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Introduction
Chitosan is a biopolymer produced by deacetylation of chitin 

which is mainly obtained from crustacean shells [1]. It is a polycationic 
polymer soluble in diluted acidic solutions due to the protonation of the 
amino groups. The biocompatibility, biodegradability and non-toxicity 
characteristics of this polysaccharide allow its use in pharmaceutical, 
cosmetics and food industries. The manufacture of edible films or 
food packaging materials based on chitosan has been widely studied at 
laboratory level [2,3].

The use of chitosan for dermal applications in the treatment of 
skin injuries has been recently explored. It is an excellent candidate 
for this application because it has antimicrobial and anti-inflammatory 
properties [4,5]. 

Chitosan provides a non-protein matrix with a 3D tissue growth 
capability for tissue engineering. Applied as a film or gel, it promotes 
dermal regeneration producing a faster healing. The biological 
mechanism involved in this process has been already explained [6-8]. 

Chitosan dissolved in acid solutions presents filmogenic properties, 
allowing the preparation of films by a casting-solvent evaporation 
process.

Lactic acid has been used as the solvent for dissolving chitosan 
in powder as it also improves film flexibility [9]. This organic acid is 
accurate to prepare bio-adhesive films useful for dermal applications 
because it is biological safe, is a natural constituent of the human body 
and is proven to be non-irritant to the skin of rabbits [10]. A biomaterial 
suitable to cover the skin injuries must have specific characteristics 
regarding the permeability of gases, the capacity of absorbing the 
exudate, adequate mechanical properties and the possibility of loading 
with pharmaceutical drugs.

Permeability to gases, such as water vapor, is a very important 
characteristic when a film is evaluated for dermal applications. Lactic 
acid has been used in the preparation of films in order to obtain high 
water vapor permeability [11].

In this research, we have selected glycerol because of its high boiling 
point and the high hydrogen bond ability that leads to a good interaction 

with chitosan macromolecules assuring its retention in the polymer 
matrix [12]. Plasticized chitosan films with glycerol are frequently used 
for the production of hydrocolloid based edible films [13,14]. This 
polyol, which is a byproduct in biodiesel production, has an adequate 
plasticization efficiency and stability compared to other common 
plasticizers such as poly (ethylene glycol) or propylene glycol [15]. In 
particular, glycerol is adequate for biomedical applications because of 
its highly efficient hydrating and moisturizing effect on skin [16].

The polycationic properties of chitosan provide the possibility of 
interacting with other anionic polymers or with the hydroxyl groups 
existing in the glycerol molecules. 

There are several publications analyzing the properties of chitosan 
edible films after the addition of glycerol but, to the authors knowledge 
at the time of writing, no work has been published using significant 
amounts of glycerol for wound injury treatment as it is proposed in this 
investigation [3,12,13,15]. 

In this work, the physicochemical properties of films containing a 
high content of glycerol with potential application in dermal treatment 
were investigated. Fourier Transformed Infrared Spectroscopy (FTIR) 
was used to analyze the interactions obtained from the glycerol addition. 
Differential Scanning Calorimetry (DSC) and Thermogravimetric 
Analysis (TGA) were applied to study the thermal stability and the 
thermal transitions occurred due to glycerol incorporation. Scanning 
Electron Microscopy (SEM) analysis, swelling tests, mechanical 
experiments and water vapor permeability measurements were used to 
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Abstract
In the present work, chitosan/glycerol blends were used to prepare biodegradable films with potential application 

in dermal treatment. While the presence of glycerol gives the hydrating effect, the chitosan characteristics contribute 
to dermal regeneration. Swelling degree measurements, water vapor permeability determinations, mechanical tests, 
scanning electronic microscopy and Fourier transform infrared spectroscopy analysis; biodegradability studies, 
thermogravimetric and differential scanning calorimetry analysis were used to analyze the influence of the incorporation 
of significant amounts of glycerol in film properties. The obtained results suggested that the glycerol addition provide 
the films with the required properties for the intended application related to dermal treatment. Increasing the glycerol 
concentration, a cluster effect produced by the glycerol molecules surrounding the macromolecular chains led to a 
decrease in the swelling degree and an increase in the WVP along with improvements in mechanical properties.
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evaluate the use of films with a significant amount of glycerol for skin 
injury treatment.

Materials and Methods
Materials

Chitosan of medium molecular weight (Batch SLBF6034V 
Brookfield viscosity 1%, 1% acetic acid: 505 cps) was provided by 
Aldrich Chemistry (USA). A deacetylation grade of 83%, (proportion 
of primary amino groups in the polymer backbone) was determined 
by conductimetric titration of the chitosan dissolved in clorhidric acid 
solution with standardized sodium hydroxide aqueous solution.

Glycerol (87% purity) and lactic acid (purity >85%) were purchased 
from Cicarelli (Argentina). All chemicals used in this work were of 
analytical grade. Deionized water was obtained by means of a Millipore 
Simplicity System.

Films preparation

A 3% w/w chitosan solution was prepared by dissolving chitosan 
(CH) powder in an aqueous solution of lactic acid (1% v/v) with 
magnetic stirring.

