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Abstract
This research aimed to develop films based on chitosan/polyvinyl alcohol. These 
films were plasticized with glycerol, sunflower oil, and glucose. Mixtures of chi-
tosan and polyvinyl alcohol were prepared at a ratio of 1:1 (w:w). Plasticizers were 
added at final concentrations of 20, 40, and 60% (chitosan weight/w). Physicochemi-
cal and mechanical properties of films were analyzed. The results indicated that 
moisture content, degree of swelling and solubility in the films increased due to glu-
cose and glycerol hydrophilic components. However, this effect was not observed 
when the sunflower oil was used as plasticizer, due to the hydrophobic nature of this 
compound. The thickness increased as glycerol content raised, but it decreased when 
the sunflower oil was added. The films tensile stress and elasticity increased with the 
addition of glycerol but showed opposite results when the sunflower oil and glucose 
were added. Water vapor permeability increased proportionally with the glycerol 
concentration. Finally, the films biodegradability decreased when the plasticizers’ 
concentration increased. Functional groups, morphology and thermal degradation 
were assessed by FTIR, SEM and TGA, respectively. Morphological characteriza-
tion of the laminated films with glycerol and glucose showed homogeneous surface 
and small aggregates. Films-plasticizer with Sunflower oil presented low-uniform 
surface. The results obtained from this research subjects that biodegradable films are 
suitable candidates to be used for food coating.
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Introduction

Petroleum-derived plastic films cause damage to the environment and ecosys-
tems due to their high consumption in the market and their low biodegradabil-
ity. Therefore, it is necessary to develop biodegradable films focused on improv-
ing the quality and prolonging the shelf life of food using packaging or coatings 
that have good barrier, antibacterial and antioxidant properties [1]. Biodegrad-
able films can be prepared from natural and synthetic biopolymers, proteins, or 
polymer blends. Chitosan is an obtained biopolymer by deacetylation of chitin. It 
is a cationic, non-toxic, biocompatible, and biodegradable polymer. It has good 
chemical resistance, and it is suitable for the formation of films due to their low 
cost [2]. However, the hydrophilic groups in its structure decrease its mechani-
cal and water vapor barrier properties [3]. For this reason, it is necessary to mix 
chitosan with synthetic polymers such as Polivynil Alcohol (PVA), to improve 
their functional characteristics and the cost-performance ratio of the films [4]. 
PVA is soluble in water, biodegradable, with excellent chemical resistance and 
good mechanical properties [5]. e addition of plasticizer in chitosan / PVA films 
is a method used to increase the flexibility and improve the brittleness, elasticity, 
and impact resistance of flexible films with better packaging properties and high 
resistance during transport [6]. Glycerol is a polyol with a considerable plasti-
cizing effect on the polymer-based films due to its excellent compatibility, and 
solubility in water, which improves the brittleness, stretchability, and flexibility 
in the films [7]. Previous research had reported about PVA / chitosan mixtures 
plasticized using glycerol. For example, Sojohaee et  al. showed that glycerol’s 
high affinity for interactions resulted in less spread of hydrogen bonds between 
PVA and chitosan and a better crystallinity of PVA / chitosan mixtures [8]. Veg-
etable oils are liquid at room temperature and can be mixed with several poly-
mers. Sunflower oil is a non-volatile, non-toxic, and non-exhaustible vegetable 
oil obtained by pressing sunflower seeds (Helianthus annuus) [2]. Erdem et  al. 
investigated the effect of the addition of sunflower oil on the formation of edible 
biocomposite films based on whey proteins. The results revealed that the addi-
tion of oil has a positive effect on the permeability to water vapor and oxygen 
of the films, and a low percentage of oil increases the hydrophobicity without 
affecting the barrier and opacity properties of the films [9]. Gao et al. found that 
combined sugars, such as fructose, glucose, galactose, or glycerol, can be used 
as plasticizers in the preparation of starch films because they showed comparable 
characteristics with other typical polyols in terms of the mechanical, barrier, and 
optical properties [10]. Saberi et al. studied the influence of different plasticizers 
(glycols, sugars, and polyols) on the characteristics of the percentage of mois-
ture, mechanical, physical, optical, and microstructure of the pea starch rubber 
film. Monosaccharide-plasticized films showed similar mechanical properties to 
sorbitol, but lower solubility and permeability to water vapor, greater transpar-
ency, and moisture content than films plasticized with sorbitol [11]. This research 
aimed to determine and analyze the effect of different plasticizer concentrations 
(glycerol, sunflower oil, and glucose) on the physical–chemical and mechanical 
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properties of films based on chitosan / polyvinyl alcohol, for their application in 
the food and pharmaceutical industry. Likewise, physicochemical properties were 
evaluated through absorption of water vapor, swelling index, solubility, tensile 
strength, elongation at break, and biodegradability in soil according to the devel-
opment of hybrid packaging. The films were characterized by Fourier transform 
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), and scanning 
electron microscopy (SEM).

