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Abstract. Three new natural plasticizers (exudates of the Prosopis pallida and Capparis
scabrida trees and gum from the Cordia lutea fruit) and polyvinyl alcohol (PVA) in different
concentrations were tested to determine their influence on the properties of chitosan films
prepared by a casting method. Properties such as thickness, solubility, water vapor permeability,
elongation at break, tensile strength, luminosity, and anaerobic biodegradability were evaluated.
Chitosan films with exudate of the Capparis scabrida tree as plasticizer had better properties
than those with the other two natural plasticizers. However, the mechanical properties of the
chitosan films prepared with PVA were still better than those with exudate of the Capparis
scabrida tree. The films that included the three natural plasticizers in their composition were
more biodegradable than those made of PVA, with films with exudate of the Capparis scabrida
tree being the most biodegradable. The exudate of the Capparis scabrida tree is a potential
biodegradable plasticizer for use in medical or food applications.

1. Introduction

The dry forest in northwest Peru is a vast area with moderate biodiversity. Inside this area, many
communities perform different economic activities related to the forest, such as bee product elaboration
and goat breeding for meat and milk production. However, the population in this area is still qualified
as poor or extremely poor. In the dry forest, it is possible to develop different sustainable activities
related to the forest that could help the population to increase their incomes sustainably. One of those
activities is the utilization of potential nonwood products such as essential oils, gums, exudates, and
fruits. Prosopis pallida, Capparis scabrida, and Cordia lutea are three tree species from the dry forest
with potential nonwood products to be used. Prosopis pallida and Capparis scabrida commonly
produce exudates when they are mechanically damaged to accelerate the cicatrization process. Cordia
lutea produces a fruit with a gum that is used for local people as improvised glue [1]. Gums and exudates
are mixtures of polysaccharides that are hydrophilic in nature and contain simple sugars; they can also
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be composed of some proteins, Ca and Mg [2]. Gums from various plant sources have been used
recently, mainly in pharmaceutical applications and in the food industry [3-7]. Most plant-derived gums
and mucilage are hydrophilic and gel-forming in nature [8] and have the potential to be used as
plasticizers.

Chitosan is a polymer derived from chitin, the structural polysaccharide of crustaceans and insects.
This polymer is widely used in the production of packaging materials and medical applications. To
improve the mechanical and physicochemical properties of chitosan, different plasticizers, such as
glycerol, polyvinyl alcohol, and starches, have been used. The current tendency is to use natural
plasticizers instead of synthetic ones.

In this framework, the present work aimed to determine the influence of three natural, new
plasticizers derived from forestry biomass on the properties of chitosan films.

2. Materials and Methods

2.1. Production of films with different plasticizers

An experiment was conducted to evaluate the effect of the type and concentration (0.6, 1.0 and 1.5 %)
of three natural plasticizers in solution (exudates of Prosopis pallida and Capparis scabrida and gum
from the Cordia lutea fruit) on chitosan film properties. Chitosan was derived from Litopenaus
vannamei (shrimp) with a deacetylation degree of 81%. Polyvinyl alcohol (PVA) was used as the blank
to be compared with the natural plasticizers. For the preparation of the films, solutions of 1% chitosan
(p/v in 1% acetic acid solution) were mixed individually (20 min at 1200 RPM) with solutions of every
plasticizer in the three initial concentrations. Table 1 depicts the list of the prepared samples and their
respective code.

Table 1. Code and description of the prepared films used in the first experiments

Code Description
QS Chitosan + Capparis scabrida tree exudate (0.6, 1.0 and 1.5 %)
QA Chitosan + Prosopis pallida tree exudate (0.6, 1.0 and 1.5 %)
oM Chitosan + Cordia lutea fruit gum (0.6, 1.0 and 1.5 %)
QP Chitosan + PVA (0.6, 1.0 and 1.5 %)

2.2 Characterization of prepared films

The characterization of the prepared films included thickness (mm), water solubility (%), vapor water
permeability (g-mm-hPa!-m?), mechanical properties such as elongation (%) and tensile strength
(N-mm), luminosity (%) and anaerobic biodegradation. The thickness of the films was measured using
a digital micrometer (Mitutoyo IP 65 Coolant Proof, Japan) with 0.001 mm accuracy. For water
solubility, 2 cm x 3 cm sections of the film samples were cut and weighed using an analytical balance
(Sartorius Quintix, Germany). Every section was placed into a 100 mL flask, and 80 mL of distilled
water was added. The samples were stirred for 1 h at room temperature, taking care that the film fraction
was still submerged in the water. Every sample was filtered and dried at 105 °C until a constant weight
was reached. Water solubility (%) was calculated from the difference between the initial and final
weights divided by the initial weight and multiplied by 100.

The water vapor permeability (g:-mm-hPat-m2) of the films was determined by the desiccant method
according to standard test method ASTM E96M/E96-05.

