excellent characteristics, which could be applied for primary wound dressings [19].

2. Literature Review

2.1 Chitosan

Chitosan is a polymer of 2-acetamido-2-deoxy-D-glucose. To distinguish the polymer chitin and chitosan based on nitrogen content.
Chitin polymer have nitrogen content less than 7% and chitosan have nitrogen content more than 7%. In the chitin and chitosan are com-
punds that are not limited by exact stoichiometry. The use of chitosan is very widely used as a food preservative (the replacement of
formalin and borax), waste treatment, slimming medicine, cosmetic, ect. Chitosan is an active group that will be associated with mi-
crobes so that chitosan is also able to slow down the addition of microbes [20].

2.2 Gelatin

Gelatin is a protein obtained by partial hydrolysis of collagen from the skin, white connective tissue and bones of animals. Gelatin ab-
sorbs 5-10 times its weight in water. Gelatin dissolves in hot water and when cooled will form a gel. Gelatin has distinctive properties,
namely changing reversibly from a sol (colloid) form to a gel form, swells in cold water, can form a film and affect the viscosity of a
material. The use of gelatin is very broad, especially in the food and non-food industries. Gelatin also has many functions and is very
applicable to its use in the food and non-food industries. The use of gelatin in the food industry for example, jelly products, in the meat
and dairy industry and in low fat food supplement products. In the non-food industry, gelatin is used for example in the photo film indus-
try [21].

2.3 Glycerol

Glycerol is a sugar alcohol so it has a sweet taste that contains three hydroxyl groups and has one —OH group, which causes glycerol to
dissolve in water. Glycerol is an important part of triglycerides (fats and oils). Coconut oil contains glycerol about 13.5% while in other
oils it contains glycerol around 9% - 12%. Glycerol is a colorless and odorless viscous liquid. In addition, glycerol is a by-product of
biodiesel production through the transesterification reaction of vegetable oils [22].

2.4 Wound Dressing

Wound dressings are commonly used to speed up various stages of wound healing and can create better conditions for healing. The
wound dressing selected must have criteria including being able to regulate wound moisture, assist wound healing (not damage skin
tissue), help air circulation from wound tissue and the surrounding environment, easy to apply and remove after use and must be sterile,
non-toxic and non-toxic. allergy [23].

3. Method

Apparatus used in this research were oven, magnetic stirrer, hot plate, glass mold, measuring glass, spatula, analytical balance sheet,
funnel, Beaker glass, Erlenmeyer, screw micrometer, and a set of spectrophotometer tools. The materials used were chitosan, gelatin,
glycerol, distilled water, acetic acid 1%, potassium bromide, sodium chloride, and phosphate buffered saline. This research consisted of
three stages, namely the preparation of raw materials, the bio-composite fabrication, and the characterization (Figure 1).

Gelatin solution in acetic acid 1% Chitosan solution in acetic acid 1%
Glycerol (10,15,20,25.30,35) gr —D‘ Chitozan zolution and gelatin solution (30:70) ‘

!

‘ Chitosan/gelatin mixture (30-70) homogenized ‘

!

Hemog mixture of bi p
litosan/'gelatin/gliserol

!

Biocomposites are printed, left for 24 hours, then dried in the oven at 50°C for 48 hours

!

‘ Biocomposites ready to be tested ‘

! ! ' !

Swelling Absorbance Thickness Function Group
Analysis analysis analysis Analyzis

Fig 1. Flow-chart depicting the preparation of chitosan-gelatin-glycerol biocomposite
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Firstly, chitosan (2 g) and gelatin (2 g) were dissolved in 100 mL acetic acid 1% using a magnetic stirrer until homogenous. Secondly, a
solution of chitosan and gelatin were mixed with a composition of 30:70 (v/v), followed by an addition of glycerol ranged from 20 to 45
g. Afterward, the mixture was homogenized using magnetic stirrer. The casting solution was then poured onto a glass mold (7 x 7 cm?)
so that the thickness obtained was 7 mm. Thereafter, the solution was left at room temperature for 24 hours to obtain a solid
biocomposite. It was then ovendried for 48 hours at 55°C.

In the third stage, the prepared bio-composites were characterized for their thickness, liquid absorbance, swelling, and functional groups.
The thickness was carried out using screw micrometers and followed by a calculation using Equation 1.

Thickness = Su + (Sn x 0,01) 1)
Where,

Su = Main scale (mm)

Sn = Nonius scale (mm)

The absorbance was calculated with Equation 2.

ra—wrd
% Absorbance = ———— x 100 % )
wWs

Where,

Ws = membrane weight after being immersed in a PBS solution
W4 = membrane weight before being immersed in a PBS solution.
As for the swelling, it was calculated using Equation 3.

