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Abstract. The objective of this study was to obtain and characterize biodegradable films composed of ternary blends of
biopolymers. The films produced were composed of chitosan, starch and sodium alginate, based on an experimental
design using a ternary mixing plan. The solutions filmogenic were obtained by casting technique, with dry matter fixed
at 2%. O plasticizer used was glycerol and its percentage was fixed at 20%, about dry mass of the biopolymer. After
producing the biofilms, they were cut into specimens, to carry out the mechanical characterization. An analysis of
variance (ANOVA) was performed to obtain the models and the F Test to verify their statistical significance. After this
check, response surface graphs were generated. From the surfaces and models obtained, it was possible to evaluate the
effect of the composition of the biopolymer blends on the parameters of tensile strength limit, modulus of elasticity, and
elongation at break. The results showed that the polymeric blend from test 13 (80% starch and 20% sodium alginate)
has the highest tensile strength (67,97Mpa), around 90% greater than isolated starch, 71% greater than isolated alginate
and 79% higher than chitosan alone. About the Young's modulus, it was observed that the blend from test 11 (80% starch
and 20% chitosan) presented the highest modulus (297,56Mpa), with around 90% greater than the isolated starch, 85%
greater than the isolated chitosan and 69% higher than alginate. The elongation at break was greater (76,44Mpa) with
the blend from test 12 (80% chitosan and 20% alginate) around 86% greater than starch, 55% greater than chitosan
and 82.8% greater than alginate. Biofilms made up of the combination of two or more biopolymers showed satisfactory
properties when compared to biofilms formulated with a single component.

Keywords: biopolymers; biopolymer blends; mix planning; mechanical properties.
1. INTRODUCTION

Biofilms appear as an alternative to plastic films of synthetic origin. Biofilms are materials of biodegradable origin
that, when exposed to external agents, do not cause damage to the environment in which they degrade (Talon et al., 2016).
The main objective of using biofilms is to replace products derived from synthetic polymers. Biofilms can be applied in
various industrial sectors, including packaging in general, supporters, coating for produce, etc. (Kowalczyk et al., 2015).
Biodegradability and biocompatibility are two essential requirements for the composition and application of the biofilm.
In addition to these factors, an ideal film or coating should have great adhesion capacity, provide effective microbial
protection, have adequate gas and moisture transfer properties, have a good aesthetic appearance, be tasteless, and be
reasonably priced (Saha et al., 2016).

Several materials can be used for the production of biofilms, and polysaccharides stand out among these, such as
starches, because they have non-toxic, biodegradable characteristics, come from low-cost natural sources and have the
capacity and stability for the formation of biofilms (Colivet and Carvalho, 2017; Narkchamnan and Sakdaronnarong,
2013). Although polysaccharide films show good barrier properties against gases and lipids, they form a poor barrier to
water vapor (Leceta et al., 2014; Edhirej et al., 2017). Like starches, chitosan is a cationic polysaccharide of a non-toxic
and biodegradable nature. It comes mainly from the reaction of partial alkaline deacetylation of chitin, which is abundant
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in nature and found in crustacean exoskeletons such as crab, shrimp, and lobster, as well as other sources such as insects,
mollusks, fungi and algae (Zhang et al., 2017). Chitosan films have exhibited a high antimicrobial effect (Baldwin et al.,
2011).

Another promising polysaccharide is sodium alginate, which is a natural anionic polysaccharide existing in the cell
wall of brown algae, that can represent 40% of the dry weight of algal biomass. Its excellent viscosity and gelling
properties draw the interest of industries. Its biodegradability, biocompatibility, and lack of toxicity make sodium alginate
an interesting material for numerous applications, such as packaging production, cross-linked coverage for drug delivery
systems, covering and protecting foods, medicines, etc. The feasibility of extracting sodium alginate from brown seaweed
depends on the region and the focus of the extractive industry, in addition to the quantities used to manufacture the final
product to be offered. It is worth mentioning that the abundance of this material is predominant in coastal areas (Mei et
al., 2020).

Generally, biofilms synthesized from natural raw materials have fragile characteristics and a brittle appearance, so it
is necessary to use plasticizing agents, to reduce the frictional forces between the polymer chains (Narkchamnan and
Sakdaronnarong, 2013).