The filmogenic solution was prepared by mixing the CH solution 
and the glycerol (G) with mechanical stirring. G:CH mass ratios were 
selected ranging from 0 to 200%. In order to degas the polymeric 
material, the resulting mixture was centrifuged at 4000 rpm for 10 min 
at room temperature.

Chitosan films were obtained by means of a casting-solvent 
evaporation method using flat polypropylene Petri dishes of 55 mm 
of diameter. A constant mass/surface ratio of 231.5 mg/cm-2 was used. 
Petri dishes were placed at 50ºC for 1 h in an oven and then kept under 
atmospheric conditions for 1 week in a chamber until constant weight. 

Films characterization
Films thickness determination: Films thickness was determined 

using a digital hand micrometer Schwyz (Argentina, ± 0.001 mm). Each 
film was measured in five different positions including the center. An 
average value was reported and used in permeability and mechanical 
properties determinations. All the films were conditioned at 25ºC 
for 48 h, inside a desiccator containing a saturated saline solution of 
sodium bromide which provided a relative humidity of 57.7%. 

Scanning electronic microscopy (SEM) analysis: Films were 
conditioned in desiccators containing silica gel and subsequently 
mounted on metal grids and finally covered with a thin layer of gold. 
Edge surfaces of the films were examined with a Karl Zeiss Supra 
40 SEM (Germany) with a field emission gun operated at 3 kV. The 
micrographs were taken at magnifications between 70 and 50000X.

Mechanical tests: Uniaxial tensile tests were carried out in an 
INSTRON dynamometer Model 5982 (USA) equipped with a 1 kN load 
cell following ASTM D 882–02 standard recommendations. Before 
testing, films were conditioned at 25ºC for 48 h, inside a desiccator 
containing a saturated saline solution of sodium bromide (relative 
humidity of 57.7%). Crosshead speed was set at 10 mm/min. Nominal 
stress-strain curves were obtained and from these curves, tensile 
parameters values were determined: tensile strength (σmax) and strain at 
break (εb). All mechanical tests were carried out at room temperature 
by quintuplicate. Average values and their deviations were reported.

Fourier transform infrared spectroscopy (FTIR): A Shimadzu IR 
Affinity-1 (Japan) spectrometer was used to obtain the infrared spectra 

of films at room temperature using the attenuated total reflectance 
(ATR) model in the range of 400-4000 cm-1 using 45 scans at a 
resolution of 4 cm-1.

Swelling tests: In order to determine the swelling from water 
uptake, dry films were immersed into deionized water at 25ºC and 
weighed at fixed times. The experimental mass swelling degree (Q) was 
calculated using equation (1):

100*
dryfilm

dryfilmwetfilm

w
ww

Q
−

=                                                                                (1)

where, wwet film and wdry film are the weights of the water-swollen 
sample and the dry sample, respectively.

Q was calculated as grams of water per gram of sample. Tests were 
performed by duplicate. 

Water vapor permeability (WVP): Water vapor permeability 
was obtained gravimetrically in accordance with the desiccant method 
described in ASTM E 96:00. Films were sealed on top of an acrylic 
permeation cell with an internal diameter of 50 mm and a depth of 35 
mm containing calcium chloride. The cells were placed in a chamber 
with a constant humidity of 75 % and a temperature of 25 ± 1ºC.

Cells were weighted once a day during one week. The slope of the 
water uptake versus time was obtained using a non-linear fitting. Water 
vapor permeability (WVP) was calculated with equation (2):

(R R)e
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  (2) 

Where m is the weight of water absorbed by the permeability cell, 
X is the average film thickness, ∆t is the elapsed time for weight change, 
A is the transfer area, S is the saturation vapor pressure of water at the 
test temperature (25ºC) and Re and R are the relative humidity at the 
test chamber (75%) and inside the permeation cell (0%) expressed as a 
fraction, respectively.

Tests were made in duplicate. Average values and their deviations 
were reported.

Thermal analysis:

Thermogravimetric analysis (TGA): Thermal degradation 
processes were investigated using a Shimadzu TGA-50 analyzer 
(Japan). Measurements were carried out by heating the sample from 
25 to 500ºC in an inert nitrogen atmosphere at a flow rate of 30 mL/
min, with a heating rate of 10ºC min-1 using a sample weight of 5 ± 0.1 
mg. Differential thermogravimetric analysis (dTG) was also recorded.

Differential scanning calorimetry (DSC): DSC thermal profile 
was carried out using a Shimadzu DSC-TA-60-Plus Instrument 
(Japan). Samples (5 ± 0.1 mg) were sealed in hermetic aluminum 
pans and heated at a constant rate of 10ºC/min. The DSC tracings 
were performed from 20 to 350ºC. During data collection, an inert 
atmosphere was maintained by injecting nitrogen at a flow rate of 30 
mL/min.

Biodegradability in soil: Biodegradation was tested in soil under 
controlled laboratory conditions (25ºC, 25% humidity and pH=7). 
Samples were placed onto the soil located in plastic containers which 
were covered by aluminum foil in order to keep the films free of dirt.

Biodegradation was controlled taking photographs and during the 
first weeks, FTIR tests were also performed to analyze which chemical 
groups were first involved in the degradation process.
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Results and Discussion
Films thickness 

It was found that all the films, regardless the glycerol content, were 
homogenous and translucent.

