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Abstract: Non-toxic products with distinguishable characteristics are desirable for use in the packaging sector.
Biopolymers fit this criterion and can serve as vehicles for the addition of various compounds, such as enzymes, dyes,
antioxidant agents, or monounsaturated fatty acids, to provide useful qualities to a product, such as biodegradability. A
biopolymer obtained from fishing industry waste residues can be combined with fatty acids to form films and emulsions
with different characteristics to be used in different drug production, packaging, and product protection. This study aimed
to use a natural biopolymer, chitosan, in combination with oils from the Mauritia flexuosa L.f., (“buriti’) and Acrocomia
aculeata (“macauba’) species of palm trees to develop films that exhibit excellent biodegradability in soil. The
degradation of chitosan films (CF), emulsified chitosan films with buriti oil (CFB), and emulsified chitosan films with
macauba oil (CFM) in soil was investigated, where the CFB samples showed the best protection against moisture and
the largest weight reduction over 30, 60, and 90 day testing periods. Further studies are needed to test the practical
application of these films, but the results of the CFB sample indicate that these chitosan films imbued with natural oils
from the Mauritia flexuosa L.f. and Acrocomia aculeata species have great potential for use in the packaging sector.

Keywords: Biopolymer, Soil, Palm oil, Packaging, Mauritia flexuosa L.f., Acrocomia aculeata.

INTRODUCTION

Among the various damages inflicted upon the
environment, all of which arise from humans, one
concerns the plastic waste of fossil fuels. These
residues take a long time to spontaneously degrade,
and given this long, useful life of plastics, short-term
experimental methods to predict degradation paths
require further study [1]. As the population increases
each year, these solid waste management issues
increase as well [2]. Inadequate management of urban
solid waste in terms of treatment, recycling, final
disposal, and management strategies can cause
ecological disasters that present a threat to public
health and natural resources [3].

Kaza et al. (2018) [4] reported that the world
population generated 242 million tons of plastic waste
in 2016, and it is believed that by 2050 plastic
production will increase four-fold [5]. Furthermore,
plastic waste shortens the life expectancy of animals
that consume it and contaminates bodies of water
when it is dumped into channels and oceans [6]. This is
based on their increased production as well as their
lack of degradability, which drew the world's attention
to the problem of pollution [7].
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Consequently, numerous investigations into
biodegradable plastic waste have been conducted in
recent years [8]. Plastic materials participate in waste
generation from their industrial production to their
arrival at the consumer [9]. The public demand for
ecological and sustainable processes, alongside the
growing limitation of fossil fuels, has resulted in the
formation of a market for bio-based plastics [10]. This
has led to research aimed at replacing plastic with
other materials and evaluating the duration of these
substitute residues [11]. Furthermore, innovative
technologies have been developed for producing
biodegradable polymers [12-16].

Chitin, a polysaccharide of animal origin, can be
obtained from fishing industry waste. This compound
can be deacetylated in chitosan, a non-toxic,
biocompatible, and biodegradable biopolymer, or it can
be hydrolysed into N-diacetylquitobiosis and N-
acetylglycosamine oligomers by micro-aerobic and
anaerobic organisms [17]. The chitosan has various
applications, including as a supporting agent in drugs
or as a vehicle for additive addition, making it suitable
for the packaging sector [18]. Therefore, expanding the
knowledge of chitosan biopolymer degradation rates
would be greatly beneficial, considering its applicability
in many areas. [19] stated that chitosan biopolymers in
the packaging sector are employed as polymeric matrix
coatings or in primary packaging.
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In this context, the present study aims to study the
degradation of chitosan films in samples of common
soil collected from the garden of the Federal University
of Vales of the Jequitinhonha and Mucuri Valleys
(UFVJM), Campus JK (Diamantina, Minas Gerais,
Brazil). Chitosan film samples with and without the
addition of oils extracted from the Mauritia flexuosa L.f.
and Acrocomia aculeata species were buried in the soil
and collected after 30, 60, and 90 days. After each
collection, the solubility, moisture content, and weight
loss of the chitosan films with and without the oil
addition were analysed.