Polymeric blends are mechanical mixtures of different polymers, in most cases, there is no chemical reaction between
them. They are prepared to obtain materials with a better balance of properties in cases where pure polymers used alone
do not meet the requirements. The most common example is the use of rigid and mechanically resistant materials, that
have high impact resistance at the same time. In addition, the mixture between two or more polymers is considered an
economical alternative for developing new materials when compared to the synthesis of new polymers or copolymers
(Oliveira et al., 2018).

Thus, this study aimed to obtain biopolymeric films based on starch, chitosan, and sodium alginate using the casting
technique and characterize them in terms of their mechanical properties. The selection of components was carried out
based on their abundance in the semi-arid region, in addition to the possible production from technologies adjusted to its
reality. This evaluation was done through a ternary mixing plan and representative models of the response surfaces were
obtained by correlating the properties to the composition of the films.

2. MATERIALS AND METHODS
2.1 Materials

The following were used in the composition of the biofilms: starch, obtained from the company Kouzina Alimentos
Saudaveis (Brazil); chitosan, acquired from the company Polymar (Brazil), with a degree of deacetylation of 97%; glacial
acetic acid (PA — 99.7%), obtained from the company IMPEX - Labimpex Industria e Comércio de Produtos Para
Laboratério LTDA.; sodium alginate P.A. and bidistilled glycerin P.A. (glycerol), of analytical grade, obtained from
Dinamica Quimica Contemporanea, Sao Paulo, Brazil.
2.2 Methods for obtaining the biofilms

Experimental Planning
The experimental design with real values can be seen in Table 1.

Table 1. Matrix of the ternary mixing plane with real values.

Formulation Formulation Components (%)
Starch (FB) | Chitosan (QT) [ Alginate (ALG)
1* 100 0 0
2% 0 100 0
3* 0 0 100
4 0 50 50
5* 50 0 50
6* 50 50 0
7* 33.33 33.33 33.33
g* 33.33 33.33 33.33
o* 33.33 33.33 33.33
10* 33.33 33.33 33.33
11%* 80 20 0
12%* 0 80 20
13%* 80 0 20
14%* 20 0 80
15%* 20 80 0
16%* 0 20 80
17%* 66.66 16.66 16.66
1%+ 16.66 66.66 16.66
19%* 16.66 16.66 66.66

* Adjustment points; ** Validation points.
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A ternary mixing plan was used, with 4 repetitions at the central point, making 19 tests, sufficient to obtain quadratic
models. The independent variables used were the percentages of chitosan (QT), sodium alginate (AG), and starch (FB).
In contrast, the dependent variables evaluated were tensile strength limit (LRT), modulus of elasticity (ME), elongation
at rupture (AL). For the color and opacity variables, an ANOVA was performed. Glycerol was used as a plasticizer at a
constant concentration of 20% about the total dry matter. Tests 1 to 10 were used to obtain the fit of the quadratic models,
and tests 11 to 19 were used to validate this model.

The total concentration of biopolymer in the film-forming mixtures remained constant and equal to 2%. However, the
composition of this total varied according to the percentages of biopolymers (potato starch, chitosan, and alginate) shown
in Table 1. A graphical scheme of the ternary mixing plane can be seen in Figure 1.
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Figure 1. Graphical scheme of the ternary mixing plane.

It is necessary to point out that the adjustment points are the values that will be used to obtain the mathematical
models; the validation points, on the other hand, carry with them the effectiveness of the mathematical model in describing
or predicting the proposition of new points, in short, the validity of the model.

Preparation of filmogenic solutions

Chitosan solutions were prepared according to a methodology adapted from Genskowsky et al. (2015) and Bonilla
and Sobral (2016). Chitosan powder was solubilized in a 2% (v/v) acetic acid solution, and left for 24 hours under
mechanical agitation at room temperature of 27 °C, resulting in a homogeneous, viscous, yellowish solution.

Starch solutions were prepared according to the methodology adapted from Chiumarelli and Hubinger (2014). The
mixture of water and starch was heated, in a water bath at 75 °C, under constant mechanical agitation, until it was possible
to observe the complete gelatinization of the starch.

Alginate solutions were prepared according to methodology adapted from Bagheri et al. (2019). The alginate mixture
was heated to 70 °C, under constant mechanical agitation, until complete dissolution and gelatinization of the alginate.

Finally, the chitosan, starch, and alginate solutions were mixed in such proportions that the final concentrations of
these compounds corresponded to the values contained in Table 1. The final mixtures were heated to 50 °C for 10 minutes
under constant mechanical agitation, followed by 10 minutes in an ultrasonic bath.

