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ABSTRACT

The accumulation of non-degradable conventional plastics and their environmental 
impacts have driven the search for sustainable alternatives. In this study, bioplastic films 
were produced using mango peel extract (MPE) at concentrations of 5%, 10%, and 15% 
(g/100 mL) to characterize their physical, mechanical, and morphological properties, 
as well as evaluate its biodegradability. Using a scanning electron microscope (SEM), 
it was demonstrated that the bioplastic prepared with 15% MPE stood out in physical 
properties (color, ΔE ≈ 10.87), mechanical properties (elongation: 77%; tensile and 
puncture strength: ≈ 2.65 MPa and 1.03 N), and morphological properties (surface 
uniformity and homogeneity). However, the bioplastic with 5% MPE exhibited greater 
biodegradability, achieving 57% decomposition in 28 days, which is faster than that of 
conventional plastics. It was determined that the incorporation of MPE improves both 
mechanical and morphological properties; however, higher MPE concentrations tend 
to decrease the biodegradation rate, which is relevant for applications and formulation 
design. These findings highlight the potential of mango peel-based bioplastics as vi-
able ecological alternatives, with promising applications in various industrial sectors.

Palabras clave: Mangifera indica, subproducto agroindustrial, valorización de residuos, materiales sostenibles. 

RESUMEN

La acumulación de plásticos convencionales no degradables y sus impactos am-
bientales han impulsado la búsqueda de alternativas sostenibles. En este estudio se 
elaboraron películas de bioplástico utilizando extracto de cáscara de mango (MPE) en 
concentraciones de 5 %, 10 % y 15 % (g/100 mL), con el objetivo de caracterizar sus 
propiedades físicas, mecánicas y morfológicas, así como evaluar su biodegradabilidad. 
Mediante microscopía electrónica de barrido (SEM) se demostró que el bioplástico 
elaborado con 15 % de MPE se destacó en las propiedades físicas (color, ΔE ≈ 10.87), 
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mecánicas (elongación: 77 %; resistencia a la tracción y a la punción: ≈ 2.65 MPa y 
1.03 N) y morfológicas (uniformidad y homogeneidad superficial). No obstante, el 
bioplástico con 5 % de MPE mostró una mayor biodegradabilidad, alcanzando el 57 % 
de descomposición en 28 días, lo que lo hace más biodegradable que los plásticos 
convencionales. Se determinó que la incorporación de MPE mejora las propiedades 
mecánicas y morfológicas, pero concentraciones mayores de MPE tienden a disminuir 
la velocidad de biodegradación, lo cual es relevante para aplicaciones y el diseño de 
formulaciones. Estos hallazgos evidencian el potencial del bioplástico a base de cás-
cara de mango como alternativa ecológica viable, con aplicaciones prometedoras en 
diversos sectores industriales.

INTRODUCTION

Concerns over the increasing contamination of 
plastics in the environment have motivated the search 
for sustainable options that help reduce pollution and 
promote the reuse of resources (PNUMA 2021). The 
use of bioplastics made from renewable materials is 
presented as a practical and important alternative so-
lution (Rodríguez et al. 2019). Furthermore, interest 
in evaluating the biodegradation time of bioplastics 
made from agro-industrial byproducts has increased 
considerably (Anugrahwidya et al. 2021, Abu Ubai-
dah et al. 2024, Kharb and Saharan 2024, Jayalath et 
al. 2025, Orizano-Ponce et al. 2025). However, the 
challenge remains of ensuring that the production of 
biodegradable bioplastics is technically and economi-
cally viable compared to conventional plastics (Anli 
Dino et al. 2025, Sultan et al. 2025).