Materials and methods

Materials

For the film preparations, low molecular chitosan (Ch, MW 50,000–190,000  Da, 
deacetylation degree 85%) was purchased from Sigma-Aldrich® and polyvinyl alco-
hol (PVA, MW 30,000–70,000  Da, 87% partially hydrolyzed) supplied from J.T. 
Baker®. For the preparation of the solutions, distilled water was used for the poly-
vinyl alcohol and glacial acetic acid, provided by Sigma-Aldrich®. The plasticizers, 
glycerol supplied by Química del Caribe Ltda., sunflower oil by Girasoli®, and glu-
cose provided by Sigma-Aldrich®.

Preparation of plasticized chitosan/polyvinyl alcohol films

A 2% (w/v) solution of chitosan was prepared in a 2% (v/v) acetic acid solution. 
This mixture was stirred continuously at room temperature for four hours until a 
completely homogeneous solution. Then, a 2% (w/v) polyvinyl alcohol solution was 
made with deionized water and was stirred for three hours at a temperature of 85 °C 
[1]. The chitosan and polyvinyl alcohol solutions were mixed in equal proportion at 
room temperature for four hours until homogeneity. After that, 1 ml of 2% (w/v) glu-
taraldehyde was added to the polymer mixture for every 100 ml of solution and left 
to agitate at room temperature for 30 min [2].

Plasticizers were added in three levels (20, 40, and 60%), according to the weight 
of the chitosan used in the initial solution. However, glycerol was added to the solu-
tion with constant stirring for three hours at room temperature. [1]. In the case of 
films plasticized with sunflower oil, the mixture was stirred at a temperature of 
60 °C until total homogeneity [3]. For chitosan/polyvinyl alcohol films with glucose, 
the glucose solution was added and stirred at 60 °C for one hour until it was homo-
geneous [4]. Finally, all the films were molded with 13 ml of the mixture on plastic 
Petri dishes and left to dry at room temperature for 72 h.

Characterization of plasticized chitosan/polyvinyl alcohol films

To determine the functional groups present in plasticized chitosan/polyvinyl alcohol 
films, a Fourier Transform Infrared Spectroscopy (FTIR) was performed on a spec-
trometer model Nicolet™ iS50, of the Thermo Scientific™ brand, with a spectral 
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range between 4000—500  cm−1 [5]. For examining the microstructure and morphol-
ogy of the film surface, a Scanning Electron Microscopy (SEM) was performed [6]. 
The photographs were obtained from a scanning electron microscope of the brand 
JEOL™, model JEOL JSM-820. The thermogravimetric analysis (TGA) was carried 
out in an equipment brand TA  Instruments©, model SDT  Q600©, with a temperature 
range from 25 to 550 °C [7], at a heating rate of 10 °C/min and a nitrogen flow rate 
of 50 ml/min [8].

Evaluation of the physical–chemical and mechanical properties of plasticized 
films

Thickness

Using a high-precision digital micrometer, the thickness of the films obtained was 
determined. The obtained values were determined to utilize an average of five meas-
urements in random points for each film [9].

