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The use of plastic straws (straw) has become a habit under the pretext of being a way of caring for health in the
face of the lack of hygiene of the containers that serve food (drinks, juices, etc.), accentuated even more as a
way to avoid contagion of diseases such as COVID 19; This has resulted in the generation of abundant solid
plastic waste that has a negative impact on the contamination of soil and water. Faced with this problem, the
objective was to produce sorbets with biodegradability characteristics from Mangifera indica and Vitis vinifera
shell biomass, taking advantage of their rich content of starch and cellulose. The production method consisted
of testing various doses of shell biomass of the aforementioned species, analysing their physical and mechanical
characteristics, as well as biodegradability, to corroborate it later with a survey of the level of satisfaction of the
elaborated product that obtained the best properties. The results indicated that the Mangifera indica shells had
higher starch content compared to the Vitis vinifera shells; On the contrary, regarding the cellulose content, the
Vitis vinifera husks had a higher quantity, resulting in a harder and more resistant bioplastic. Finally, it is
concluded that biodegradable straws from biomass of Mangifera indica and Vitis vinifera are a significant
solution compared to conventional ones, with the important advantage of being biodegradable in a short time
and their characteristics are similar to plastic straws, to the time they turned out to have a good level of
acceptance by the respondents.

1. Introduction

Over the years, environmental pollution has increased and has a detrimental impact on the quality of soil, air
and water. And one of the most polluting elements is presented through the use of oil in industry, since it
generates various by-products such as plastic, and that in the last 10 years has become one of the
environmental problems to which various international organizations, Oceanographic institutes and world
authorities have become aware, and that during past decades no policies and/or action have been taken to
minimize, avoid or reduce the accumulation of plastic waste in bodies of water such as rivers, seas, oceans,
lakes, wetlands; these volumes of plastic, regardless of size, are deposited, broken down and degraded in the
oceans, representing a risk for marine species, which can ingest them casually and cause choking, cause
entrapment, strangulation, increases mortality and negatively impacts the conservation and reproduction of
organisms, on the other hand through the consumption of fish and shellfish is a danger to humans (lta et al.,
2022). Plastic waste in the form of straws or bottle rings constitutes a risk and can physically harm the different
species residing in the oceans, being able to ingest it or enter the nostrils of marine fauna.

About 5 billion bags a year are used throughout the world, that is, almost 10 million per minute, of 8 million are
disposed of in the sea (MINAM, 2021). Projections affirm that by the year 2030 about 53 million tons will be
discarded into the ocean, that is, three times what was emitted in 2016 (Ita et al., 2022), and with the same
pattern of generation and use, by 2050. the amount of plastic will be greater than that of fish in the ocean (Ellen
Macrthur Foundation, sf), 99% of fish will have ingested plastic particles, 15% of species harmed by ingestion,
entrapment or strangulation with plastic garbage will be in danger of extinction. Plastic has been dispersed in
many places, plastic bags have been found on Everest peak, in the polar ice caps and deeper places in the sea,
in 2017, a "Plastic Island" of about 2.6 million km2 (almost twice the Peruvian territory) was discovered in the
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middle of the ocean off the coasts of Peru and Chile. In Peru, the average use of plastic is of 30 kg/person and
in the city of metropolitan Lima and Callao, 886 tons of plastic waste are produced daily, which means 46% of
the total waste in the entire country (MINAM, 2021). To counteract this situation, the world's leading authorities
have given greater impetus to laws and regulations related to the disposal of solid waste and prevent it from
being disposed of in bodies of water. In Peru, the reason why plastic waste ends up in rivers, lakes, Knoch and
Mihalyi (2018) in their article mention that the use of bioplastics is a great start for improvement to mitigate
global warming, in addition to using plastics based on renewable sources that do not generate large-scale
environmental impacts unlike conventional plastics.

Alarcon and Barrantes (2019) carried out a study on the perception of consumers of the use of biodegradable
materials, finding that the purchasing power of consumers was not decisive when choosing the use of these
biodegradable products, so that consumers if they are aware of the harmful impact generated by the use of
common polyethylene plastic.