Tensile strength (N-mm2) and elongation at break (%) were calculated using the standard test method
according to ASTM D882-01[9]. The measurements were performed with a universal texturometer
(Brookfield CT3, Canada) with an activation charge of 0.05 N. Samples of 10 cm x 2.5 cm (length x
width) were cut, placed into a desiccator with a saturated NaCl solution for 24 h, and then loaded into
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the fixing accessory of the texturometer. The crosshead speed was set at 0.5 mm-s until break. Tensile
strength was calculated by dividing the maximum force on the film during the fracture between the
cross-sectional area (width x thickness). Elongation at break (%) was calculated by dividing the
maximum extension of the film samples by the length of the samples.

To determine the luminosity factor of the films, a colorimeter (Konica Minolta CR400, Japan) was
used with white color as the reference.

A gravimetric method based on the underground microbial decomposition of the films was applied
to determine the anaerobic biodegradability of the different prepared films. A period of 15 days was
considered the total exposure time for this measurement. The weight of the samples was measured four
times within the experimental time using an analytical balance (Sartorius Quintix, Germany). A 2.5 cm
x 2.5 cm portion of each film sample was taken for the experiments. The samples were buried 30 cm
deep in agricultural soil. The data for the first 2 days of the test were eliminated to avoid the influence
of the water content (moisture) in the films. The ¢ vs. ¢ data were fitted to the zero- and first-order
models [10]:

q = qo — kot 1)
In(q) = In(qo) — k4t 2

where g (g) is the measured remaining weight of the films after time t (days), and ko and ki are the rate
constants of the zero-order and first-order models, respectively. Values of the determination coefficient
(R?) and Chi-square (X?) were calculated to determine the model that best fits the data.

Additionally, every plasticizer and its respective films mixed with chitosan were characterized using
an FTIR spectrophotometer (Shimadzu IRPrestige-21, Japan).

3. Results and discussion

3.1 Influence of type and concentration of natural plasticizers

Table 2 depicts the peaks of the FTIR spectra of the different natural plasticizers, PVA and chitosan. In
all the spectra, there is a very wide peak centered at approximately 3300 — 3330 cm™!, which corresponds
to the OH stretching mode. Samples of exudates of the Capparis scabrida tree (S) and gum of the Cordea
lutea fruit (M) show peaks at 2922 and 2928 c¢m’!, respectively, which correspond to C-H or CH,
stretching. A similar peak is shown by PVA (P) and chitosan (Q). The three natural plasticizers present
a peak between 1547 and 1597 cm’!, which corresponds to —CO asymmetric stretching. Typical peaks
at 1643 and 1587 cm™ are visible for the chitosan sample, corresponding to C=0 (amide I) stretching
and N-H (primary amide) bending. As shown in table 2, natural plasticizers, PVA and chitosan depicted
peaks that correspond to CH, bending, CH-OH, C-O stretching and C-O-C. According to different
authors [11, 12], the peak in the range of 1500 to 500 cm™ represents the carbohydrate fingerprint,
confirming the nature of the natural plasticizers.

In the case of sample M, most of the peaks coincide with those in a previous work reported by
Troncoso, Zamora and Torres [1] for the same sample.

Figure 1 shows the FTIR spectra of the film prepared with chitosan and of those prepared with a
combination of chitosan and plasticizers. One of the most important parameters to be analyzed is the
peak centered at 3260 cm™ for the pure chitosan sample, which corresponds to OH stretching, shifted
slightly in the case of the samples in which the plasticizers were added. Even the intensity of the peak
reduced in the case of the films in which plasticizers were added. Another important parameter is the
behavior of the peak at approximately 1543 ¢m™!, which similarly corresponds to the N-H bending of
the primary amide. When the chitosan film is combined with the plasticizers, the peak is shifted to a
slightly higher wavenumber. According to a different author [13], these facts demonstrate the interaction
between chitosan and plasticizers.
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Table 2. Peaks (cm™) of FTIR spectra of the different natural plasticizers, PVA and chitosan used in
the study.

Exudate of Exudate of Gum of PVA (P) Chitosan Modes
Capparis Prosopis Cordia lutea Q)
scabrida tree pallida tree fruit (M)
S A)
3306 3316 3357 3329 3335 OH stretching [11,
14, 15]
2922 2928 2940-2911 2882 CHj; stretching [11,
14]
1732, 1712 C-O stretching of
COOH [16]
1643 C=0 stretching —
amide 1 [17]
1587 N-H bending —
primary amide [17]
1597 1599 1547, 1501 -CO asymmetric
stretching [14]
1412 1411 1388 1435, 1375, 1426 CH; bending
1323, 1246 CH-OH
1018 1011 1033 1090, 1026 1058, 1153, C-O stretching [15]
1020 C-O0-C[1]

660, 601 902, 837, 667, 828, 667 841, 950, 897, 874, C-H bonds [11]
603 652, 598 660
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Figure 1. FTIR analyses of the films with different types and concentrations of natural plasticizers.