After storing the films at atmospheric temperature, no mass loss was 
recorded as a consequence of glycerol evaporation. This is in agreement 
with the experimental results reported by Quijada-Garrido et al. [12] 
and Suyatma et al. [15] regarding the mass loss by evaporation of films 
prepared with different glycerol:chitosan mass ratios.

It was observed that the films average thickness increased with 
the  glycerol content varying from 100 to 250 ± 1 µm (Table 1) in 
agreement with the results of others [14,17]. 

Chitosan is a linear hydrophilic macromolecule that produces 
films structured in layers. Due to the glycerol hydrodynamic radius 
[12], the G molecules tend to increase the spacing between the chitosan 
macromolecules located in each layer instead of separating them. 
Plasticizer molecules surrounding the polymer molecules interact by 
hydrogen bonds at specific sites (-OH, -NH2). As G content increases, 
clusters of plasticizer molecules are generated surrounding the first 
polyol molecules attached to the polymer chains producing a network 
of G molecules linked by hydrogen bridges [12]. This would explain the 
obtained trend of thickness values with glycerol content.

Another factor that influences film thickness is the water absorbed 
by the matrix. Taking into account the hydrophilic character of 
G, its increase favors the absorption of ambient moisture with the 
consequent increment of thickness [13]. TGA results also confirmed 
the above hypothesis. The mass loss recorded up to 100ºC was 14.1%, 
15.6%, 17.6% and 19.8% for films prepared with G:CH mass ratios of 0, 
50, 100 and 200%, respectively (Table 1).

SEM analysis

Scanning electronic microscopy was used to analyze the surface 
morphology of the films. All surfaces were smooth and homogeneous 

as it has been already reported for CH films. The presence of the 
plasticizer reduces the number of structural disruptions such as cracks 
and pores [18]. In order to evaluate the effect of glycerol addition on 
films morphology, edge surface micrographs were also obtained. The 
denser structure observed with the highest G content compared to neat 
CH film could be appreciated in Figure 1. These observations were in 
agreement with the already mentioned clustering effect.

Mechanical properties

Figure 2 shows stress-strain curves obtained in uniaxial tension 
tests. For neat chitosan (sample G:CH (0:1)), ductile behavior was 
observed presenting a yield point followed by strain softening and 
a plateau before final fracture. Samples with glycerol, on the other 
hand, exhibited a typical elastomeric behavior characterized by non-
linear stress-strain curves and high elongation at break values (more 
than 2000% increase for the maximum glycerol content). This is an 
important result relevant to the intended application of the films in 
dermal treatment as a high flexibility film is capable to copy the skin 
surface morphology and warrant a good contact. Tensile parameters 
values are listed in Table 2 along with their deviations (Table 2).

An increase in the concentration of glycerol yielded to a significant 
decrease in tensile strength in agreement with previous reports using 
glycerol and polysaccharides [19] (Figure 2). 

Furthermore, a good linear relationship (correlation coefficient 
(R2)=0.9989) between strain at break values and glycerol/chitosan mass 
ratio values was observed (Figure 3).

Changes in mechanical properties from the addition of glycerol 
are the result of the weakening of the intermolecular forces between 
adjacent chitosan chains, increasing the free volume and decreasing 
the mechanical strength. The small size of glycerol molecules allows 
them to be readily inserted between the chitosan chains [20]. Hence, 
the increased concentration of glycerol led to a reduction of σmax due to 
lower intermolecular interactions by allowing more sliding chains and 
increasing the elongation of the films [21]. 

Film (G:CH) X (mm) WVP (g/ Pa h m)
(0:1) 140 ± 11 (0.68 ± 0.02).10-6

(0.5:1) 136 ± 16 (1.21 ± 0.02).10-6

(1:1) 181 ± 8 (2.17 ± 0.42).10-6

(2:1) 250 ± 16 (4.28 ± 0.25).10-6

Table 1: Thickness values (X) and water vapor permeability values (WVP) for the different films investigated. 

 

CH film G:CH(2:1) film

Figure 1: SEM micrographs of edge surfaces of films prepared without glycerol (left image) and with 200% of glycerol (right image).
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Fourier Transform Infrared Spectroscopy (FTIR) analysis

The effect of the glycerol addition was also studied by FTIR analysis. 
The films infrared spectra are shown in Figure 4.

The spectrum of neat CH presented three characteristic peaks 
between 925 and 1025 cm-1 that were attributed to saccharide structure 
[22]. 

As a consequence of using glycerol in the preparation of the films, 
some interactions were generated between CH and G modifying the 
recorded FTIR spectra. In the mentioned wave number range, it was 
possible to observe two shifts from the G addition. The first one was 
the shift of the peak located at 936 cm-1 to 925 cm-1 after the glycerol 
addition related to the symmetric stretching vibrations of the alcoxyl 
group [23]. 