The most important sources of chitin are crab
shells, shrimp, and other arthropods. According to [20-
23], chitin and chitosan are distinguishable by their
varying degrees of deacetylation, chitosan being the
completely deacetylated form of the polymer [24]. In an
aqueous solution, the chitosan biopolymer provides a
positively charged macro ion and is therefore also
known as soluble chitin. In nature, the polymer is
partially acetylated and describes a wide range of
polymers with various proportions of D-glucosamine
and N-acetyl-D-glucosamine residues. Furthermore, it
is decomposable and exhibits good film membrane
formation and biocompatibility functions [25-27]. As a
result of its versatility, the chitosan biopolymer can act
as a vehicle for inserting various additives, including
oils extracted from natural sources. Some examples of
these oils are Mauritia flexuosa L.f. (“buriti”) and
Acrocomia aculeata (“macauba”), which are species of
the Arecaceae family that are rich in monounsaturated
fatty acids and found in the Brazilian Cerrado.

Buriti is a palm of the Arecaceae family found
throughout the Brazilian territory, predominantly in the
biomes of the Amazon and Brazilian Cerrado [28-29],
and is an extremely versatile plant that is classified as
a functional food for both animals and humans due to
its nutritional composition [30]. In folk medicine, the fruit
of buriti is used as a flu treatment and for vitamin A
deficiencies [31-33]. This leads us to believe that buriti
contains  antioxidants.  Furthermore, since its
composition is rich in phenolic compounds [29], the
enzyme polyphenol oxidase could be extracted [34].
Therefore, it is essential to further investigate the
biological activities of buriti pulp and oil [35] and their
potential as sources for new bioactive compounds [36],
[30]. Buriti oil is rich in monounsaturated fatty acids and
is similar to commercial oilseeds, such as olive, canola,
and peanut oils [30]. Due to its phenolic composition,
buriti oil has gained interest for its healing and
photoprotective properties, as well as its use as an

antioxidant or natural antimicrobial [37]. Besides,
materials produced with buriti oil have an improved
plasticizing effect and a greater susceptibility to soil
degradation [38], characteristics that would benefit
applications in the packaging sector.

Macauba arborescent, is part of the Arecaceae
family and reaches over 16 meters in height. They are
typically found in the tropical and subtropical regions of
the Americas and the Brazilian Cerrado [39-41]. This
species is also known for being an oil palm of high
economic value due to its high productivity and the
various uses of its different components [42], giving it
the potential for energetic, socio-environmental, and oil
applications. Its energy application is demonstrated in
briquette production [42], and its socio-environmental
applications include serving as a raw material for food,
pharmaceutical, cosmetic, and biofuel production [43-
44]. Given the lipid-rich composition of both its pulp and
almond [45-48], as well as its employment in light
biodiesel production, it is also suitable as an aviation
fuel component [49]. Mesocarp oil is characterised by a
high content of carotenoids and oleic acid, while pulp
oil only contains approximately 40% lauric acid [50]. It
mainly contains unsaturated triacylglycerols, which are
composed of long-chain fatty acids; in fact, high
proportions of triacylglycerols saturated with medium-
chain fatty acids are observed in the pulp [51-53]. The
oil extracted from the pulp of macauba fruits has
greater thermal stability than the oil extracted from the
seed [54]. This helps maintain its intrinsic oxidative
stability to allow for high-quality pulp oil to be acquired
for industrial purposes [55].

All areas of industry strive to develop durable
materials that are resistant to use that are also
biodegradable [15]. This is difficult to achieve, but
considering the investments of bioplastic companies
[10] and the negative environmental impact of non-
biodegradable plastics and waste generation [56],
biodegradable polymers are a promising prospect.
Besides developing new environmentally friendly
materials, reusing waste to obtain these new materials
is another major industrial process.