Research proposes alternatives for the manufacture of degradable bioplastic bags from banana peel, with more
resistant physical and mechanical characteristics than conventional bags, with a degradation time of 8 weeks
(Huzaisham & Marsi, 2020). The manufacture of bioplastic from common domestic fruit peels (banana, orange,
avocado and lemon) mixed with glycerine (plasticizer), cornstarch, vinegar and water as solvent has also been
tested, the result was a more resistant and more biodegradable material. than common plastics (Del campo et
al., 2020). Siti et al. (2020) elaborated bioplastic from residues of cocoa pod husks and sugar cane bagasse,
with efficacy characteristic in food preservation, promotes sustainable economic development due to the added
value of the different materials through by-products. In an investigation carried out by Sernaqué et al. (2020)
analyze the biodegradability of bioplastics made from Mangifera indica (mango) and Musa paradisiaca (banana)
peels, based on the assumption that for degradation to occur, the molecules have to break their crystalline
structures, and this is influenced by exposure to environmental factors, for this specific case, earthworm humus
was used as a degradation medium, 93.06% and 73.16% reduction in its initial weight in 4 weeks, determining
that glycerol has a direct relationship with the biodegradability of bioplastic sheets.

Huang (2020), elaborated biodegradable sorbets using vegetable fibers and a polymer as raw material, verifying
that they biodegraded much more easily, indicating as advantages not containing petrochemical substances or
any silica, it can be eliminated in the subsoil and form part of the environment without any damage. In this
panorama, the enormous amounts of food waste that come from different sources, and that can constitute a
danger if not disposed of properly, can be used and add value with the production of biodegradable plastics with
environmental advantages and lower cost (Tan et al., 2019). Taking into account the high volumes of plastic as
waste and the negative impact that it already has and worsens as time goes by, it is necessary to develop and
improve techniques and methods for the production of biodegradable products, including straws that are widely
used for considerations. of hygiene and that can replace the use of plastics whose origin is petroleum, for which
the objective of the research was the elaboration of sorbets from bioplastic sheets obtained from organic fruit
waste, specifically from the peel of Mangifera indica (mango) and Vitis vinifera (grape), determining the
biodegradation time, physical and mechanical properties of these biodegradable straws.

2. Materials and methodology

The procedure for obtaining bioplastic from the shell of Mangifera indica and Vitis vinifera was carried out in four
stages. The organic residues used as inputs were obtained in the amount of 2 kg that corresponded to Mangifera
indica and Vitis vinifera shells.

Stage No. 1: Obtaining the biomass from the shell of Mangifera indica and Vitis vinifera

The peel of Mangifera indica (mango) has bioactives such as carotenoids, flavonoids, pectin, polyphenols,
anthocyanins, mangiferin, dietary fiber, polyunsaturated fatty acids (Garcia-Mendoza et al., 2015), the peel of
Vitis vinifera (grape) contains phenols and flavonoids (Tsang et al., 2019). The pretreatment to obtain the
biomass to be used in the preparation of the sorbets is detailed in figure 1.

STAGE N21: OBTAINING Peeling of the fruit ]
THE HUSK OF and placement of Chopped mango Blending of mango bt
MANGUIFERA INDICA the peel in the or grape peels into peels or chopped Tirg
small pieces grapes the mass

AND VITIS VINIFERA container

N

Addition of distilled water

Figure 1: Obtaining shell from Mangifera indica and Vitis vinifera.
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Stage No. 2: Manufacture of bioplastic sheets from Mangifera indica and vitis vinifera shell biomass
The bioplastic sheets were made, following the details indicated in Figure 2. The grinding process (liquefied) is
done for 2 minutes. The bioplastic sheets were prepared and dried at room temperature for 3 days. See Figure
3

This is so that the amylopectin Glycerin works as a
is consumed, which allows a plasticizer, making the
good plasticization of the bioplastic more
bioplastic. consistent and elastic.
Addition of distilled water
STAGE N22: / \
ELABORATICN OF . N
BIOPLASTIC FROM Adding cornstarch anﬂarch Addition of gfvcenn
— to a beaker solution and mix and dissolution of
MANGIFERA INDICA with white vinegar the mixture
SHELL AND VITIS

VINIFERA

Addition of lemon sum

y
{ Mango or grape 1 The solution is
Mass Acquisition heatedto a

;} peel noathic with temperature close to
752C

Using a straw as a mold

Collation of the
dough in the mold

y
The purpose of reaching this
temperature is to accelerate the
reaction between the vinegar and
the amylopectin, as well as for the
water to evaporate.