The second one was the shift of the peak corresponding to the 
symmetric stretching vibrations of the alcoxyl group (C-O-C) at 999 
cm-1 to 993 cm-1 using the highest G concentration [3]. For CH films, 

the carbonyl (C=O-NHR), amine (NH2) and protonated amine (NH3
+) 

bands are situated in the region between 1400 cm-1 and 1700 cm-1 
[24]. The FTIR spectrum of CH films exhibited a peak at 1535.5 cm-1 
corresponding to the amide II and a band centered at 1581 cm-1 related 
to the amine group. When the films were prepared with G, the amide 
II peak corresponding to NH bending vibration overlapped with the 
band belonging to the amine group [25]. The peak corresponding to 
the amide II from the addition of G shifted from 1535.5 cm-1(G/CH: 0) 
to 1568.42 cm-1 (G/CH: 0.5), 1574.14 cm-1 (G/CH: 1) and 1580.56 cm-1 
(G/CH: 2). The shift to higher wavenumbers indicates more hydrogen 
bonding interactions between chitosan and glycerol generated as a 
consequence of more available –OH groups [26]. 

The peak located at 1727 cm-1 suggested the presence of the 
carbonyl bands belonging to lactic acid (existing in the range of 1718-
1729 cm-1) [3,27].

The peak located at 2847.65 cm-1 was due to the C-H stretching. 
It is used as an indicator of the interaction of glycerol with chitosan, 
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Film (G/CH) σmax (MPa) εb (%)
(0:1) 21.1 ± 2.0 4.5 ± 1.6

(0.5:1) 1.8 ± 0.5 71.5 ± 5.3
(1:1) 0.9 ± 0.3 78.1 ± 10.3
(2:1) 0.5 ± 0.1 93.1 ± 8.2

Table 2: Tensile parameters values for the different films investigated.
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starch or more glycerol molecules [26]. Liu et al. [26] observed a shift 
for the mentioned peak towards lower wavenumbers when the glycerol 
concentration increased due to a slight weakening of glycerol–glycerol 
interactions. For the significantly higher G content used in this work, in 
contrast, we found a shift to higher wavenumbers: the peak was located 
at 2876.44 cm-1 and for the highest concentration at 2887.86 cm-1. This 
could be related with the formation of glycerol clusters surrounding 
the chitosan molecules [12]. A broad band between 3000 and 3600 
cm-1 was observed in CH films as a consequence of OH-O stretching 
vibration that overlaps the N-H stretching vibration [26]. 

It was found that this broad band was more intense for higher 
glycerol concentrations. As a consequence, the resulting area of the 
band grew with the G content indicating a higher intensity of hydrogen 
bonds which could be related with more OH groups provided by the G 
molecules [3] (Figure 4). 

Swelling tests 

Polysaccharides usually have a strong affinity for water because 
of the presence of significant amount of hydrophilic groups. As films, 
they can be easily hydrated. In order to evaluate a potential dermal 
application, swelling experiments are necessary to analyze the film 
stability during the swelling process because of the exudate produced 
during the healing process. 

The hydration properties of polysaccharides depend on primary 
and supra macromolecular structure which are influenced by the 
presence of glycerol molecules. As shown in Figure 5, the swelling 
degree of chitosan films was affected by the glycerol content. The film 
prepared without G could not reach an equilibrium swelling degree 
and after some time in contact with water, the film broke apart. 

0           500        1000      1500       2000        2500       3000       3500       4000      4500        5000

1)
999 cm-1

9 3 7  c m

1 5 3 5  c m - 1

2 8 4 7  c m - 1

2)
9 9 3  c m - 1 1 5 8 0  c m - 1 2 8 8 7  c m - 1

9 2 5  c m - 1

1 7 2 7  c m - 1

1 5 7 4  c m - 1

1 5 6 8  c m - 1

2 8 7 6  c m - 1

0           500        1000      1500       2000        2500       3000       3500       4000      4500        5000

Wave number (cm-1)

Wave number (cm-1)

(a)

(b)

(c)

Ab
s(%

)
Ab

s(%
)

Figure 4: FTIR spectra for the different films investigated. a) G:CH (0:1), b) G:CH: b-1) (0.5:1), b-2) (1:1), b-3) (2:1).
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Increasing the amount of glycerol, the obtained films displayed a 
higher equilibrium swelling degree. The amount of absorbed water at 
each time in films prepared with G was always lesser than the values 
registered with neat chitosan films in agreement with the results 
presented by Lavorgna et al. [28]. The hydrophilic character of glycerol 
justifies the increasing swelling degree as its content grows, which has 
been previously reported [3]. The introduction of increasing amounts 
of glycerol favored the dimensional stability of the films. This behavior 
could be associated to the establishment of the cross-linked network 
induced by hydrogen intermolecular bonds between CH and G and 
between G molecules. In the presence of high G concentrations, there 
are hydrogen bonds between the G molecules involving the G already 
linked to CH macromolecules, giving place to a clustering effect [12]. 

The presence of glycerol led to the formation of more hydrogen 
bonds in the matrix film, as it was confirmed by FTIR analysis (Figure 
4). These interactions were responsible for the limited swelling behavior 
compared to the films prepared without G (Figure 5).

Water vapor permeability (WVP)

In order to use our films in dermal applications, a high WVP is 
required. This reflects the easiness of water vapor to pass through the 
film [29]. The glycerol content significantly affected the water barrier 
properties of the obtained films. There are contradictory reports 
regarding the influence of G addition in CH films depending on the 
G concentration and the molecular weight and deacetilation degree of 
the polymer. In this work, as the G concentration increased, the film 
WVP became higher (Table 1) in agreement with several reports [3,30]. 