Mechanical properties

Using a universal machine and the ASTM D 882–88 standard, the mechanical prop-
erties of the plasticized films, such as tensile strength, elongation, and modulus of 
elasticity, were measured. Tensile strength was determined by dividing the maxi-
mum load by the initial cross-sectional area of the film. The elongation was calcu-
lated by dividing the stress at film break by the first film-length multiplied by 100, 
and from the slope of the linear portion of the stress curve, the elastic modulus was 
found. Three samples were taken for each of the films with different plasticizers and 
concentrations [10].

Films swelling index and solubility

The degree of swelling was determined by cutting the films into small rectangles, 
which were then dried to constant weight. They were then immersed in hemolysis 
tubes with distilled water at room temperature at ten-minute intervals. At each time 
interval, samples were removed, dried, and weighed to a constant weight [11]. To 
find the swelling index, the following equation was used:

In the case of solubility, the films were cut into small rectangles, dried to constant 
weight and then submerged in distilled water for 24 h. Then, the films were dried 
and weighed. The following equation was used to calculate the solubility percentage:

(1)% SI =
Final Weight − Initial Weight

Initial Weight
× 100%

(2)% Solubility =
Final Weight − Initial Weight

Initial Weight
⋅ 100%
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Moisture content

The moisture content of the plasticized films was determined by calculating the 
weight loss after drying in a convective oven at 110  °C. Every fifteen minutes, 
the films were weighed until the sample reached a constant weight [12]. The next 
equation was used to calculate the films moisture percentage:

Water vapor permeability

This property was evaluated by the method proposed by ASTM E 96 / E 96 M-05. 
Hemolysis tubes were filled with calcium chloride  (CaCl2) up to 6 mm below the 
edge of the tube. The plasticized film was placed over the mouth of the tube and 
sealed with rubber bands, and the initial weight of the test tube was registered 
on an analytical balance. The environmental camera had a relative humidity of 
87.5% and 27  °C, due to the average climatic conditions in the city of Carta-
gena. The tubes were placed in a rack inside the environmental chamber., with the 
conditions mentioned above, and the weights obtained each hour were registered 
[13].

The water vapor transfer rate (WVT) was calculated with the differential of the 
variation in the film mass for the time, multiplied by the inverse of the area of the 
film exposed to the tube [14]. As the following equation shows:

where:
WVT = Water vapor transfer rate or water vapor transmission coefficient, g

hm2
.

dm / dt = Mass difference over time, g
h
.

A = Exposed film area,  m2.
The "permeance" was calculated by dividing the WVT between the water 

vapor pressure at the given temperature and the relative humidity difference. 
We assume a relative humidity inside the tube to zero, and we have the relative 
humidity outside and saturation pressure of the environmental camera conditions. 
The "permeance," when multiplied by the thickness, provides the WVP [15]. As 
the following equations show:

where:
PA2 = pressure on the film, kPa.
PA1 = pressure which the film is submitted to inside the tube, kPa.

(3)% Moisture =
Initial Weight − Final Weight

FinalWeight
⋅ 100%

(4)WVT =
dm

dt
⋅

1

A

(5)Permeance =
WVT

PA2 − PA1

=
WVT

S
(

R1 − R2

)
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S = saturation vapor pressure at experimental temperature, kPa.
R1 = relative humidity of the camera.
R2 = relative humidity inside the test tube.

where:
WVP = water vapor permeability, g mm

h m2kPa

Biodegradability of films by composting

The evaluation of the biodegradability of chitosan/polyvinyl alcohol films was car-
ried out in a medium adapted to an aerobic composting process, i.e., potting soil. For 
this, the film was cut into rectangular strips and weighed on an analytical balance. 
Then, they were buried in the composting, which was prepared previously in plastic 
containers with 25 g of composting and 5 ml of water [16]. Afterward, the biodeg-
radation of the film was monitored, determining the percentage of mass loss and 
morphology every two days, for ten days.