As chitosan is extracted from a bio-waste product, it
has a lower cost than that of other biopolymers [57].
Therefore, it can overcome some of the disadvantages
of the original polymers when employed as an
alternative in the packaging industry [58]. Finally, the
environmental concerns regarding the entire production
process of chitosan-based films, from raw material
extraction to the lifetime of the residue after disposal,
are also discussed to find more ecological alternatives
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[22]. because of this, this work aimed at the
development and evaluation of the biodegradability of
chitosan films incorporated with vegetable oils.

MATERIAL AND METHODS

Materials

Quitosana, with 98.15% deacetylation degree, was
acquired from Polymar Industria, Comércio, Importagéo
e Exportacdo Ltda, Glacial acetic acid [C,H,O,]. P.A.
was acquired by Synth (Diadema, Brazil). Chitosan and
acetic acid were obtained and used without further
purification. The buriti oil (Mauritia flexuosa L.f.) was
provided by Family Farmers and Agroextractivists
Grande Sertdo Ltda (Minas Gerais, Brazil; 15° 26'10"S,
44° 40'44"W). The macauba fruits (Acrocomia aculeata
(Jacq.) Lodd. ex. Mart.) were provided by the Basic
Processing Unit of Coco Macauba (UBCM; Riacho
D'antas, Montes Claros, Minas Gerais, Brazil; 16°
25'12"S, 44° 18'36"W).

Extraction of Oil Samples

The oil from the macauba seeds was extracted by
the cold extraction method, where the seeds were
pressed with a mechanical press (Scott Tech). The
crude oil obtained was centrifuged for 15 min at 3,500
rom to separate the impurities. The buriti oil was
supplied (Family Farmers and Agroextractivists Grande
Sertado Ltda) and not obtained via extraction. The fruits
came from the Januaria region (15° 26'10"S, 44°
40'44"W) in the North of Minas Gerais, Brazil.

Chemical Composition of the Oils

The samples  were analysed by gas
chromatography coupled with mass spectrometry (GC-
MS; Perkin Elmer Clarus 560-600 MS, Instrumental
Chemistry Laboratory, Institute of Agricultural Sciences
at UFMG) that was equipped with a silica capillary
column molten DB-5 (30 m length; 0.25 mm internal
diameter; 0.25 pm film thickness) and used a helium
carrier gas. The injector temperature was 260 °C. The

initial column temperature was 100 °C and was
increased to 250 °C at a rate of 10 °C/min, remaining
at this temperature for 40 min. The detector
temperature was 290 °C at the GC-MS system
interface [59]. The mass detector was adjusted to
operate with electron impact ionisation (70 eV) and to
scan a mass range of 30 to 600 Da. The identification
of the compounds was carried out by comparing the
mass spectra of the samples with those of the known
compounds existing in the device database. Literature
data and standard samples were also used. For
quantitative analysis, the GC-MS apparatus was
calibrated with reference compounds that represented
the main compound classes present in the samples.

Formation of Chitosan Films (CF), CF Containing
buriti Oil (CFB), and CF Containing macauba Oil
(CFM)

Three formulations of chitosan biopolymer films
were produced (Table 1): a standard solution
containing 2% chitosan, another containing 2%
emulsified chitosan and 2% buriti oil, and the third
containing 2% emulsified chitosan and 2% macauba
oil. The standard, filmogenic chitosan solution was
prepared by dispersing 2% chitosan (by mass) in 97mL
of an aqueous acetic acid solution under continuous
stirring for 1 h. The stoichiometric amount of acetic acid
was calculated from the weight of the sample,
considering the degree of acetylation of the chitosan
(DA = 18%), to obtain the protonation of all NH;
groups. The solution was stirred until the biopolymer
chitosan was completely solubilised.