The observed WVP increase from the incorporation of G was a 
consequence of an increase in the free volume between polymer chains 
due to decreasing attractive intermacromolecular forces, producing a 
polymeric matrix more permeable [31,32]. 

Thermal analysis

Thermogravimetric analysis (TGA): The thermal decomposition 
temperature of the films was measured by thermogravimetric analysis. 
TGA loss weight curves of chitosan and chitosan:glycerol films and 
their derivative curves are shown in Figures 6a and 6b, respectively. 

In the temperature range explored, two steps were observed in 
films free of G and 3 in films prepared with G. 

For both kinds of films, with and without G, the first thermal event 
produced a loss weight up to 120ºC as a consequence of the removal of 
initial water absorbed [33]. The registered weight loss of this first step 
depended on the G content. For films without G, the value reached up 
to 14.1% while for films prepared with G, the weight loss varied between 
15.6% (with 50% G), 17.6% (100% G) or 19.8% (200% G). Experimental 
results confirmed the influence of the hydrophilic glycerol molecule on 
the absorption of water molecules in the films, due to the tendency 
to form hydrogen bonds between both molecules, as it was already 
discussed in the analysis of film thickness [3]. 

First peak changes related to the area and/or position are linked to 
physical and molecular variations produced by interactions between 
the materials used to obtain the film [33]. It was found that the peak 
area increased and shifted towards higher temperatures with G content. 
Due to the cluster effect already mentioned, water molecules interacted 
with the OH groups provided by the G molecules diminishing the 
interaction with the CH macromolecule. Taking into account that the 
interaction between water molecule and the OH group was stronger 
than the interaction between water and the amine group, the shift to 
higher temperature was justified. 

The second weight loss was registered only for films with G. From the 
dTG plot (Figure 6b), it was possible to notice that the decomposition 
temperature shifted from 200ºC to 183ºC as the G content decreased.

The last event corresponds to a thermo oxidative process that may 
be related to the decomposition of amine groups belonging to chitosan 
macromolecules [33,34]. 
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It was registered near 300ºC due to the chemical degradation and 
deacetylation of chitosan [28]. 

The addition of G led to films more thermally stable since the 
maximum degradation temperature shifted from 287ºC in films without 
G towards 300ºC when they were prepared with G. This temperature 
was related to the degree of cross-linking (Figure 6).

Differential scanning calorimetry (DSC) analysis: Figure 7 shows 
the first run DSC curves obtained for the films prepared without G and 
with 200% of G. Differences in peak area and location were recorded 
depending on the composition of the sample. The first endothermic 
peak was related to the water presence. It was found a shift from 79.87ºC 
(0% G) to 112.44ºC with 200% G which correlated with TG results. The 
hydrogen bonds between the water molecules existing in the films and 
the CH or G hydroxyl groups are stronger than the hydrogen bonds 
between water and the amino groups of the CH macromolecules. Thus, 
a higher temperature was necessary to remove such water molecules 
[33] when the G content became higher (Figure 7).

Biodegradability tests

One advantage of films prepared with biodegradable materials 
is related to the reduction of environmental pollution. The physical 
changes in surface morphology of films were qualitatively studied by 
means of optical microscopy and FTIR. Figure 8 presents a film of neat 
CH and Figure 9 shows the changes produced on the surfaces of films 
after 4 and 18 weeks in contact with fertile soil. A progressive change 
on the surface of samples including cracks, holes, color changes and 
microorganisms appearance was visually observed. Microorganism 
development gradually spread and covered the surface of the samples. 
Because of the microorganism attack, it was impossible to follow the 
degradation gravimetrically. 

Films without G were completely degraded after 18 weeks in 
soil but visual changes were only appreciated after the second week. 
Microorganism proliferation was enhanced by the humidity of films 
which was favored by the G content.

During the degradation process, produced under the influence 
of soil humidity and microorganisms, FTIR spectra showed some 
structural changes. 
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Figure 7: Differential scanning calorimetry (DSC) thermograms of 
chitosan:glycerol films: (a) G:CH (0:1), (b) G:CH (2:1).

Figure 10 shows the variations in the FTIR spectrum after 2 weeks 
for films prepared with the maximum amount of G. The same trend 
was observed for all the samples (not shown).

The degradation process strongly affected the polysaccharide 
structure. It was found that the corresponding polysaccharide 
fingerprint peaks located between 890 and 960 cm-1 disappeared. The 
intensity of the peak located at 1038 cm-1, attributed to the C-O-C 
group, decreased significantly pointing out the scission of the chitosan 
chain in agreement with previous reports [35].

For all the samples prepared with G, the peak related to the 
carbonyl group of lactic acid disappeared suggesting the existence of 
quick degradation zones.

In addition, there was a significant decrease of absorbance in the 
band corresponding to hydroxyl groups located between 3000 and 
3600 cm-1 (Figures 8-10).

Conclusion
Biodegradable films based on chitosan/glycerol blends were 

obtained by solvent-casting evaporation method. The effect of film 
composition on the morphological characteristics, thermal and 
mechanical properties, swelling degree, water vapor permeability and 
degradation in soil was investigated. 

From the results obtained in this work, it was demonstrated that 
films properties can be tailored by changing the glycerol composition.