Mango (Mangifera indica L.) is a widely consumed 
tropical fruit that generates a substantial number of 
by-products, mainly seed (9-40%) and peel (7-24%) 
according to Rojas et al. (2015), Oliver-Simancas et 
al. (2021), and García-Mahecha et al. (2023). Corre-
sponding to proximal analyses on a dry basis, mango 
peel has the following chemical composition: moisture 
(66.0-75.0 %), crude protein (1.76-11.67%), crude 
fat (2.16-2.66%), crude fiber (3.28-7.40%, mainly 
pectin, cellulose, and hemicelluloses), mineral ash 
(1.16-3.0%), and total carbohydrates (20.80-31.24%, 
predominantly starch, mainly in the form of amylose 
and amylopectin), as reported by Ajila et al. (2007) 
and Tesfaye (2017). Furthermore, it is a rich source 
of phenolic compounds, carotenoids, vitamin C, and 
vitamin E (Serna-Cock et al. 2016, Farouk 2024). 
These characteristics demonstrate the potential use of 
this residue in producing bioplastic films with favor-
able properties. Additionally, its utilization promotes 
waste valorization under a circular economy approach 
and reduces the environmental impacts associated with 
improper disposal (Siregar et al. 2023).

Currently, studies exploring the use of mango 
peel extract (MPE) in the manufacture of plastic 
films have increased (Chaiwarit et al. 2020, Sernaqué 
Auccahuasi et al. 2020, Nazario-Naveda et al. 2021, 
Farouk 2024, Fong-in et al. 2025, Lastra-Ripoll et 
al. 2025, Wang and Zhang 2025). For example, Fer-
nandez Benavides and Gil Castillo (2023) developed 
a bioplastic with a uniform appearance, a brown 
coloration, and a flexible and resilient texture, mea-
suring 0.45 mm in thickness and 65 mm in diameter. 
These important parameters affect both mechanical 
properties and permeability, as well as the overall per-
formance of the bioplastic. Gallardo and Velazquez 
(2021) reported that their mango peel-based material 
(straw) exhibited a tensile strength of 8.86 MPa, an 
elongation of 10.2%, a hardness of 10.7, with 66.67% 
moisture, and up to 80% biodegradation. In terms of 
morphology, Nazario-Naveda et al. (2021) observed 
that mango peel-derived bioplastic film exhibited a 
surface without cracks, fissures, or voids, which was 
attributed to intermolecular forces of protein chains 
present in the material.

These pieces of evidence suggest that incorporat-
ing MPE into bioplastic production could enhance 
mechanical strength, flexibility, and biodegradability, 
highlighting its potential as an alternative to con-
ventional plastics, particularly in applications where 
sustainability is crucial (Rosenboom et al. 2022). 
Although various studies have explored the use of 
mango peel in bioplastic elaboration, the precise 
concentration that maximizes these benefits has not 
yet been established. In this context, it is essential 
to perform a comprehensive analysis of the physi-
cal, mechanical, and morphological properties that 
determine the quality of this material. 

Therefore, the objective of this research is to 
analyze the effect of different mango peel extract 
concentrations on the physical, mechanical, morpho-
logical, and biodegradability properties of bioplastic. 
The findings are expected to provide solid evidence 
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on the structural viability and biodegradability of 
these materials and to generate relevant informa-
tion to support their positioning and promotion as 
a sustainable and technically viable alternative to 
traditional plastics.

MATERIALS AND METHODS

Procedures for the preparation of bioplastic films 
This study was conducted at the Laboratorio de 

Análisis por Instrumentación of the Escuela Profe-
sional de Ingeniería Agroindustrial at Universidad 
Nacional Hemilio Valdizan and at the Laboratorio de 
Microscopía Electrónica de Barrido (SEM) of Uni-
versidad de Huánuco, both located in Huánuco, Peru.

Obtaining mango peel extract
Two kilograms of mango (Mangifera indica, 

papaya mango variety) were purchased at the whole-
sale market in Huánuco, with a maturity index of 2 
(green). Fruits were classified by variety, ripeness, 
and size, and then randomly selected, excluding 
those that were ripe, damaged, or contaminated. 
After washing with potable water and rinsing with 
distilled water, 400 g of peel (pericarp) were manu-
ally removed. Then, 100 g of chopped pericarp were 
blended with 100 mL of distilled water in a blender 
(Blender Classic, Oster). Commercial corn starch 
(amylose ≈ 28%) and glycerin (≥ 99.5%) were used 
as plasticizers. The mixture was filtered using an 
organza fabric, and the extract was used in the prepa-
ration of bioplastics.