The standard, filmogenic solution was then
emulsified at 60 °C in a mechanical stirrer (Fisaton
Mod.713D, Séo Paulo, Brazil) at 5,000 rpm for 10 min
to give a standard, film-forming solution. The standard
solution was distributed in disposable petri dishes and
dried in a laminar flow chamber (40 °C) for 24 h. After
this period, the chitosan films (CF) were collected.
Buriti oil, extracted by the cold pressing method, was
added to the standard, filmogenic solution, which was
then emulsified by the same process as the CF, to give

Table 1: Composition of Films and Corresponding Nomenclature

Nomenclature CF CFB CFM
Water / mL 97.00 95.00 95.00
Chitosan/ g 2.00 2.00 2.00

Acetic acid / mL 1.00 1.00 1.00
Buriti oil | g - 2.00 -

Macauba oil | g - - 2.00
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the CF containing buriti oil (CFB). Similarly, macauba
oil, extracted by the cold pressing method, was added
to the standard, filmogenic solution and emulsified to
give the CF containing macauba oil (CFM), (Figures
3a, 3b, and 3c)).

After their preparation, the films were subjected to
visual analysis, and their thickness and moisture
content were determined, as well as their overall degra-
dability in soil. After each collection, moisture content
analysis was also performed on the soil samples.

Water Solubility Analysis

The analysis was performed according to [60],
where the samples were cut (1 cm x 2 cm) and then
stored under UR = 0% for 7 days. After this period, the
samples were submerged in 80 mL of water at room
temperature under continuous agitation (200 rpm) for 1
h, after which the samples were collected and dried (60
°C) until a constant weight was maintained. The
measurements were performed in triplicate, and the
solubility results were expressed as a percentage
according to Equation (1).

e SWiicial = Swﬁnal
Solubility (%) = —————"
peso

(1)

inicial

Here, solubility (%) is the percentage of sample
solubility, Swinicia is the starting weight (initial dry
sample weight-before the samples is submerged in
water), and Swypg is the final sample weight (after the
sample constant weight when the sample is exposed to
drying under 60 °C).

Moisture Content Analysis — Film Samples

The moisture content was determined for samples
CF, CFB, and CFM according to the standards [61-62].
The tests were performed in triplicate and the samples
were weighed until they maintained a constant weight.
The results are expressed as a percentage according
to Equation 2.

(D), =

M -M
u s % 100
e 2

s

Here, (%)U,s is the moisture content concerning the
dry base, M, is the wet mass of the specimen, and M;
is the dry mass of the specimen.

Degradability Analysis

The biodegradability analysis was performed by
gravimetry where the samples of CF, CFB, and CFM

films were cut into squares (1 cm x 1 cm), distributed in
nylon bags (1 g per bag), and then buried in soil
collected from the UFVJM vegetable garden. The
analyses were performed on the samples during
collections performed at intervals of 30, 60, and 90
days, where weight loss was calculated according to
[63], as illustrated in Equation 3.

WI (%) = (W1-W2)%100 (3)

Here, WI (%) is the weight loss percentage, W1 is
the initial weight of the film samples, and W2 is the
weight of the film samples after being stored in the soil.

RESULTS AND DISCUSSION

Chemical Composition of buriti and macauba Oils

The dry mass of the buriti mesocarp has an oil
content of 42% [64]. Buriti oil contains saturated fatty
acids, such as palmitic and stearic acid, and
unsaturated fatty acids, like palmitoleic and linoleic acid
(Figure 1 and Table 2). However, oleic acid is the most
prevalent fatty acid within the oil (70%). Oleic acid is
one of the most consumed fatty acids worldwide and
provides health benefits. Buriti oil is similar in terms of
fatty acid composition to other oilseeds of great
commercial value, such as olive, canola, and peanut
oils [30], [64]. The oil content in the almonds of
macauba fruits is slightly higher (55-60%) than that in
the pulp (50-55%) [65]. Saturated laurate (C 12:0),
myristate (C 14:0), and palmitate (C 16:0) esters
predominate in this oil (Figure 2, Table 3).

1,4x10" 1
1,2x10" 4
1,010
8,0x10" 4

6,0x10" 4

Abundance

4,0x10" 4

2.0x10" ‘

5 10 15 20 25
Retention time (min)

Figure 1: Fatty acid profile Buriti oil.