Figure 2: Elaboration of the bioplastic from the shell of Mangifera indica and Vitis Figure 3: a)

vinifera Mangifera indica
and b) \Vitis
vinifera

bioplastic sheets

Stage No. 3: Elaboration of Mangifera indica and Vitis vinifera shell sorbets
In the elaboration of the sorbets, cornstarch dissolved in water was used as a natural glue to join the bioplastic
sheets using a mold. See Figures 4 and 5.

STAGE N*3:

ELABORATION OF Adding the PeoNid o the
SORBETS FROM comstarch and " Making a natural
MANGIFERA INDICA AND distilled water ina solution until the e
VITIS VINIFERA SHELLS beaker somcle ichans

Cut into strips of:
Width: &m

Gluing the edges of
the bioplastic strips

Length: 16cm

Using a straw as a mold

Figure 4: Production of Mangifera indica and Vitis vinifera shell Figure 5: Biodegradable Straws
sorbets

Stage No. 4: Physical and mechanical analysis of Mangifera indica and Vitis vinifera shell sorbets
The biodegradable straws were subjected to physical, mechanical and biodegradation analyses, while a
questionnaire on the perception of the use of the straws was carried out. See figure 6.
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STAGE Ned: PHYSICAL AND

BACCHANICAL AMALYSIS OF Straw Results

MANGIFERA INDICA ARND
WIMIS VINIFERA SHELL
SORBETS

Analysis

Characteristics of the _ . | .
shells af Mangifera MdL|I.II'IILH|f Physical f I'l|:s.|'.||.'-|u:|ur||:‘i Bindegradatian
indica and Vits vinifera properties o properties o pefeeption af straws
straws ST

Figure 6: Physical and mechanical analysis of Mangifera indica and Vitis vinifera shell sorbets.

3. Results and discussions
3.1 Characteristics of the peel of Mangifera indica and Vitis vinifera

Table 1 shows the percentage of starch and cellulose, which are the basic components of the plasticity property,
the result indicates that Mangifera indica has a higher percentage of starch than Vitis vinifera. Starch is a
polysaccharide, it is one of the main polysaccharides for the production of bioplastics, cellulose is a biopolymer
present in all plants that needs an element to give it plasticity Katrin and Rajeev (2020).

Table 1: Percentage of starch and cellulose

Starch (%) (Coz;lumse Reference methods
Mangifera indica 4.87A 12.77 Starch: AOAC Official Method 948.02 Starch in Plants
e Cellulose: Songlklanakarin J. Sci. Technol.
Vitis vinifera 1.58 9.67 g

33 (4), 397-404, Jul.-Aug.2011

3.2 Composition of Mangifera indica and Vitis vinifera biodegradable sorbets

After the tests with repetitions in the quantities of components for the elaboration of the sorbets, in Table 2, the
three best compositions are presented for the case of Mangifera indica sorbets, the same proportions were used
for Vitis vinifera sorbets, with the end of comparison.

Table 2: Components for the production of biodegradable straws from Mangifera indica

. Cornstarch \.Nhlte Glycerin Lemon Distilled Qround
repetitions shell (g) © vinegar () juice (ml) Water (ml) Cinnamo
(ml) n(9)
First 200 20 15 30 0 200 0
Second 150 40 10 20 0 350 25
Third 150 40 10 20 two 350 25

3.3 Mechanical properties of Mangifera Indica shell sorbets

Table 3 shows the average of the mechanical properties of traction, elongation and hardness of 5 samples of
straws made, following the reference method ASTM D882 Traction and elongation) and ASTM D2240 (shore A
hardness for soft plastics such as straws). It is observed that the Vitis vinifera sorbets had the highest hardness
due to the low presence of cellulose, which provides greater rigidity (Siti et al., 2020). Figure 7 and Figure 8
show the results of the traction and elongation force tests, which were 5 repetitions represented in different
colors.