Results and discussions

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra were divided into five regions or sections for the identification of the 
different vibration bands. The different functional groups were detailed in each one. 

(6)WVP = Permeance ∙ FilmThickness

Fig. 1  FTIR spectrum obtained a PVA/Ch Gl 20% b PVA/Ch Gl 40% c PVA/Ch Gl 60%
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Figures 1, 2, and 3 show the spectra obtained for the laminated films. They all have 
vibration bands in common, such as the characteristic PVA bands, located between 
3550 and 3200   cm-1, this section indicates the presence of the OH group and the 

Fig. 2  FTIR spectrum obtained a A/Ch Oil 20% b PVA/Ch Oil 40% c PVA/Ch Oil 60%

Fig. 3  FTIR spectrum obtained a PVA/Ch Gluc 20% b PVA/Ch Gluc 40% c PVA/Ch Gluc 60%
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intermolecular and intramolecular hydrogen bonds [28] as shown in section (I) of 
the spectra. In section (II), the vibrations bands between 2840–3000   cm−1 corre-
spond to the C–H bonds for alkyl groups, typical of PVA. Also, in section (III), the 
bands on 1750 and 1735  cm−1 are from the C=O and C–O bond stretch due to the 
presence of acetate unhydrolyzed group [7].

Chitosan, this appears in all spectra in sections (I), specifically in 3400   cm-1, 
typical of the OH and NH groups of chitosan, these groups were also visualized 
in section (IV) in 1400   cm-1. 1 bandsThe amide group  (CH3) characteristic from 
this biopolymer appears in 1390   cm−1 [7]. Additionally, in section (V), the bands 
between 800 and 1000   cm−1 indicate the polysaccharide structure and de C–O–C 
bonds [17].

In the case of plasticizers, these are evident in these spectra. Their representative 
peaks appear in the different sections shown. The glycerol appears in the section (V) 
of Fig. 1, where the C–C and C–O bonds, which are typical for this plasticizer, are in 
the band between 800 y 1150  cm−1 [7]. The sunflower oil appears in section (II) of 
Fig. 2, where fatty acids appear at 3200  cm−1, carbonyl group at 3400  cm−1, and in 
this zone is evident the characteristic stretching of the lipids at 3000  cm-1 [18]. The 
glucose appears with its unique variation for the presence of C–O bonds located at 
1033  cm−1 in section (V) of Fig. 3.

Scanning electron microscopy (SEM)

In general, the chitosan/polyvinyl alcohol film presents a series of characteristic sur-
face patterns. The chitosan dispersed into the polyvinyl alcohol matrix with rela-
tively good interfacial adhesion between the two components [19]. The glycerol-
plasticized films showed the most uniform and homogeneous surfaces, with small 
aggregates, which was attributed to the lack of agitation of the polymer solution. 
Also, the films plasticized with glucose presented spots on their surface and small 
aggregates. The less uniform films were plasticized with sunflower oil, due to the 
hydrophobic character, which generates a discontinuity in the internal structure of 
the polymer and reflects on the surface of the film [20]. The photographs obtained 
are shown in Fig. 4.

Thermogravimetric analysis (TGA)

For the hybrid film laminated with 20% glycerol, the percentage of loss of mass 
between 25 and 325 °C corresponds to 55.3%, the majority corresponds to the loss 
of moisture in the film [31], at the beginning of the Thermal degradation of chitosan, 
glycerol, and all moisture in polyvinyl alcohol, as they begin to degrade at 297, 290, 
and 200° C, respectively. This high percentage is due to the high affinity of glycerol 
and polyvinyl alcohol to water because of the hydroxyl groups present [11]. The 
other percentage is shown at 325 °C, and 550 °C belongs to the final degradation of 
the film to temperature, i.e., 22.03%. Because the temperature of the degradation of 
glutaraldehyde is not known, it assumes that at this temperature, the additive is still 
present in the film. However, the sum of these percentages corresponds to 77.33% of 
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the mass of the film. In other words, the film at a temperature of 550 °C has not been 
completely degraded.

