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The present research aimed to obtain a bioplastic made of Manihot esculenta (cassava) and Ficus benjamina.
For this purpose, the residual lignocellulose of Ficus benjamina was mechanically conditioned until obtaining a
particle size lower than 180 um. There were elaborated samples of cassava starch bioplastic as blank test
(BPY) and samples of cassava starch bioplastic with lignocellulose proportions of 12.59% (BPL5), 17.65%
(BPL6) and 22.22% (BPL7). The average results of tensile strength evaluation of the BPY, BPL5, BPL6 and
BPL7 samples were 9.9, 14.6, 14.8 and 15.7 Kpa, respectively. The BPY sample provided a higher elongation
percentage with an average value of 13.59%. As for the biodegradation by gravimetric method for 5, 10 and
20 days, better results were evidenced for the BPL7 sample, with percentages of weight loss of 17.45, 27.08
and 48.69%, respectively. Finally, it is concluded that the bioplastic based on cassava and Ficus benjamina
could be established as a favorable ecological alternative to be used in food products due to its good
properties of resistance and favorable biodegradation.

1. Introduction

Currently, the large generation of plastic waste is causing various environmental problems, critically affecting
both ecosystems and human health (Memon et al., 2019). From 1950 to 2015, an estimated total of 6.30
billion tons of plastic waste was generated, with only 9% recycled, leaving more than 80% to accumulate in
landfills or in the natural environment (Brooks et al., 2018; Liang et al., 2021). In 2016, the world generated
242 Mt of plastic waste (Kaza et al., 2018). Already, by 2018, the world production of microplastics reached
almost 360 million tons, being 2.01 million tons of bioplastics, which represents 0.56% of the world plastic
production (Jogi and Bhat, 2020). Plastic waste has attracted great attention around the world and various
management and evaluation methods have been used in the management of plastic waste (Aziz et al., 2020;
Koch and Mihalyi, 2018; Liang et al., 2021). For this reason, biodegradable starch-based polymers are being
investigated as substitutes for common plastics; However, these polymers have low mechanical properties
(Alarcon and Arroyo, 2016; Encalada et al., 2018), and the improvement of these bioplastics is the object of
study.

Cassava is considered a staple food present as a basic resource in millions of families after wheat, corn and
rice (Garcia et al., 2014; Pérez et al., 2019; Brenes, 2017; Chandrasekaran et al., 2017; Suarez and Mederos,
2011). Cassava starch is a raw material not only in food but also in the textile industry, the paper industry,
processed foods and in the composition of bioplastic (Cortés et al., 2015). At the molecular level, starch is
made up of amylopectin and amylose, the first considered main component is a branched molecule while
amylose has a linear structure (Acevedo-Estupifian et al., 2015; Cortés et al., 2015; Villarroel et al., 2018).
Ficus benjamina, considered an ornamental plant that belongs to the Moreceae family, has arboreal growth,
fallen branches, and glossy greenish leaves (Shah et al., 2017). This tree can measure between 4 and 8 m in
height, and is found in Southeast Asia, India, Malaysia, northern Australia, America and certain countries in
Europe (Mukhtar et al., 2018; Mumtaz et al., 2018). Lignocellulose is the primary compound of biomass and
approximately half of the matter generated by photosynthesis. The polymers that make up lignocellulose at the
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molecular level are cellulose, lignin and hemicellulose (Rodriguez et al., 2017). Bioplastics have this name
because they are biodegradable and because they are made of a biological base (Bioplastics European,
2020). These differ from conventional plastics due to their chemical structure, which allows degradation by
bacteria and fungi that transform these polymers into methane, biomass, carbon dioxide and water
(Rodriguez, 2012). On the other hand, bioplastics allow the reduction of the volume of plastic compounds,
minimize the cost in terms of handling these wastes and can increase soil fertility (Tokiwa et al., 2009). This
research aims to obtain a bioplastic made of Manihot esculenta (cassava) and Ficus benjamina as an
ecological alternative for food products.