STWe v 100 % ©)

. W
% Swelling =

Where :

Ws = Membrane weight after being immersed in NaCl

W4 = Membrane weight before being immersed in NaCl
To identify the functional group, sample was made in a shape of a thin film with a size of 1 x 1 cm?. The sample was inserted into the
tube of the Fourier Transform Infrared (FT-IR) device with observation wavenumber ranged from 4000 to 500 cm™.

waa

4. Results and Discussions

Thickness tests were performed to determine the effect of glycerol addition on the mixture of chitosan and gelatin. It was carried out
using a screw micrometer with an accuracy scale reaching 0.01 mm. For this purpose, the samples were measured from 3 different sides.
The effect of the composition on the material thickness could be observed in Figure 2.
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Fig 2. Effect of chitosan-gelatin-glycerol ratio against the bio-composite thickness.

It shows that the higher glycerol loading in the chitosan and gelatin mixture (30:70) resulted in thicker bio-composite. It is due to the fact
that glycerol is viscous liquid which is easy to bind with water and consequently increase the viscosity of the solution [24]. If the mixture
of wound dressings is getting thicker, then the composition is more solid / denser so that the thickness will increase. Based on Figure 2,
the highest thickness was 4.01 mm obtained from a bio-composite with chitosan-gelatin-glycerol ratio of 30:70:45.

4.1 Liquid Absorbance

Liquid absorbance test aimed to investigate the absorption capability of chitosan-gelatin-glycerol bio-composite. The liquid used in the
absorbance test was Phosphate Buffer Saline (PBS) solution with a pH of 7.3 for 12 hours. The bio-composite was weighed before and
after the immersion into a PBS solution, which was prepared by dissolving PBS tablet in 100 mL distilled water. The effect of the com-
position on on the % absorbance has been presented in Figure 3.
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Fig 3. Effect of chitosan-gelatine-glycerol ratio against the absorbance of the bio-composite

It shows that the % absorbance increased alowng with an increase on glycerol addition. It is stem from the fact that gelatin has hydro-
philic properties that could absorb water up to 5 times than its original weight [25]. Gelatin is a hydrochloroid that is hydrogel, pos-
sessing enough water permeability to control the release and absorption of exudate during the wound treatment. In addition, the more
glycerol increases, the bubbles on the surface of the bio-composite were found less, allowing enlarged bubly cavity. This finding also
suggests the prepared biocomposite potential in wound dressing which could provide moist conditions around the wound and capable of
absorbing fluids from the wound. Based on Figure 3, the highest absorbance (150.34%) was obtained from the bio-composite with chi-
tosan-gelatin-glycerol ratio of 30:70:45.

4.2 Swelling Profile
Analysis of % swelling was conducted to investigate the amount of fluid absorbed leading to the expanded size of the material. The value

was obtained by calculating the dry weight of the biocomposite prior to the immersion into NaCl liquid and its wet weight after 4-hours
immersion. The effect of the glycerol addition to the % swelling of the material could be observed in Figure 4.
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Fig 4. Effect of chitosan-gelatin-glycerol ratio against the swelling percentage of the biocomposite

The results revealed glycerol addition increased the % swelling of the bio-composite in concentration manner. It is ascribed to the
reduction of chitosan’s hydrophobicity and water insolubility upon glycerol addition. Furthermore, higher glycerol loading resulted in
less bubles on the bio-composite surface along with enlarged buble cavity. Hydrophilicity of the glycerol is also responsible for this
phenomenon. Reduced number of bubbles and increased bubble cavities cause the surface of the film to get smoother [26]. Based on
Figure 4, bio-composite with chitosan-gelatin-glycerol ratio of 30:70:45 yielded the highest swelling percentage of 168.06%.

4.3 Functional Groups

Functional group analysis carried out in FT-IR spectrometer aimed to identify the consisting compounds, especially organic compounds
both qualitatively and quantitatively. The analysis was done by preparing the sample into a thin and clear film sized 1x1 cm2. Thereafter,
the sample was inserted into the tube of the FT-IR device to allow the functional group reading at 4000 to 500 cm wavenumber [27].
The spectral analysis was done by observing the shape of the absorbance bands, where specific peaks could be assigned to certain funci-
tonal group in a compound. FT-IR spectra of the bio-composite samples have been presented in Figure 5.
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Fig 5. FT-IR spectra of the prepared bio-composites

The results revealed the presence of O-H group at 3287 cm™, C-H (alkane) at 2940 cm™and 1417 cm™, C=C (alkene) at 1646 cm™, C-N
(amine) at 1109 cm, C-O at 1036 cm, and C-H functional groups at a range from 659 to 993 cm™. The identification of the prepared
bio-composite with different glycerol content indicates the absence of new functional group. The presence of O-H and the C-O functional
groups further suggests the hydrophilicity tendency of the bio-composite along with its biodegradable and eco-friendly properties.

5. Conclusions

Highest Values Of Thickness (4.01 Mm), Liquid Absorbance (150.34%), And Swelling Degree (168.06%) Were Obtained From
Chitosan-Gelatin-Glycerol Bio-Composite With A Ratio Of 30:70:45. Hydroxyl And Carbonyl Functional Groups Were Identified
Within The Bio-Composite Suggesting Its High Biodegradability And Eco-Friendly Properties. Collectively, The Bio-Composite Could
Be Concluded To Possess High Hydrophilicity
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