In the case of the film plasticized with 60% sunflower oil, the percentage obtained 
between 25 °C and 325 °C was 40.24%. It is lower compared to glycerol because 
the triglycerides present in the plasticizer are hydrophobic, so less moisture must 
be removed. However, the percentage remains high due to the affinity of polyvinyl 
alcohol with water [11]. In this temperature range, polyvinyl alcohol, chitosan, and 
sunflower oil begin to degrade. The other percentage was 35.85% and corresponded 
to the completion of the degradation of the film and glutaraldehyde present, which is 
shown between 325 and 550 °C. It is evident that at 550 °C, 23.91% of the mass of 
the film still exists. Therefore, the film at this temperature has not been completely 
degraded.

For chitosan/polyvinyl alcohol film plasticized with 20% glucose, it is evi-
dent that it loses 44.35% of its weight between 25 and 325  °C. It corresponds 

Fig. 4  Scanning Electronic Microscopy (SEM) of the films: 1a) Ch/PVA/Glycerol20%, 1b)Ch/PVA/Gl 
40%, 1c)Ch/PVA/Gl 60%, 2a)Ch/PVA/Oil 20%, 2b)Ch/PVA/Oil 40%, 2c)Ch/PVA/Oil 60%, 3a)Ch/PVA/
Gluc 20%, 3b)Ch/PVA/Gluc 40%, 3c)Ch/PVA/Gluc 60%
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mostly to the moisture present in the film, which is due to the hydrophilic nature 
of polyvinyl alcohol. When glucose is added, the film tends to have high percent-
ages of moisture. It initiates the degradation of polyvinyl alcohol and chitosan. 
The remaining 29.82% corresponds to the degradation of the rest of the polymers 
and glucose, which begins its ignition at 500 °C. After 550 °C, the film still has 
25.83% of its mass, i.e., at this temperature, it was not completely degraded, as 
the low molecular weight of chitosan delays thermal degradation in all films [21]. 
Figure 5 shows in more detail the thermograms obtained.

Thickness and appearance

The appearance of the chitosan/polyvinyl alcohol films is visually homogeneous. 
In the case of films plasticized with glycerol and glucose, they showed a yellow 
hue, which is due to the addition of glutaraldehyde, which reacts with the chi-
tosan amino group, forming the chromophore group (-C = N-) [22]. However, the 
films plasticized with sunflower oil presented bubbles on their surface. It is due 
to the hard miscibility of triglycerides and fatty acids with the polymers [3]. Fig-
ure 6 shows the appearance of the films obtained.

For chitosan/PVA film thickness, the results show that the film thickness var-
ies between 0.045 and 0.071 mm, which will be shown in Table 1. It is observed 
that rising the glycerol concentration in the films, the thickness increased. How-
ever, the opposite behavior occurs when adding sunflower oil, which is because it 
modifies the composition of the polymeric matrix, affecting the internal structure, 

Fig. 5  Thermograms obtained for plasticized films
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with less crystallinity and thinner [34]. On the other hand, the addition of glucose 
as a plasticizer leads to an increase in film thickness, but there is no definite trend.

Mechanical properties

The data obtained to evaluate the mechanical properties of the films obtained 
were shown in Table  2. The results show that the plasticizer that provides the 
greatest elongation is glycerol, which is directly proportional to the concentra-
tion. Because glycerol alters the structure of the films, providing more mobility of 
the polymer chain, reducing Vander Waals intermolecular forces from polymers, 
providing greater flexibility [23]. Besides, it is evident that glucose at a lower 
concentration offers higher resistance to other films, but, as the concentration 
increases, the stress on the fracture decreases noticeably, and decreases elonga-
tion to the films, in the concentrations investigated. For the oil as a plasticizer, it 
provides an elongation percentage to the films of 2% on average, for all concen-
trations and low fracture stress compared to glycerol. This plasticizer did not have 