Table 3: Mechanical characteristics of Mangifera Indica shell-based sherbets.

Type of straws Pulling force (N) Elongation (%) Hardness
(kg/mm2)
Sherbet based on Mangifera Indica peel 8,862 10.2 10.7

Sherbets based on Vitis vinifera peel 12.04 8.8 43.4
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Figure 8: Tensile strength and elongation of sorbets

Figure 7. Tensile strength and elongation of sorbets based on Vitis vinifera peel

based on Mangifera indica shell

3.4 Physical properties of Mangifera indica and Vitis vinifera sorbets.

Table 4 shows the density, color and humidity of the elaborated sorbets. Regarding humidity, Siti et al. (2020)
maintains that a bioplastic tends to be harder and drier when the cellulose composition is low, because humidity
is linked to the concentration of cellulose in the material, and this is verified through the results obtained.

Table 4: Physical properties of Mangifera indica and Vitis vinifera sorbets

Sorbet Type Weight (g) Density (kg/m3) Colour Humidity (%)
Mangifera indica 5 10000 Dark yellow 66.67
Vitis vinifera 5 10000 reddish purple 60.00

3.5 Biodegradation of Mangifera indica shell sorbets

The biodegradation test was done by burying the straws in fertile soil using glass containers at room temperature
conditions. The sherbet samples were 5 g and it was possible to degrade in approximately 3 weeks, in the
percentages indicated in Table 5. Itis observed that the biodegradation time of the Mangifera indica shell sherbet
is less than that of the shell sherbet of Vitis vinifera, the reason is due to the lower presence of starch that, as
Alarcon & Barrantes (2019) states, starch is the component that facilitates degradation because it is a soluble
element. In the case of Mangifera indica sorbets, in the evaluation made at 7 days, the degradation reached
between 60 and 70%, reaching 100% at 13 days, and in the case of Vitis vinifera sorbets at 7 days it was
between 60 and 80% and at 18 days the degradation also reached 100%, these results are similar to those
found by Sernaqué et al. (2020) that achieved between 93.06% and 73.16% biodegradability for bioplastics from
Mangifera indica (mango) and Musa paradisiaca (banana) in 4 weeks.

Table 5: Biodegradation of Mangifera indica and Vitis vinifera shell sorbets

Biodegradation process weights

0 days 7 days 13 days 18 days . N

Sample cuy (04/01/2021)  (04/07/2021)  (04/13/2021)  (04/18/2021)  Dodegradation %
'”'t'a'(;\)’e'ght Weight2 (g)  Weight3(g)  Weight 4 (g)
1 Mangifera 5 1 - - 80 (in 7 days)
2 indica 5 2 - - 60 (in 7 days)
1 5 3 15 - 70(in 13 days)
Vitis .

2 vinifera 0 4 - 60(in 13 days)
3 5 35 1 - 80(in 13 days)

4. Conclusion

It has been shown that one of the alternatives for the manufacture of bioplastic straws is the use of biomass
based on mango (Mangifera indica) and grape (Vitis vinifera) peels, since the results show the potential of using
of this raw material, which is usually an organic waste generated in domestic and commercial places, resulting
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in mango sorbets (Mangifera indica) degrading in less time. But, as evidenced by the results and the literature,
it is practical and economical to prepare. The biodegradation time of the straws will depend on the dimensions
in thickness, amounts of starch and cellulose used for its preparation, being able to obtain a degradation up to
100% in a short time. It was also evidenced that the presence of organic components provides plasticity-
biodegradation and firmness-hardness, respectively. It was also determined that lower percentages of cellulose
provide strength to the sorbet manufacturing material. The results of the investigation allow us to corroborate
that it is possible to use biomass from certain fruits that are discarded, taking advantage of them in the
elaboration of products with plastic properties, and at the same time contributing to reduce the pollution that the
latter produce in a negative and accelerated way; therefore, bioplastics is an opportunity to improve and protect
the environment.
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