Intermolecular interactions between chitosan chains were greatly 
affected by glycerol content due to a cluster effect produced by the 
glycerol molecules surrounding these chains.

Taking into account the potential use of the obtained films in the 
treatment of skin injuries, the mechanical properties, swelling degree 
and water vapor permeability are favored from the addition of high 
amounts of glycerol. 
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Figure 8: Image of a chitosan film prepared without glycerol.
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Figure 9: Films degraded in soil: optical micrographs after 4 and 18 weeks.
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Figure 10: Evolution of FTIR spectra for a film prepared with G:CH (2:1) at 
initial time and after 2 weeks.

References

1. Aider M (2010) Chitosan application for active bio-based films production and 
potentcial in the food Industry: Review. LWT-Food Science and Technology 
43: 837-842. 

2. Devahastin S, Soponronnarit S (2010) Effects of drying methods and plasticizer 
concentration on some physical and mechanical properties of edible chitosan 
films. Journal of Food Engineering 99: 216-224. 

3. Cerqueira M, Souza B, Teixeira J, Vicente A (2012) Effect of glycerol and corn 
oil on physicochemical properties of polysaccharide films-A comparative study. 
Food Hydrocolloids 27: 175-184. 

4. Xia W, Liu P, Zhang J, Chen J (2011) Biological activities of chitosan and 
chitooligosaccharides. Food Hydrocolloids 25: 170-179. 

5. Ishihara M, Nakanishi K, Ono K, Sato M, Kikuchi M, et al. (2002) 
Photocrosslinkable chitosan as a dressing for wound occlusion and accelerator 
in healing process. Biomaterials 23: 833-840. 

6. Jayakumar R, Prabaharan M, Sudheesh Kumar P T, Nair S V, Tamura H (2011) 
Biomaterials based on chitin and chitosan in wound dressing applications. 
Biotechnology Advances 29: 322-337. 

7. Muzzarelli R (2009) Chitins and chitosans for the repair of wounded skin, nerve, 
cartilage and bone. Carbohydrate Polymers 76: 167–182. 

8. Anitha S, Sowmya PT, Sudheesh Kumar S, Deepathi S, Chennazhi KP, et 
al. (2014) Chitin and chitosan in selected biomedical applications. Progress in 
Polymer Science 39: 1644-1667. 

9. Mura S, Corrias F, Stara G, Piccinini M, Secchi N, et al. (2011) Innovative 
composite films of chitosan, methylcellulose and nanoparticles. J Food Sci 76: 
N54-60. 

10. Khan TA, Peh KK, Ch’ng H (2000) Mechanical, bioadhesive strength and 
biological evaluations of chitosan films for wound dressing. Journal Pharm 
Pharmaceut Science 3: 303-311. 

11. Kim M, Son JH, Kim SK, Weller C, Hanna M (2006) Properties of chitosan 
films as a function of pH and solvent type. Journal of Food Science E: Food 
Engineering and Physical Properties 71: 119-124. 

12. Quijada Garrido I, Iglesias Gonzalez V, Mazón Arechederra JM, Barrales 
Rienda JM (2007) The role played by the interaction of small molecules 
with chitosan and their transition temperatures. Glass-forming liquids: 1, 2, 
3-propanotriol glycerol. Carbohydrate Polymers 68: 173-186. 

13. Thakhiew W, Devahastin S, Soponronnarit S (2010) Effects of drying methods 
and plasticizer concentration on some physical and mechanical properties of 
edible chitosan films. Journal of Food Engineering 99: 216-224. 

14. Ziani K, Oses J, Coma V, Mate J (2008) Effect of the presence of glycerol and 
tween 20 on the chemical and physical properties of film based on chitosan 
with different degree of deacetylation. LWT-Food Science and Technology 41: 
2159-2165.  

15. Suyatma NE, Tighzert L, Copinet A, Coma V (2005) Effects of hydrophilic 
plasticizers on mechanical, thermal and surface properties of chitosan films. J 
Agric Food Chem 53: 3950-3957. 

16. Fluhr J, Mao-Qiang M, Brown B, Wertz PW, Crumrine D, et al. (2003) Glycerol 
regulates stratum corneum hydration in sebaceous gland deficient (Asebia) 
mice. Journal of Investigative Dermatology 120: 728–737. 

17. Vanin VM, Sobral PJA, Menegalli FC, Carvalho RA, Habitante AMQB (2005) 
Effects of plasticizers and their concentrations on thermal and functional 
properties of gelatin-based. Food Hydrocolloids 19: 899–907. 

18. Garcia MA, Martino MN, Zaritzky NE (2000) Lipid addition to improve barrier 
properties of edible starch-based and coatings. Journal of Food Science 65: 
941-947. 

19. Sanyang ML, Sapuan SM, Jawaid M, Ishak MR, Sahari J (2015) Effect of 
plasticizer type and concentration on tensile, thermal and barrier properties of 
biodegradable films based on sugar palm (Arenga pinnata) starch. Polymers 
7: 1106-1124. 

20. Sobral PJA, Menegalli FC, Hubinger MD, Roques MA (2001) Mechanical, 
water vapor barrier and thermal properties of gelatin based edible films. Food 
Hydrocolloids 15: 423-432. 