Fig. 6  Appearance of obtained PVA/Ch films: 1a) PVA/CH/Gl 20%, 1b) PVA/CH/Gl 40%, 1c) PVA/CH/
Gl 60%, 2a) PVA/CH/Oil 20%, 2b) PVA/CH/Oil 40%, 2c) PVA/CH/Oil 60%, 3a) PVA/CH/Gluc 20%, 
3b) PVA/CH/Gluc 40%, 3c) PVA/CH/Gluc 60%
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a notable influence on the mechanical properties of these films, as other stud-
ies indicate [3]. In addition, the low molecular weight chitosan generates a slight 
decrease of mechanical behavior in the films [24] and exhibits lower elongation 
and tensile strength [25].

Table 2  Mechanical properties 
of chitosan/PVA films

Sample Fracture 
stress 
(MPa)

Elastic 
module 
(MPa)

Elongation (%)

PVA/Ch/Oil 20% 122.102 38.837 2.024
40% 127.615 45.031 1.946
60% 74.560 35.773 1.880

PVA/Ch/ Glycerol 20% 36.949 14.542 2.667
40% 326.121 46.828 3.079
60% 150.794 22.433 5,181

PVA/Ch/Glucose 20% 191.531 37.651 2,467
40% 74.421 30.946 2,303
60% 26.217 21.723 1.690

Fig. 7  Percentages of the swelling index or water retention of chitosan/PVA based films plasticized with 
glycerol, sunflower oil, and glucose

Fig. 8  Percentages of water solubility of chitosan/PVA based films plasticized with glycerol, sunflower 
oil, and glucose
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Swelling Index and solubility

Films Swelling Index was calculated by Eq. 1, and the percentage of solubility with 
Eq. 2, as shown in Fig. 7 and 8, respectively. The results show that the films with 
the lowest degree of swelling and solubility are those plasticized with sunflower oil. 
Since, with the incorporation of fatty acids, these have a lower sensitivity to water 
due to the presence of covalent bonds between the amine groups of chitosan and 
the free hydroxyl groups of fatty acid, which reduces the availability of the polymer 
to interact with the water [36]. On the other hand, films plasticized with glucose 
and glycerol have an excellent affinity with water, which is evidenced in the degree 
of swelling and solubility [11]. The glycerol and glucose are hydrophilic molecules 
with hydroxyl groups that are embedded in the chains of the two polymers to cause 
the migration of the water molecules. In this case, the low molecular weight of chi-
tosan had no significant effect on the degree of swelling [26].

Moisture content

Table 3 shows the percentages of moisture content obtained from plasticized films. 
The affinity of the films with water is directly proportional to the concentration of 
hydrophilic plasticizers, such as glycerol and glucose. In addition, the low molecular 
weight chitosan increases the moisture content of the films [27] by facilitating the 
diffusion and solvation of water molecules within the structure [21]. However, the 
oil provides hydrophobicity to the films, allowing them to have a lower percentage 
of moisture [28]. Consequently, the polymeric matrix was not significantly affected 
by the influence of water because of the presence of the hydrophobic plasticizer.

Water vapor permeability

The results show that films based on chitosan and polyvinyl alcohol plasticized with 
glycerol are the most permeable to water vapor under the established conditions. 
This phenomenon was presented by the presence of covalent bonds between the 
amine groups of chitosan and the hydroxyl groups free of the fatty acids present 

Table 3  Moisture content 
percentages of chitosan/PVA 
based films plasticized with 
glycerol, sunflower oil, and 
glucose