Oxidative stability is lower when there is a greater
number of unsaturated esters present; therefore, the
higher percentage of saturated esters in the macauba
oil suggests that this oil and biodiesel from macautba
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Table 2: Chemical Composition of Buriti Oil

Peak ™ Compounds Area Area (%)
1 10.206 methyl tetradecanoate 1842274 0.08
2 12.421 methyl pentadecanoate 1524743 0.06
3 14.098 (Z)-hexadec-9-methyl enoate 1869194 0.08
4 14.201 (E)-hexadec-9- methyl enoate 7472080 0.31
5 14.741 methyl hexadecanoate 646355026 26.72
6 16.410 (Z)-heptadec-9- methyl enoate 1750063 0.07
7 16.963 methyl heptadecanoate 2840519 0.12
8 18.459 (9Z,122)- methyl-octadeca-9,12-dienoate 39743073 1.64
9 18.673 (E) and (Z)- octadec-9-methyl enoate 1603865525 69.29
10 19.208 Methyl Octadecanoate 91109812 3.77
11 22.951 (Z) -methyl-9-metla enoate 18463236 0.76
12 23.599 methyl icosanoate 2559135 0.11

*Time retention (min.)

must exhibit good oxidative stability [66]. The
filmogenic matrix formation, homogeneity, and colour of
the CF, CFB, and CFM samples were analysed, as well
as their degradation in soil. The CF was a yellowish
colour and transparent, the CFB was a mustard yellow
colour, and the CFM were a yellowish/opaque colour
(Figures 3a, 3b, and 3c). Furthermore, all three films
formed homogeneous filmogenic matrices.
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Figure 2: Fatty acid profile Macauba oil.
Solubility Analysis

The solubility analysis was performed according to
methods of [60], where it was possible to verify
differences between the samples. The percentage of
water solubility for the CFM samples was
approximately twice as high as those of the CF and
CFB samples (Table 4).

Other authors have verified that the biodegradation
of most films containing 1% and 2% of chitosan (by
mass) occurred in soil over 5 to 7 days, and the rate of
biodegradation increased significantly when the soil
moisture was around 50% [67]. [68]. Reis et al. (2013)
[68], also studied soil degradability. In their study,
weight loss between film samples containing the only
chitosan was compared to samples of emulsified films
of chitosan and palmitic acid. During the experiment, it
was observed that the film samples containing the only
chitosan, presented marked weight loss, which may be
related to the solubility of the biopolymer [68].
According to [67], when subjected to gravimetric
analysis, chitosan films show considerable weight loss,
which occurs as a result of chitosan degradation, not
because of its dissolution in a humid environment.

Moisture Content Analysis — CF, CFB, and CFM
Samples

The temperature and relative humidity play an
important role in the activity of microorganisms that can
bind and degrade biomaterials [8]. Therefore, the rates
of chitosan degradation in the different soils, the effects
of chitosan on various organisms, and the
physicochemical properties of the soils must be
investigated [69]. As shown in Table 5, storage
conditions such as time, temperature, and moisture
content can modify the characteristics and affect the
properties of chitosan films [70]. Therefore, because of
these effects and the sensitivity of chitosan film
degradation to moisture content [71], it is important to
evaluate the moisture content of chitosan films.
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Table 3: Chemical Composition of Macauba Oil

Peak T Compounds Area Area (%)
1 6.348 Methyl dodecanoate 1842274 0.08
2 10.263 Methyl tetradecanoate 1524743 0.06
3 14.761 Methyl hexadecanoateHexadecanoa 1869194 0.08
4 18.508 (methyl octadeca-9,12-dienoate 7472080 0.31
5 18.688 Octadec-9-methyl enoate 646355026 26.72
6 19.268 Methyl octadecanoate 1750063 0.07

“Time retention (min.)

a b c

Figure 3: Photographs of (a) the chitosan (CF) films, (b) the CF emulsified with buriti oil (CFB), and (c) the CF emulsified with
macauba oil (CFM).