Preparation of biofilms using the solvent evaporation technique (casting)

After preparation and due homogenization of all components, 60 g of each solution was deposited on an acrylic plate
150 mm long, 150 mm wide, and 10 mm high, stored in an oven with air circulation at 50 °C for 5 hours. After forming
a homogeneous and cohesive matrix film on the plates, it was removed and analyzed. The amount of deposited solution
was determined experimentally so that, after drying in an oven, the films presented thickness values similar to those
described in the literature that used the casting technique to obtain biopolymeric films: Jost et al. (2014); Luchese et al.
(2017); Guerrero et al. (2015); Hromis et al. (2015); Gutiérrez et al. (2015); Oliveira et al. (2018).

2.3 Characterization methods
Thickness

The determination of the thickness of the biodegradable films was carried out according to the methodology proposed
by Luchese et al. (2017), in which 5 randomly chosen points of the film were measured with a Syntek digital micrometer
with a scale of 0.001 mm.

Mechanical Tests

Biofilm specimens, with dimensions of 60 mm in length and 5 mm in width, were tested to obtain the mechanical
properties studied in accordance with the ASTM 882-83 in a universal testing machine (DL 10000 from EMIC), with a
load cell of 5.0 kN at a temperature of 23 °C and relative humidity of 75% (kept in a desiccator with a saturated NaCl
solution and measured through a thermo-hygrometer) with a test speed of 5 mm/min. Five specimens were tested for each
test in the experimental design.
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Statistical Analysis
The data obtained with the experimental planning were analyzed using the Statistica® 12.5 software (StatSoft, Inc.,
USA). An analysis of variance (ANOVA) and the F test were performed to verify whether the models were statistically

significant with p < 0.05. For models in which the calculated F was greater than the tabulated F and R? > 0.75, response
surfaces were generated.

3. RESULTS AND DISCUSSIONS
3.1 Average values of the obtained results

In Table 2 it is possible to observe the mean values of the evaluated dependent variables: tensile strength limit (LRT),
modulus of elasticity (ME), and elongation at break (AL).

Table 2: Mean values of tensile strength limit (LRT), modulus of elasticity (ME),
elongation at break (AL) and thickness (TH).

Test Xi Xa X (IKARPTa ) ME (MPa) (ﬁ/o'-) (Ignl)
1" 1 0 0 6.93+0.15 51.56 +0.13 10.49 +0.10 0.042 +0.0006
2% 0 1 0 14.89 £0.14 4417 +0.20 34.10+0.13 0.069 +0.0004
3* 0 0 1 19.68 +0.13 93.08 £0.12 13.13+0.15 0.042 +0.0006
4 0 05 05 7224017 23.69 +0.14 33.17+0.12 0.088 +0.0007
5* 05 0 05 50.83 +0.11 82.47+0.15 7.27+0.11 0.077 +0.0008
6* 05 05 0 22.17+0.20 121.37+0.11 11.90 +0.23 0.056 + 0.0005
7* 0.3333 0.3333 0.3333 42.37+0.16 82.87 £0.21 29.64+0.18 0.098 +0.0007
g* 0.3333 0.3333 0.3333 42.18+0.17 82.41+0.20 29.39+0.19 0.085 + 0.0006
9* 0.3333 0.3333 0.3333 42.65+0.14 83.45 +0.22 28.93+0.15 0.082 +0.0008
10% 0.3333 0.3333 0.3333 4252+0.13 82.93+0.11 29.42+0.13 0.089 +0.0009
11% 08 0.2 0 36.32+0.19 297.56 +0.13 552+0.14 0.060 + 0.0006
12% 0 08 02 15.81 +0.20 20.60 +0.14 76.44 +0.19 0.053 +0.0007
13%+ 0.8 0 0.2 67.97 £0.11 131.4+0.15 5.15+0.23 0.049 +0.0008
14% 0.2 0 08 20.62+0.13 123.60 +0.17 12.36 £0.14 0.057 +0.0009
15%% 0.2 08 0 51.26 +0.16 139.28 +0.13 44.16 +0.25 0.059 + 0.0006
16%* 0 02 08 12.04 £0.19 231.97 £0.12 5.39+0.18 0.052 +0.0005
17% 0.6666 0.1666 0.1666 20.32£0.20 130.07 £0.18 15.62 £0.25 0.054 +0.0007
18%* 0.1666 0.6666 0.1666 27.39+0.11 103.75 £0.12 26.42+0.14 0.047 £ 0.0009
19%+ 0.1666 0.1666 0.6666 30.69 +0.10 212.39 +0.11 4.99 +0.17 0.052 +0.0006

* Adjustment points; ** Validation points.