Preparation of bioplastic films with mango peel
In a beaker containing 50 mL of distilled water, a 

magnetic stirrer (MS-H280-Pro, DLAB) was used. 
Mango peel extract was added at concentrations of 
5%, 10%, and 15% (g/100 mL). Additionally, 4 g of 
cornstarch, 4 mL of glycerin, 4 mL of vinegar, and 
0.15 mL of cinnamon essential oil were incorporated, 
with the same concentrations in all treatments, varying 
only the extract (Table I). The control sample (0%) 
did not include extract. Mixtures were homogenized 

at 200 rpm for 30 min at 140 ºC until gelatinization 
(Nazario-Naveda et al. 2021). Each formulation (0-
15%) was poured (15 mL) into Petri dishes, dried 
in an oven (MMM Medcenter, ECOCELL) at 50 ºC 
for 24-48 hours, and then cooled for 3 hours at room 
temperature. The bioplastics were removed and placed 
on parchment paper for physical-mechanical, morpho-
logical, and biodegradability analyses (Fig. 1).

Evaluation of physical-mechanical and morpho-
logical properties of the bioplastic
Physical properties
Thickness

The thickness of the bioplastic was determined 
using the methodology of Oluwasina et al. (2018) 
with a Promeq digital flat-head micrometer (German 
origin), on 2 × 2 cm2 samples. Three measurements 
were taken at different points of each sample.

Density
Density was determined according to ASTM 

D792-20, Standard Test Methods for Density and 
Specific Gravity of Plastics by displacement (ASTM 
2020). Samples of 2 × 2 cm2 were used, recording 
thickness with a Promeq digital flat-head microm-
eter (0-12.7 mm/0.5” × 0.0001 mm/0.00005”), and 
weights with an analytical balance (model HR-
250AZ, Galaxy-A&D, Japan). Density was calcu-
lated using Equation (1):

Density = M
A × D 	 (1)

Where M is the mass (g), A is the area (cm2), and 
D is the thickness (cm).

Moisture
Moisture analysis followed the methodology 

of Oluwasina et al. (2018) with modifications in 
sample size. Samples of 5 × 5 cm2 were weighed 
on an analytical balance and then placed in an oven 
(MMM Medcenter, ECOCELL) at 90-105 ºC for 
24 hours. Afterwards, the bioplastic cuts were placed 
in a desiccator and reweighed. Moisture was calcu-
lated with Equation (2):

TABLE I. BIOPLASTIC FORMULATION BASED ON MANGO PEEL EXTRACT (MPE).

Treatment H2O (mL) MPE (%) Corn-starch (g) Glycerin (mL) Vinegar (mL) Essential oil (mL)

0% (control) 50 0 4 4 4 0.15
5% 50 5 4 4 4 0.15
10% 50 10 4 4 4 0.15
15% 50 15 4 4 4 0.15



P. Barrera et al.210

Moisture (%) =(
W1 − W2

W1 )×  100	 (2)

Where W1 is the wet weight, and W2 is the dry 
weight.

Opacity
Opacity was analyzed according to Oluwasina 

et al. (2018) with modifications using three repli-
cates per sample. Bioplastics of 4 cm × 1 cm were 

measured for thickness with a digital micrometer. Ab-
sorbance was recorded with a Genesys™ UV-Vis 150 
spectrophotometer (Thermo Scientific™, Waltham, 
MA, USA) at 600 nm. Opacity was calculated with 
Equation (3):

Opacity (%) =(
Abs600

x )	 (3)

Where Abs600 is the value of absorbance at 600 nm, 
and x is the thickness of the bioplastic.
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15 ml of sample was
measured in a test tube

Cornstarch weighing

Peeling and scraping of the peel Chopping the mango peels Blending with distilled water Obtaining the sample

MPE Heavy 5 %, 10 %, 15 % Homogenization (30 min) Addition of cinnamon
essential oil (last 4 min)