Table 4: Average Solubility (%) of Samples CF, CFB e CFM

Samples Solubility (%)
CF 2.22°
CFB 2.11°
CFM 4.37°

**The means in the same column with significantly different envelopes (p< 0.05) according to the Tukey test.

Table 5: Moisture Content (%) of Samples CF, CFB e CFM

Storage time (time)
Samples
30 60 90
CF 19.20° 40.34° 54.78°
CFB 7.26° 29.03° 35.32°
CFM 7.63° 44.83° 93.86°

““The means in the same column with significantly different envelopes (p< 0.05) according to the Tukey test.

Amaral et al. (2017) [72] reported a study on the
diffusion process of chitosan films with the addition of
oils from the Arecaceae family, where they concluded
that the diffusion coefficient was statistically different

between the CF, CFB, and CFM samples. They
predicted this may be associated with the formation of
matrices with small micropores that facilitate the
passage of moisture. Furthermore, [68] developed
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chitosan films with the addition of fatty acids that
exhibited reduced water vapour permeability [73]
carried out studies using a foliar application of different
chitosan doses in corn plants subjected to water deficit,
where they observed behavioural responses similar to
those of plants under favourable conditions of irrigation.
According to [74], chitosan induces mechanisms
against various biotic stresses, such as those caused
by fungi, bacteria, and insects, and promotes the
formation of protective barriers that increase plant
productivity and stimulate physiological responses to
water deficit tolerance.

Pastucha (2008) [75] evaluated chitosan application
in different stages of soybean plant development and
observed that when chitosan was applied to seeds,
seedlings, and early flowers, there was greater
efficiency in inhibiting infections compared to when the
chitosan was only applied in the period of soy
development. According to [64], this result may be
because the treatment of seeds with chitosan activates
biochemical mechanisms of resistance, which was
expressed by the increase in enzymatic activity
involving chitinases and B-1,3-glucanases.

The CFB samples showed the lowest moisture
content out of the three samples (Table 5). Based on
this, we assumed that there were interactions between
the buriti oil and the chitosan biopolymer. This
combination of the oil and chitosan likely formed a
moisture barrier that allowed for the low moisture
content. This evidence shows that these films deserve
further investigation for their possible application in the
packaging sector.

Biodegradability Analysis

Organisms that are naturally found in the soil,
commonly called the microbial community, consist of
various, heterogeneous populations that are difficult to
uniformly sample. Therefore, some parameters of the
biodegradability studies should be re-evaluated in
greater detail. If chitosan biopolymers are to be used in
packaging, their biodegradability upon disposal in soil

and landfills should be evaluated. This was achieved
through biodegradation tests, which simulate the
disposal of these materials in the soil. One test
simulates the degradation of these materials in
common soil, where it was possible to measure or
predict many microorganisms capable of using these
materials as a substrate. This would result in the
consumption of the material by the microorganisms,
which would be a positive response as it implies the
possibility of this alleged packaging material being
biodegradable.

We observed that the CFB samples showed greater
weight reduction during the collections performed after
30, 60, and 90 days (Table 6). This can be attributed to
the plasticising characteristic of buriti oil, as it presents
a percentage of degradation (X%) higher than those of
CF and CFM samples, 90 % and 60%, respectively. A
similar result was obtained by [68] using chitosan film
samples with palmitic acid (16:0) and stearic acid
(18:0).

Buriti pulp oil has high percentages of oleic (18:1),
linoleic (18:2), and linolenic (18:3) unsaturated fatty
acids and low percentages of saturated fatty acids [76].
Unsaturated fatty acids are more unstable and
therefore more susceptible to oxidation, which
supposedly explains the greater degradability of CFB
samples, compared to that of CF and CFM samples.
Hence, it can be inferred that the high degradation of
the CFB samples may also be related to the availability
of nutrients present upon their disposition in the soil, as
well as their potential to serve as a substrate for the
soil microbial community and other organic matter.

Wild et al. (2019) [77] concluded that the
decomposition of organic matter present in the soil is
interactively controlled by several mechanisms,
including the balance between the availability of carbon
versus nitrogen. However, more in-depth studies are
needed to understand the carbon and nitrogen cycle on
an ecosystem scale [77], especially when considering
the use of CFB in packaging.