2. Materials and methods
2.1 Raw material

Cassava starch, glycerol as plasticizer, acetic acid with a concentration of 3-5% and distilled water were used.
The residual lignocellulose of Ficus Benjamina was obtained as a result of the maintenance activities of green
areas in the city of Lima, Peru. To do this, all the material was cleaned, ground and dried at 35°C for 9 hours,
to then be crushed with a mortar and sieved until obtaining a particle size of less than 180 ym.

2.2 Manufacture of bioplastic

7 g of cassava starch was weighed and in a beaker it was mixed with 1 mL of acetic acid, 1mL of glycerol and
50 mL of distilled water. Subsequently, the doses of lignocellulose (1 g, 1.5 g and 2 g) were added for each
sample and it was stirred until the compound was homogenized at a temperature of 70 °C. Next, the obtained
product (bioplastic) was spread in a glass mold to be dried at room temperature (23 °C) for 24 hours. After
drying, the samples were removed from the mold for subsequent analysis of elongation, traction and
biodegradability. It should be noted that a cassava bioplastic sample was made as a blank test to evaluate it
with cassava starch bioplastics that contained lignocellulose (see Table 1).

Table 1: Components of bioplastic samples

Sample Code ResiQuaI Iign.()celllulose % cassava % mass . Rate
of Ficus benjamina (g) mass  starch (g) lignocellulose/starch

blank BPY 0 0.00 7 100.00 0/7

1 BPL5 1 12.50 7 87.50 17

2 BPL6 1.5 17.65 7 82.35 1.5/7

3 BPL7 2 22.22 7 77.78 217

2.3. Elongation and tensile strength tests

Elongation and tensile strength tests were performed by the physical method using ASTM D882 as a
reference, and were performed continuously to guarantee the method. For the evaluation of the elongation
percentage, bioplastic specimens with dimensions of 13 cm in length and 2 cm in width were used, and force
was applied by means of the equipment Ferton Professional MQP120 20TON and digital dynamometer until
reaching the imminent point of traction. The calculation of the percentage of elongation was determined by
Equation 1.

(Final length —initial length)

— x100 (1)
Initial length

Percent elongation (%) =

For the tensile strength test, a force was applied until the specimen broke (maximum tensile stress), and it
was calculated using Equation 2.

Applied force @)
Initiadl area

Tensile stress =

2.4. Evaluation of biodegradability

For the evaluation of biodegradation, the gravimetric method was used. For this, bioplastic specimens with
dimensions of 2 cm wide by 2 cm long were used. These cassava starch bioplastic test tubes (blank tests) and
cassava starch bioplastic test tubes with dosed lignocellulose. These test tubes were weighed and introduced
into garden soil (pH = 6 and% H = 11.85%) at a depth of 10 cm for 20 days, since the highest activity by
microorganisms occurs in the first centimeters of the soil (Paolini, 2018). Every 5 days, the samples were
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unearthed, cleaned and placed in a desiccator for 30 minutes for subsequent weighing. Biodegradation was
evaluated following Equation 3.

Initiad dry weight - fina dry weight

Weightloss (%) =
g ) Initial dry weight

@)

3. Results and discussion
3.1. Bioplastic samples

The BPL1 no form bioplastic and BPL2, BPL3 and BPL4 have weak consistency and break easily. The BPLS5,
BPL6 and BPL7 have high consistency and not break easily. For these reasons, only BPL5, BPL6 and BPL7
were considered in this research. The bioplastic samples were made according to the proportions indicated in
Table 1. Figure 1 shows the bioplastic samples made from cassava starch and residual lignocellulose.

d)

Figure 1: Bioplastic samples: a) BPY, b) BPL5, ¢) BPL6 y d) BPL7

3.2. Elongation and tensile strength tests

The results of percentage elongation (Figure 2a) showed a maximum value (13.59%) for the BPY sample that
contained 7g of cassava starch. The other BPL5, BPL6 and BPL7 samples showed values of 4.36, 3.08 and
1.79%, respectively. This indicated that the percentage of elongation decreased as the content of
lignocellulose increased in the sample. Alarcon and Arroyo (2016) reported increases from 13.97% to 33% in
the percentages of elongation in biopolymers with additives from Chitosan and Xathan; however, the
maximum tensile force was low with a value of 8.47 N for its best sample. While in the results of tensile
strength (Figure 2b) the opposite was observed, indicating that the increase in the content of lignocellulose of
Ficus benjamina increased the tensile strength of the bioplastic samples, obtaining a maximum value of 15.7
KPa for the sample BPL7 containing 22.22% residual lignocellulose.