When the concentration of the films is higher, the thickness increases when the natural plasticizer
concentration is increased (see figure 2a). Ayoubi Najafabadi, Askari, Mousavi and Emamdjomeh [18]
explained this fact because when the amount of gum in a film formulation is increased, the resistance to
rearrangement during casting and drying because of the increase in solid content is higher, favoring the
formation of intermolecular spaces and loose structures. Thickness is variable according to the type of
plasticizer. QS samples are thicker than the other natural films made of the other natural plasticizers
(QA and QM) and even thicker than the films made of PVA.

Films prepared with 0.6% plasticizers exhibited the same level of water vapor permeability (WVP)
(figure 2b). However, the behavior of this parameter is different according to the increase of the
plasticizer content. When the concentration of plasticizer was increased to 1%, the WVP remained at
the same level; however, when the concentration was increased to 1.5%, the WVP increased. In the case
of the QA samples, the level of WVP remained constant independently of the plasticizer content. For
the QM samples, when the concentration of plasticizer was increased to 1%, the WVP remained at the
same level; however, when the concentration was increased to 1.5%, the WVP decreased. Finally, for
the samples prepared with the commercial plasticizer (QP), WVP reduced at the same level when the
plasticizer content was increased to 1 or 1.5%.

In general, solubility decreases when the concentration of plasticizer is increased in the films (figure
2¢). The QS sample presents the highest levels of solubility for the different concentrations of
plasticizers, even higher than samples with PVA (QP). This could be explained by the fact that the
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addition of plasticizer reduced the molecular attraction because of the solvation of the polar group of
the polymeric chains.
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Figure 2. Properties (a) thickness, (b) water permeability, (c) solubility, (d) elongation at break, (e)
tensile strength and (f) luminosity of prepared chitosan films with different types and concentrations of
natural plasticizers and PVA.
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In the case of mechanical properties, films with natural plasticizers in different concentrations
showed lower levels of elongation at break (EB) and tensile strength (TS) (figures 2d and 2e
respectively) than the films prepared with PVA. However, a comparison of the films with natural
plasticizers reveals that the QS sample has higher levels of both mechanical properties than the rest of
the films with natural plasticizers. The behavior of the mechanical properties is similar when the
concentration of plasticizer is increased in the chitosan films for samples QS and QP; i.e., EB increases
and then decreases when the plasticizer concentration is 1 and 1.5%, respectively, and TS decreases and
then increases when the plasticizer concentration is 1 and 1.5%, respectively.

Luminosity reduces slightly when the concentrations of natural plasticizers P and M are increased
(figure 2f). However, in the case of chitosan films made of S and PV A, luminosity was almost constant
when the concentration of plasticizers was increased. It seems that plasticizers P and M in the
compounds could be oxidized during the drying process of film preparation.

The biodegradability of chitosan films made of natural plasticizers (1%) was higher than that of films
made of PVA (1%). Figure 3 depicts the remaining weight of the samples during the experimental time
(15 days).
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Figure 3. Biodegradability in anaerobic conditions of films
prepared with natural plasticizers and PVA (1%).

The remaining weight data were fitted to zero-order and first-order models, fitting the best to the
zero-order model in the case of films made of natural plasticizers (R’=0.854 — 0.993 and X’=3.89x10°°
— 4.43x107) (table 3). Although the data for films with PVA as plasticizer fit best to the first-order
model, the parameters R’ and X? of the zero-order model are almost similar.

The value of &y for the QP sample is lower than that of the chitosan films made of natural plasticizers;
therefore, the rate of biodegradation of the films made of natural plasticizers is higher than that of films
made of PVA. Comparing the natural plasticizers shows that the QS sample has the highest
biodegradation rate. The reduction in weight during the soil burial test was significantly higher for films
made in this work compared with that for biodegradable plastics used as packaging materials found in
the markets and tested by Gutierrez, Daupan, Fabian and Miclat [19].
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Table 3. Parameters of the zero-order and first-order models fitted to the anaerobic biodegradation data
of the films with natural plasticizers.

Model Parameters QS QA QM QP
R’ 0.993 0.933 0.854 0.885
Zero-order X 3.89x10¢ 1.75x10° 4.43x10° 1.39x10°
ko 3.36x107 2.29x1073 2.24x1073 4.81x10*
R’ 0.992 0915 0.816 0.887
First-order X 4.24x10° 2.21x10° 5.59x10° 1.38x10°
ki 4.37x10? 5.61x1072 2.63x107 1.89x1073

4. Conclusions

Three new natural plasticizers (exudates of the Prosopis pallida and Capparis scabrida trees and gum
from the Cordia lutea fruit) and polyvinyl alcohol (PVA) in different concentrations were tested to
determine their influence on the properties of chitosan films. Chitosan films with exudate of the
Capparis scabrida tree as plasticizer had better properties than those with the other two natural
plasticizers. However, the mechanical properties of the chitosan films prepared with PV A are still better
than those with exudate of the Capparis scabrida tree. The films that included the three natural
plasticizers in their composition were more biodegradable than those made of PVA, with films with
exudate of the Capparis scabrida tree being the most biodegradable. The exudate of the Capparis
scabrida tree is a potential biodegradable plasticizer for use in medical or food applications.
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