The thicknesses of the produced biofilms are between 0.042 mm to 0.098 mm. The thickness was controlled during
the deposition of the films on the acrylic tray, 60 g of each mixture. This difference in thickness is possibly associated
with the density of the films. Several studies claim that the type of biopolymer influences the thickness of each film; its
concentration about dry mass also causes changes in thickness (Oliveira et al., 2018; Jost et al., 2014; Luchese et al.,
2017; Guerrero et al., 2015; Hromis et al., 2015; Gutiérrez et al., 2015).

The lowest thickness value is associated with the biofilm consisting of only one type of biopolymer. In this case,
potato starch, with the highest average thickness value is related to the biofilm that has the highest concentration of
different biopolymers (33.33% potato starch, 33.33% chitosan, 33.33 % alginate, and glycerol). According to Abdullah
and Talip (2014), the thickness value can affect different properties, such as water vapor permeability, and mechanical
and transparency properties of the films. Oliveira et al. (2018) produced films of corn starch, cassava starch, and bovine
gelatin, with the addition of beeswax, for application as a coating in the post-harvest conservation of guavas, and the
biofilms had thicknesses between 0.049 and 0.205 mm. On the other hand, Siracusa and Ingrao (2017) analyzed already
available industrial films for coverage, which were 0.015 to 0.04 mm thick.

Regarding the LRT, it can be observed that the highest average value was 67.97 MPa, relative to the biofilm consisting
of 80% potato starch and 20% sodium alginate. At the same time, the lowest average value observed was 6.94 MPa, of
the biofilm consisting only of potato starch.

The highest average value was obtained for the polymeric blend consisting of potato starch and sodium alginate, due
to the molecular interaction between the polymeric chains, making this composition a miscible blend with the
predominance of secondary bonds of the hydrogen bond type. This fact is directly related to the lowest average value
obtained, the biofilm consisting only of potato starch and glycerol, since alginate appears as an additive that gives the
biofilm better mechanical properties. However, up to a certain concentration, when exceeding this value, the alginate
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becomes increasingly fragile, due to the loss of interaction of the secondary bonds between the biopolymers (Oliveira et
al., 2018; Xiao et al., 2017).

Nandi and Guha (2018) produced films of potato starch and guar gum and obtained the LRT value for the control film
formed only by potato starch of 5.82 MPa, a value very close to that found in this study. Shah, Fernandes and Suares
(2019) produced films with starch and sodium alginate for the production of adhesives for dressings. The authors observed
that the introduction of alginate to the starch matrix resulted in better mechanical properties, in addition to less moisture
retention at the application site, what corroborates the information of this analysis.

Among starches, the higher the amylose content, the higher the LRT value, that is, the greater the resistance of the
films (Domene-Ldpez et al., 2019). Compared to films formed by chitosan and sodium alginate, this one has the lowest
average value of the analysis, but the value is still expressive among the class of starches, since these are contained in
intervals of 0.004 and 3.75 MPa (Oliveira et al., 2018; Domene-L6pez et al., 2019; Nandi and Guha, 2018).

As for Young’s modulus (ME) , it can be seen that the highest average value was 297.56 MPa, relative to the biofilm
consisting of 80% potato starch and 20% chitosan, while the lowest average value observed was 20.68 MPa for the biofilm
consisting of 80% chitosan and 20% sodium alginate.

Ren et al. (2017) analyzed films composed of starch with different concentrations of chitosan for application in
packaging, and obtained a value of 39 MPa for the Young’s modulus, assuming that the addition of chitosan to the starch
matrix increased the rigidity of the biofilm, as observed in this study.

The highest average ME value is given to the polymeric blend formed by chitosan and starch. This is due to the
hydrogen bonds formed between the NH3™ groups of the protonated chitosan and the OH" groups of the starch/starch,
which provide greater stability to the polymeric matrix in relation to the matrix composed only of starch (Mujtaba et al.
2019; Ren et al., 2017).

The lowest mean ME value was obtained from the blend consisting of chitosan and sodium alginate. This occurs
because the alginate allows the formation of a gel when exposed to a pH lower than its ionotropic gelling point. The
electrostatic interactions between polyanionic/polycationic sodium alginate (crosslinking process) and chitosan make
them highly biocompatible for the production of stable polymeric films. This electrostatic interaction is derived from the
bond between the NH3* groups of chitosan and the COO" groups of sodium alginate, originating an insoluble polymer
(Nair et al., 2020; Varaprasad et al., 2020).