The measured sample was
placed in petri dishes

Drying for 4 h at room
temperature

Placed on parchment paper

Mechanical properties Morphological properties Biodegradability test

Fig. 1. Scheme of the preparation and evaluation process of mango peel extract-based bioplastic films.
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Solubility
Solubility analysis followed the method of Whan 

et al. (2007) with slight modifications. Samples 
(2 × 2 cm2) were oven-dried at 105 ºC for three 
hours, cooled for 10 minutes in a glass desiccator, and 
weighed (W0). Then, they were immersed in 40 mL 
of distilled water in covered beakers for 24 h. Undis-
solved fractions (W1) were dried again (3 h at 105 ºC), 
cooled, and reweighed. Solubility was calculated 
with Equation (4)

Solubility (%) =
(

W0 − W1
W0 )

× 100	 (4)

Where W0 is the initial dry weight, and W1 is the 
undissolved dry weight.

Color
Color was analyzed with a colorimeter (CR-400, 

Konica Minolta, Japan). Samples were 90 mm in 
diameter, with four measurements per sample 
(Ferraz et al. 2023). Results were expressed in the 
Cielab system (L*, a*, b*). The color difference 
was determined using Equation (5) (Hernández et 
al. 2016).

ΔE*  = (Lstandard−  L )2+(a* − a* )2+(b* − b* )2 sample standard sample standard sample 	 (5)

Where L* is brightness, a* is red/green (a+ red, 
a– green), and b* is yellow/blue (b+ yellow, b– blue).

Mechanical properties 
Tensile strength, elongation, and traction force 

were evaluated in accordance with the ASTM D882-
18 standard (ASTM 2018). A CT3-25K texturometer 
(Brookfield, USA) with traction clamps was used. 
Samples (1.5 × 5.0 cm) were placed between clamps 
separated by 3.0 cm. The test was performed at a 
speed of 5.00 mm/s with an activation load of 0.05 N 
until rupture. The device, connected to a computer, 
generated graphs of load (N) versus clamp separation 
(mm) as a function of time (s). The tensile strength 
was represented by the peak load (N), calculated by 
the texture analyzer. 

Elongation
Elongation was calculated using Equation (6):

E (%) = (
Cf − Ci

Ci )× 100	 (6)

Where E is the elongation at break, expressed 
in %, Cf is the length of the sample at the time of 
breakage (mm), and Ci is the initial length of the 
sample (mm).

Traction force 
Traction force was represented by the peak load 

(N), calculated using the texture analyzer (CT3-
25K Brookfield, USA). The result corresponds 
to the average of 12 repetitions for each sample 
concentration.

F =  peak load (N)	 (7)

Tensile strength
Tensile strength (MPa) was calculated using 

Equation (8), where F is the peak load force (N), h 
is the thickness of the strip (mm), and L is the width 
of the strip (mm), h and L representing the area:

TS =
F

h × L 	 (8)

Puncture strength
Puncture was determined using the texture ana-

lyzer (CT3-25K Brookfield, USA). Samples measur-
ing 2 × 2 cm2 were used, with six samples evaluated 
for each bioplastic treatment. The test was performed 
at a formation speed of 1.00 mm/s with an activation 
load of 0.05 N until the sample was pierced by the 
probe (TA 39).

Morphological properties
Morphological analysis of the bioplastic was per-

formed using the SEM (Thermo Scientific PRISMA 
E-Ultradry, USA). The sample size was 1 × 1 cm2, 
placed on 25 mm carbon disks located on the stub or 
holder to be positioned in the SEM sample holder. 
The work was carried out under low vacuum, with 
a sample holder level of 10 mm for electron beam 
emission and sample visualization, at a pressure 
of 0.75 Torr, 15 kV, using a scale of 2 mm at ×100 
magnification and a scale of 200 μm at ×1000 mag-
nification (Nazario-Naveda et al. 2021).