21.  Mali S, Sakanaka LS, Yamashita F, Grossmann MVE (2005) Water sorption 
and mechanical properties of cassava starch films and their relation to 
plasticizing effect. Carbohydrate Polymers 60: 283-289. 

22. Flores Hernández CG, Colín-Cruz A, Velasco-Santos C, Castaño VM, 
Rivera-Armenta JL, et al. (2014) All green composites from fully renewable 
biopolymers: Chitosan-starch reinforced with keratin from feathers. Polymers 
6: 686-705. 

http://dx.doi.org/10.1016/j.lwt.2010.01.021
http://dx.doi.org/10.1016/j.lwt.2010.01.021
http://dx.doi.org/10.1016/j.lwt.2010.01.021
https://doi.org/10.1016/j.jfoodeng.2010.02.025
https://doi.org/10.1016/j.jfoodeng.2010.02.025
https://doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.foodhyd.2011.07.007
http://dx.doi.org/10.1016/j.foodhyd.2011.07.007
http://dx.doi.org/10.1016/j.foodhyd.2011.07.007
http://dx.doi.org/10.1016/j.foodhyd.2010.03.003
http://dx.doi.org/10.1016/j.foodhyd.2010.03.003
http://dx.doi.org/10.1016/j.biotechadv.2011.01.005
http://dx.doi.org/10.1016/j.biotechadv.2011.01.005
http://dx.doi.org/10.1016/j.biotechadv.2011.01.005
http://dx.doi.org/10.1016/j.carbpol.2008.11.002
http://dx.doi.org/10.1016/j.carbpol.2008.11.002
https://www.amrita.edu/publication/chitin-and-chitosan-selected-biomedical-applications
https://www.amrita.edu/publication/chitin-and-chitosan-selected-biomedical-applications
https://www.amrita.edu/publication/chitin-and-chitosan-selected-biomedical-applications
http://dx.doi.org/10.1111/j.1750-3841.2011.02295.x
http://dx.doi.org/10.1111/j.1750-3841.2011.02295.x
http://dx.doi.org/10.1111/j.1750-3841.2011.02295.x
http://digitalcommons.unl.edu/biosysengfacpub/111
http://digitalcommons.unl.edu/biosysengfacpub/111
http://digitalcommons.unl.edu/biosysengfacpub/111
http://dx.doi.org/10.1016/j.carbpol.2006.07.025
http://dx.doi.org/10.1016/j.carbpol.2006.07.025
http://dx.doi.org/10.1016/j.carbpol.2006.07.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.jfoodeng.2010.02.025
http://dx.doi.org/10.1016/j.lwt.2007.11.023
http://dx.doi.org/10.1016/j.lwt.2007.11.023
http://dx.doi.org/10.1016/j.lwt.2007.11.023
http://dx.doi.org/10.1016/j.lwt.2007.11.023
http://dx.doi.org/10.1021/jf048790+
http://dx.doi.org/10.1021/jf048790+
http://dx.doi.org/10.1021/jf048790+
http://dx.doi.org/10.1046/j.1523-1747.2003.12134.x.
http://dx.doi.org/10.1046/j.1523-1747.2003.12134.x.
http://dx.doi.org/10.1046/j.1523-1747.2003.12134.x.
http://dx.doi.org/10.1016/j.foodhyd.2004.12.003
http://dx.doi.org/10.1016/j.foodhyd.2004.12.003
http://dx.doi.org/10.1016/j.foodhyd.2004.12.003
http://dx.doi.org/10.1111/j.1365-2621.2000.tb09397.x
http://dx.doi.org/10.1111/j.1365-2621.2000.tb09397.x
http://dx.doi.org/10.1111/j.1365-2621.2000.tb09397.x
http://dx.doi.org/10.1016/S0268-005X(01)00061-3
http://dx.doi.org/10.1016/S0268-005X(01)00061-3
http://dx.doi.org/10.1016/S0268-005X(01)00061-3
http://agris.fao.org/agris-search/search.do?recordID=US201301106861
http://agris.fao.org/agris-search/search.do?recordID=US201301106861
http://agris.fao.org/agris-search/search.do?recordID=US201301106861
http://dx.doi.org/10.3390/polym6030686
http://dx.doi.org/10.3390/polym6030686
http://dx.doi.org/10.3390/polym6030686
http://dx.doi.org/10.3390/polym6030686


Citation: Debandi MV, Bernal C, Francois NJ (2016) Development of Biodegradable Films Based on Chitosan/Glycerol Blends Suitable for Biomedical 
Applications. J Tissue Sci Eng 7: 187. doi:10.4172/2157-7552.1000187

Page 9 of 9

Volume 7 • Issue 3 • 1000187
J Tissue Sci Eng, an open access journal
ISSN: 2157-7552

23. Jamróz ME, Jarosz M, Witowska-Jarosz J, Bednarek E, Tecza W, et al. (2007) 
Mono-, di- and tri-ter-butyl ethers of glycerol. A molecular spectroscopic study. 
Spectrochimica Acta A: Molecular and Biomolecular Spectroscopy 67: 980-
988. 

24. Kim KM, Son JH, Kim SK, Weller C, Hanna MA (2006) Properties of
chitosan films as a function of pH and solvent type. Journal of Food Science 
71:E119-E124 Kim.