Sample %Moisture Standard deviation

Glycerol 20% 15.13 4.7 ×  10–3

Glycerol 40% 15.57 1.1 ×  10–3

Glycerol 60% 20.21 1.29 ×  10–2

Oil 20% 13.16 3.9 ×  10–3

Oil 40% 13.78 8.7 ×  10–3

Oil 60% 14.81 3 ×  10–4

Glucose 20% 14.37 2 ×  10–4

Glucose 40% 25.29 1.4 ×  10–3

Glucose 60% 47.76 4.1 ×  10–3
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in glycerol, which decrease the availability of the polymeric matrix to interact 
with water [29], thus influencing the hydric retard [3]. In the case of glucose and 
sunflower oil, the contrary occurs. When the concentration of these plasticizers 
increases, the index of permeability to water vapor decreases. In the case of glucose, 
this is due to the high affinity it has with water, reducing the hydric delay of the film 
[4]. The decrease in water vapor permeability in chitosan/PVA films corresponds to 
the presence of the low molecular weight chitosan, which forms a three-dimensional 
mesh due to the high water content [30]. All the results obtained were shown in 
Table 4.

Biodegradability of films by composting

Figure  9 shows the results obtained on the mass loss percentages of plasticized 
chitosan/PVA films. In general, the presence of plasticizers negatively influences 
biodegradability, as they solvate the molecules of chitosan and polyvinyl alcohol. 

Table 4  Water vapor 
permeability indices obtained 
from chitosan/PVA based 
films plasticized with glycerol, 
sunflower oil, and glucose

Sample Water vapor perme-
ability index, WVP 
(

g mm

h m2kPa

)

Ch/PVA/ Glycerol 20% 887 ×  10–6

Ch/PVA/ Glycerol 40% 1001 ×  10–5

Ch/PVA/ Glycerol 60% 151 ×  10–5

Ch/PVA/Oil 20% 1515 ×  10–5

Ch/PVA/ Oil 40% 1091 ×  10–5

Ch/PVA/ Oil 60% 715 ×  10–6

Ch/PVA/Glucose 20& 958 ×  10–6

Ch/PVA/Glucose 40% 807 ×  10–6

Ch/PVA/Glucose 60% 650 ×  10–6

Fig. 9  Percentages of mass loss obtained from chitosan/PVA based films plasticized with glycerol, sun-
flower oil, and glucose in the composting test
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Giving more stability to the polymeric networks that form the films and protects 
them from the attack of microorganisms and other elements that can generate the 
degradation of the films, which indicates that they are acting as antifungal additives 
[31]. However, the films laminated with sunflower oil do not have very high bio-
degradation percentages, since the most influential variable in biodegradability is 
humidity; this plasticizer has the characteristic of being hydrophobic, which nega-
tively influences this property [29].

Conclusions

Chitosan/PVA films plasticized with glycerol, sunflower oil, and glucose were suc-
cessfully prepared. The infrared spectra highlight the functional groups of chitosan 
and polyvinyl alcohol, such as amides, carboxylic acids, and alcohols. Also, the 
presence of fatty acids contributed by sunflower oil, carbonyls, and glycerol alcohols 
and the typical bond of glucose are reported. Thermograms reveal that the hybrid 
films, when subjected to high temperatures, lose more than half of their mass, due 
to the thermal degradation of chitosan, polyvinyl alcohol, and plasticizers. However, 
films do not lose 100% of their mass at 550 °C.

The thickness is affected by the plasticizing agents because they modify the struc-
ture of the components. Glycerol laminated films are also the most elastic. However, 
the film-containing glucose as a plasticizer is the most resistant. The presence of 
glycerol and glucose increases the percentage of humidity, the degree of swelling, 
and the water solubility of the films, due to their tendency to absorb water, provid-
ing active sites in the matrix by exposure of their hydroxyl groups. Nonetheless, 
sunflower oil negatively affects these variables due to the hydrophobic nature of the 
triglycerides, even affecting the homogeneity on the surface of the films. The per-
meability of plasticized films increases with glycerol but decreases with increasing 
concentration of sunflower oil and glucose, due to the chemical behavior of chitosan, 
as oils and sugars tend to reduce their water retardation. The low molecular weight 
of chitosan affects the physicochemical, mechanical and thermal properties in film 
formation. Finally, the increase in the concentration of plasticizers negatively affects 
biodegradability, since the additives solve the chitosan/PVA molecules, protect it 
from microorganisms and reduce its degradation.
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