Table 6: Percentage of Degradation in Soil-Samples CF, CFB and CFM

Storage times (days)
Samples
30 60 90
CF 1.23° 10.40° 14.50 °
CFB 1.67° 8.53" 16.00°
CFM 0.83° 9.27° 9.57 °

**The means in the same column with significantly different envelopes (p< 0.05) according to the Tukey test.
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The availability of carbon and nitrogen in the soil
depends on the decomposition of soil polymers, such
as lignin, chitin, and proteins, which represent the
largest fraction of carbon and nitrogen in the soil and
are too large for immediate absorption by plants and
microorganisms. Microorganisms can adjust the
production of enzymes targeting different polymers to
optimise the balance between the availability of and
demand carbon and nitrogen [77]. This commonly
occurs in the rhizosphere, the region of the soil where
the highest concentrations of carbon and nitrogen are
found in the microbial community, given the availability
of nutrients and the quality of substrates. Considering
the chitosan biopolymer composition, it is suggested
that this effect is similar. As chitin is difficult to degrade
because of its physicochemical properties, some
organisms contain a large repertoire of chitinolytic
enzymes for more effective degradation. These include
actinomycetes, streptomycetes, and soil saprophytic
bacteria among others [78-80], in their work on
degradability, observed an increase in the development
of actinobacteria in soil that were subjected to a
chitosan biopolymer energy source.

Mostafa et al. (2010) [8] observed no weight loss of
plastic films during their degradation in sandy soil, but
the weight of the chitosan film was reduced significantly
(up to 16%) after two months and reached 100% after
four months [81] measured the rate of chitosan
degradation by burying nylon nets imbued with
chitosan flakes (1% by weight) and measured the
weight of the remaining chitosan flakes in the nets after
180 days. The weight of the chitosan flakes had
decreased by 60% by the end of the experimental
period.

According to [17], the presence and rate of
microorganism activity in the soil can affect the
chitosan degradation capacity when subjected to
degradation studies in different soils. [38] compared the
use of glycerol and buriti oil as plasticisers in blends of
polystyrene (PS) and thermoplastic starch (TPS). They
concluded that PS/TPS blends with glycerol degraded
after a greater number of stages and at higher
temperatures than those produced with buriti oil,
suggesting that buriti oil produces more thermally
stable blends when used as a plasticiser for starch.
Therefore, the materials produced with buriti oil present
a better plasticizing effect and a greater susceptibility to
soil degradation than blends produced with glycerol.
Furthermore, it is important to emphasise that macauba
seed oil has a higher percentage of saturated fatty
acids than that of buriti oil (Figures 4 and 5).

Degradation of films
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Figure 4: Graph of sample degradation (CF); (CFB) e (CFM).
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Figure 5: Graph of the moisture content of the samples (CF);
(CFB) e (CFM).

CONCLUSION

The fabricated CF, CFB, and CFM samples showed
statistically significant differences in their solubility,
moisture content, and degradability in soil, which were
all analysed by gravimetry. These differences were
more pronounced for CFB samples, which, because
they had a lower moisture content in all collection
times, also showed twice less solubility when
compared to CFM samples and, in parallel, in soil
degradability analysis, CFB samples showed greater
weight reduction during the collections performed in the
periods of 30, 60 and 90 days. The CFB samples
showed a percentage of degradation (X%) higher than
that of the CF and CFM samples, in the order of 90%
and 60%, respectively. This fact shows the greater
interaction of buriti oil as a plasticizer. However, to
provide more concise and targeted evidence, further
studies are needed on the applicability of using
chitosan films and oils from species of the Aracaceae
family (Mauritia flexuosa L.f. and Acrocomia aculeata)
in the packaging sector.
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APPENDIX

Symbol Definition

Solubility (%)

Percentage of sample solubility

SWinicial = Initial sample weight

SWrinal = Final sample weight

(%) Ups = Moisture content in relation to the dry
base

M, = Wet mass of the specimen

M; = Dry mass of the specimen

Wi (%) = Weight loss percentage

w1 = Initial weight of the film samples

w2 = Weight of the film samples after being
stored in the soil
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