25. Zawadzki J, Kaczmarek H (2010) Thermal treatment of chitosan in various
conditions. Carbohydrate Polymers 80: 394-400. 

26. Liu H, Adhikari R, Guo Q, Adhikari B (2013) Preparation and characterization
of glycerol plasticized (high-amylose) starch–chitosan ?lms. Journal of Food
Engineering 116: 588–597. 

27. Niamsa N, Baimark Y (2009) Preparation and Characterization of highly flexible 
chitosan films for use as food packaging. American Journal of Food Technology 
4: 162-169. 

28. Lavorgna M, Piscitellia F, Mangiacapra P, Buonocore G (2010) Study of the
combined effect of both clay and glycerol plasticizer on the properties of
chitosan films. Carbohydrate Polymers 82: 291–298. 

29. Padula C, Colombo G, Nicoli S, Castellani P, Massimo G, Santi P (2003)

Bioadhesive film for the transdermal delivery of lidocaine: In vitro and in vivo 
behavior. Journal of Controlled Release 88: 277-285. 

30. Caner C, Vergano PJ, Wiles JL (1998) Chitosan film mechanical and 
permeation properties as affected by acid, plasticizer and storage. Journal of
Food Science 63: 1049-1053. 

31. Vergano PJ, Testin RF, Bunn JM, Wiles JL (1996) Mechanical and barrier
properties of edible chitosan ?lms as a?ected by composition and storage.
Journal of Food Science 61: 953–961. 

32. Kolodziejska I, Piotrowska B (2007) The water vapour permeability,
mechanical properties and solubility of ?sh gelatin–chitosan ?lms modifed with 
transglutaminase or 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)
and plasticized with glycerol. Food Chemistry 103: 295–300. 

33. Netto CGT, Giacometti JA, Job AE, Ferreira FC, Fonseca JLC, Pereira MR
(2005) Thermal analysis of chitosan based networks. Carbohydrate Polymers
62: 97–103. 

34. Martínez-Camacho AP, Cortez-Rocha MO, Ezquerra-Brauer JM, Graciano-
Verdugo AZ, Rodriguez-Félixa F, et al. (2010) Chitosan composite films: 
Thermal, structural, mechanical and antifungal properties. Carbohydrate
Polymers 82: 305–315. 

35. Mucha M, Pawlak A (2002) Complex study on chitosan degradability. Polimery 
47: 509-516.

http://dx.doi.org/10.1016/j.saa.2006.09.017
http://dx.doi.org/10.1016/j.saa.2006.09.017
http://dx.doi.org/10.1016/j.saa.2006.09.017
http://dx.doi.org/10.1016/j.saa.2006.09.017
http://dx.doi.org/10.1111/j.1365-2621.2006.tb15624.x.
http://dx.doi.org/10.1111/j.1365-2621.2006.tb15624.x.
http://dx.doi.org/10.1111/j.1365-2621.2006.tb15624.x.
http://dx.doi.org/10.1016/j.carbpol.2009.11.037
http://dx.doi.org/10.1016/j.carbpol.2009.11.037
http://dx.doi.org/10.1016/j.jfoodeng.2012.12.037
http://dx.doi.org/10.1016/j.jfoodeng.2012.12.037
http://dx.doi.org/10.1016/j.jfoodeng.2012.12.037
http://dx.doi.org/10.3923/ajft.2009.162.169
http://dx.doi.org/10.3923/ajft.2009.162.169
http://dx.doi.org/10.3923/ajft.2009.162.169
http://dx.doi.org/10.1016/j.carbpol.2010.04.054
http://dx.doi.org/10.1016/j.carbpol.2010.04.054
http://dx.doi.org/10.1016/j.carbpol.2010.04.054
http://dx.doi.org/10.1111/j.1365-2621.1998.tb15852.x
http://dx.doi.org/10.1111/j.1365-2621.1998.tb15852.x
http://dx.doi.org/10.1111/j.1365-2621.1998.tb15852.x
http://dx.doi.org/10.1111/j.1365-2621.1996.tb10909.x
http://dx.doi.org/10.1111/j.1365-2621.1996.tb10909.x
http://dx.doi.org/10.1111/j.1365-2621.1996.tb10909.x
http://dx.doi.org/10.1016/j.carbpol.2005.02.022
http://dx.doi.org/10.1016/j.carbpol.2005.02.022
http://dx.doi.org/10.1016/j.carbpol.2005.02.022
http://dx.doi.org/10.1016/j.carbpol.2010.04.069
http://dx.doi.org/10.1016/j.carbpol.2010.04.069
http://dx.doi.org/10.1016/j.carbpol.2010.04.069
http://dx.doi.org/10.1016/j.carbpol.2010.04.069
http://www.ichp.pl/polimery-number-7-8-2002
http://www.ichp.pl/polimery-number-7-8-2002

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Materials
	Films preparation 
	Films characterization 
	Thermal analysis: 

	Results and Discussion 
	Films thickness  
	SEM analysis 
	Mechanical properties 
	Fourier Transform Infrared Spectroscopy (FTIR) analysis 
	Swelling Tests  
	Water vapor permeability (WVP) 
	Thermal analysis 
	Biodegradability tests 

	Conclusion
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Table 1
	Table 2
	References