Nair et al. (2020) state that the presence of alginate in the chitosan matrix makes the films more flexible, improving
the functional properties of application in fruits and vegetables, as observed in this study. Al obtained its highest mean
value of 76.44% for the biofilm consisting of 80% chitosan and 20% sodium alginate, while the lowest mean value
observed was 4.99% for the biofilm consisting of 66.66 % sodium alginate, 16.66% chitosan, 16.66% potato starch and
glycerol.

The lowest average value obtained in Al from the polymeric blend consisting of potato starch, chitosan and sodium
alginate is due to the anti-plasticizing effect. This effect comes from the high concentration of sodium alginate
(Varaprasad et al., 2020; Abou-Okeil et al., 2018).

The highest mean value of AL is directly related to the lowest mean value of ME. This is due to the formation of a
biofilm with low rigidity and, consequently, high flexibility. Nair et al. (2020) and Ren et al. (2017) observed that the
elongation at film rupture increased with increasing chitosan concentration, which corroborates this study.

3.2 Tensile Strength Limit (LRT)

The coded model proposed to describe the Tensile Strength Limit (LRT) of the analyzed biofilms included in the
established concentration limits is described by Eq. (1):

LRT = 1.721 + 5.499X, + 13.453X, + 18.244X; + 73.787X,X, + 178.850X,X; — 11.514X,X, @)

In Figure 3a and 3b, it is possible to observe the behavior of the response variables about the composition of each
biofilm.
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Figures 3a and 3b. Response surfaces for the Tensile Strength Limit (TSL) as a function
of the concentration of starch (FB), chitosan (QT), and sodium alginate (ALG) in biofilms.



F. C. P. Gongalves, K. C. Gomes, M. Q. Silva Junior, R. H. L. Leite and T. O. Almeida.
Obtaining And Mechanical Characterization Of Films Based On Starch Blands, Chitosan And Sodium Alginate

Analyzing Figures 3a and 3b, it is possible to verify that both the potato starch content, as well as sodium alginate and
chitosan content, influence the resistance of biofilms, based on the model obtained by Eg. (1).

Potato starch concentration plays an increasing linear effect. This is possibly due to the hydrophilic nature that potato
starch has, resulting in a film with a fragile characteristic due to the presence of hydroxyl groups, which is indicative of
stronger interactions between the starch and the plasticizer, developing a good transfer of tension by the biofilm, which
has a high resistance as previously seen in Table 2. According to Kowalczyk et al. (2015), films based on starch with a
high amylose content generally have a higher mechanical performance due to the formation of mechanically resistant
films, which corroborates the result found here.

According to Ramirez et al. (2014) and Bonilla and Sobral (2016), there is a correlation between relative crystallinity
and mechanical properties due to the presence of amylopectin, which, although linear, forms a helix, making it difficult
to regularly associate with other chains. There is usually an increase in tensile strength and modulus of elasticity, as well
as a reduction in elongation at break. This behavior was also observed in the present work.

In films in which potato starch interacts with another polysaccharide, in high concentrations, the biofilm matrix has
high fragility as a result of water absorption processes, where amylose molecules in solution tend to orient themselves in
parallel due to their linearity; when they get close enough, they form hydrogen bonds between the hydroxyls of adjacent
polymers. Thus, the affinity of the polymer with water is highly reduced, favoring the formation of more resistant films,
as also seen by Pifieros-Hernandez et al. (2017), Ren et al. (2017) and Talon et al. (2017).

Chitosan has a positive linear effect on LRT. Bourtoom and Chinna (2008) point out that the increase in LRT is
achieved due to a high formation of intermolecular hydrogen bonds between the NH3* groups of chitosan and the OH"
groups of potato starch. The amine groups (NH2) of chitosan were protonated to NHs* in the acetic acid solution and, on
the other hand, the ordered crystalline structures of the starch molecules were disrupted due to the gelatinization process,
deriving the OH" groups, available to immediately form bonds of hydrogen with the NHs™ group of chitosan, thus
increasing the LRT of the films.

Films produced from sodium alginate also have a positive linear parameter. Films prepared from alginate aim to
form strong films, as seen in Table 3, but due to their hydrophilic nature, they exhibit low resistance to water due to the
hydroxyl groups present in their structure, as observed by Mei et al. (2020).