- 13.59 a b
£ 14.00 16.0
& 12.00 g 140
8 x
s 10.00 = 12.0
S 800 & 100
g o0 g 80
o X
2 3 08 % 60
5 400 1 79 % 40
§ 200 S 20
= 0.00 0.0
1250 17.65 22.22 12.50 17.65  22.22
BPY  BPL5 BPL6  BPL7 BPY BPLS BPLE BPL7
Lignocellulose mass percentage (%) Lignocellulose mass percentage (%)

Figure 2: Relation between Lignocellulose mass percentage with elongation percentage and tensile strength.
a) Average elongation percentage of bioplastic samples, and b) Average tensile strength of bioplastic
samples.
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According to the results obtained in Figure 2b, a mass percentage of 22.22% of lignocellulose in the bioplastic
increases the tensile strength up to 58.59% with respect to the cassava starch bioplastic (BPY). A similar
result was reported by Jaafar (2018) in the production of a tapioca bioplastic, increasing the tensile strength
up to 42% with the addition of 30% pineapple leaf fiber. Prachayawarakorn and Hanchana (2017) and
Gonzalez et al. (2018) also reported better tensile strength results when using 30% Neem sawdust and 15%
wood sawdust in the composition of their biopolymer, respectively. On the other hand, Espina et al. (2016)
indicated that the optimal concentration of agroindustrial fibers is 15% in starch-based polymers because at
values greater than 30%, the tensile strength of the polymer decreases. Also, Luna et al. (2009) indicated
based on their results that values greater than 15% of fique fiber in the cassava starch biopolymer decrease
the resistance of the product.

3.3. Biodegradability of bioplastic samples

Table 2 shows the average biodegradation of the bioplastic samples that were introduced into the garden soil.
It was observed that the percentage of biodegradation of the bioplastic sample increased when the
percentage of lignocellulose of Ficus benjamina and the contact time in the soil was greater. The maximum
biodegradation value (48.69%) was reached with the BPL7 sample in 20 days of contact in the soil. Other
researchers such as Charro (2015) and Portillo (2017) reported mass losses of 93.13% (t = 20 days) and
8.67% (t = 16 days) in potato starch bioplastic and biodegradable films for Psidium guajava, respectively.
These differences in weight losses are possibly due to the composition of the bioplastics and the contact
medium that were submitted for their biodegradability evaluation because the biodegradability of the bioplastic
depends on the physico-chemical structure of the polymer and environmental conditions such as the Average
pH, temperature, humidity and oxygen content (Jogi and Bhat, 2020).

Table 2: Average percentage of biodegradation of bioplastic samples

Sample Lignocellulose mass Contact time in soil Average of biodegradation
percentage (%) (days) (%)
BPY 0 5.79
BPL5 12.50 5 872
BPL6 17.65 13.96
BPL7 22.22 17.45
BPY 0 10.74
BPL5 12.50 10 14.87
BPL6 17.65 21.89
BPL7 22.22 2708
BPY 0 14.08
BPL5 12.50 15 2293
BPL6 17.65 3322
BPL7 22.22 36.95
BPY 0 22.64
BPL5 12.50 20 3111
BPL6 17.65 41.49
BPL7 22.22 48.69

4. Conclusions

The residual lignocellulose of Ficus benjamina improves the quality of the cassava bioplastic by increasing its
tensile strength and biodegradation. Furthermore, this bioplastic could be projected as a favorable ecological
alternative to be used in food products. Among the most relevant results, it was witnessed that the bioplastic
sample BPY (Ficus benjamina lignocellulose = 0%) had a higher percentage of elongation (13.59%), while
BPL7 (Ficus benjamina lignocellulose = 22.22%) reached a resistance value to the traction of 15.7 KPa and
an average percentage of biodegradability of 48.69% in a period of 20 days, indicating that the hygroscopic
property of lignocellulose could intervene in the acceleration of this degradation process.
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