3.3 Modulus of Elasticity (ME)

The proposed coded model to describe the modulus for elasticity (ME) of the analyzed biofilms included in the
established concentration limits is described by Eq. (2):

ME = 0.008 + 31.493X, + 44.107X, + 93.011X; + 335.417X, X, + 81.987X, X — 178.369X,X, @)

In Figures 5a and 5b it is possible to observe the behavior of the response variables about the composition of each
biofilm.
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Figures 5a and 5b. Response surface for the Modulus of Elasticity (ME), as a function of the
the concentration of potato starch (FB), chitosan (QT), and sodium alginate (ALG) in the biofilms.

According to Figures 5a and 5b and the model obtained by Eq. (2) for the Modulus of Elasticity (ME), it is possible
to observe that all the polymers used in the study have a significant influence on the ME. In addition to stability and
mechanical rigidity, other factors must be considered, such as the natural elasticity values of each polysaccharide, which
is a relevant property.

Ahmed and lkram (2016) confirmed that the effect of the plasticizer interferes with polymer chain interactions,
decreasing intermolecular forces, softening film stiffness, and increasing polymer mobility. The mixture of chitosan and
alginate decreased the mechanical stability, forming films with less rigidity, which can be confirmed by the response
surface shown in Figure 6a. Nandi and Guha (2018) demonstrate that the mixture of potato starch and chitosan exhibits
high elasticity values and that the low mobility of the chain of components increases the value of the Modulus of Elasticity,
as observed in this study.
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3.4 Elongation at Break (Al)

The coded model proposed to describe the elongation at break (AL) of the analyzed biofilms included in the
established concentration limits is described by Eq. (3):

AL = 3.363 + 58.017X, + 17.777X, + 87.927X5 + 1.011X, X, — 71.168X, X5 — 123.928X, X, ©)

In Figures 7a and 7b, it is possible to observe the behavior of the response variables about the composition of each
biofilm.

WA A A K bR
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Figures 7a and 7b. Response surface for Elongation at Break (AL), as a function of the
the concentration of potato starch (PS), chitosan (CH), and sodium alginate (ALG) in biofilms.

Based on Eqg. (3) and analyzing Figures 9a and 9b, Elongation at Break (Al), the three components influence the
elongation of the films. Chitosan exerts a positive linear effect. This occurs due to the influence of its high flexibility, as
previously mentioned.

Elongation at break of chitosan and sodium alginate films increased with increasing chitosan concentration but
decreased at the highest alginate concentration analyzed. The rate of flexibility of the films is due to the concentration of
chitosan and the interaction of the plasticizing and polymeric chains that facilitate the sliding of the chain and thus
contribute to improving the general flexibility and mobility of the chain.

As for the films that have the presence of starch, it is verified that they satisfy the increasing linear parameter. Liu et
al. (2013) suggest that this is possibly due to its hydrophilicity, which weakens the sample and compromises the plasticity
of the films.

Suderman et al. (2018) state that the plasticity of a film can be achieved by mixing the polymer with a low molecular
weight compound or with another polymer that reduces crystallinity and increases chain flexibility and that the plasticizer
reduces the molecular interaction, thus increasing the molecular spaces, causing greater elongation of the films.

Thus, the response surface for elongation at break (Figures 7a and 7b) shows that the interaction between sodium
alginate and chitosan increased the values of this property. Sodium alginate appears as a low-weight polymer with
plasticizing characteristics, which contributes to the increase in the properties under analysis, in addition to the 20%
plasticizer addition, such as the glycerol used in this study, also contributes to the increase of stretching (Santana; 2010).

4. CONCLUSION

The filmogenic solutions of potato starch, chitosan, and sodium alginate showed appropriate characteristics for
obtaining biopolymeric films.

The biofilm that presented the smallest thickness value was the one composed of the starch, while the biofilm with
the greatest thickness was the one composed of the three polysaccharides.

The biofilms that showed the best mechanical properties were: trial 13 (80% potato starch and 20% sodium alginate),
with higher LRT (67.97 MPa); trial 11 (80% potato starch and 20% chitosan) with higher ME (297.56 MPa); and trial 12
(80% chitosan and 20% sodium alginate) with higher AL (76.44 MPa).

Based on this study, it was possible to observe that the blends made up of two polysaccharides showed better
mechanical properties than those made up of just one polysaccharide or three combinations thereof.
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