Laboratory-scale biodegradability test
Biodegradability analysis was performed accord-

ing to Oluwasina et al. (2018) with modifications in 
exposure time. A laboratory burial test was conducted 
for 28 days, with evaluations made every seven days. 
Samples (2 × 2 cm2) were placed in transparent plastic 
cups (10 cm in diameter, with holes) containing 250 g 
of moist soil. Previously, they were dried in an oven 
(90-105 ºC, 6 h), cooled for 10 min in a desiccator, 
and buried at 3.5 cm. Every seven days, the weight 
was measured after oven-drying (105 ºC, 5 min). To 
maintain conditions, 10 mL of distilled water was 
added daily, and temperature (23-25 ºC) and humidity 
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were controlled. The procedure was also applied to 
compostable and conventional plastics. The test was 
performed in triplicate on five sampling dates over a 
28-day period. The biodegradability percentage was 
calculated using Equation (9).

Biodegradability (%) =(
W0 − Wt

W0 ) × 100  	 (9)

Where W0 is the initial weight of the sample 
before drying but prior to burial, and Wt is the final 
weight of the sample after burial.

Statistical analysis
The data were statistically analyzed by first ap-

plying the Shapiro-Wilk normality test to verify the 
distribution of the data. Then, analysis of variance 
(Anova) was performed to evaluate the significant 
differences among mango peel concentrations in 
terms of physical, mechanical, and morphological 
properties. Specific differences were identified us-
ing Tukey’s post hoc test. Both tests were applied at 
a 95% significance level. Analyses were conducted 
using Infostat software (version 2020) and MS Excel.

RESULTS

The results presented below are organized ac-
cording to physical, mechanical, and morphological 
properties. Subsequently, the results corresponding 
to biodegradation are shown. Since physical and 
mechanical properties correspond to continuous data, 
they were analyzed using the Shapiro-Wilk normal-
ity test, which did not show statistical significance 
(p > 0.05), indicating that the data follow a normal 
distribution.

Physical properties
Table II describes the results of the physical prop-

erties. The values represent the mean and standard 
deviation of the physical properties of the bioplastics 
for each treatment. The control was compared with 
treatments with the addition of 5%, 10%, and 15% 
MPE to evaluate statistical differences. Anova results 
did not reveal significant statistical differences in 
the physical properties, except for color. Therefore, 
the addition of MPE at concentrations of 5%, 10%, 
and 15% was not sufficient to generate appreciable 
changes in the physical properties. Regarding color, 
the control (0% MPE addition) presented the lowest 
mean of 3.02, compared to the 15% treatment, which 
obtained the highest value of 10.87. Meanwhile, in 
the 5% and 10% mango peel treatments, no statisti-
cal differences were observed in the color of the 
bioplastic.

Mechanical properties
Concerning the elongation (Fig. 2A), the Tukey test 

showed two differentiated groups: the control 0% and 
the 5% treatment with lower values of 57.59% 
and 58.14%, respectively; and the 10% and 15% 
treatments, with homogeneous behavior and higher 
elongation percentages of 68.63% and 76.99%, re-
spectively. For tensile strength at break (Fig. 2B), it 
is observed that the control (0%) and the 5% and 10% 
mango peel extract treatments did not show statisti-
cally significant differences. However, with the addi-
tion of 15%, statistically significant differences were 
observed, reaching a value of 2.65 MPa. In contrast, 
for tensile force (Fig. 2C), no significant differences 
were observed among the treatments, indicating that 
the extract does not significantly influence the mate-
rial’s breaking resistance.

TABLE II.	 PHYSICAL PROPERTIES OF BIOPLASTIC WITH DIFFERENT CONCENTRATIONS OF MANGO 
PEEL EXTRACT.

Property Mango peel concentrations

0% (Control) 5% 10% 15%

Thickness (mm) 0.343 ± 0.004a 0.324 ± 0.019a 0.362 ± 0.026a 0.382 ± 0.048a

Density (g/cm3) 1.312 ± 0.090a 1.205 ± 0.072a 1.103 ± 0.172a 1.079 ± 0.147a

Moisture (%) 37.084 ± 3.462a 38.953 ± 9.876a 34.290 ± 6.956a 32.639 ± 2.342a

Opacity (%) 0.685 ± 0.279a 0.787 ± 0.135a 0.819 ± 0.017a 0.831 ± 0.124a

Solubility (%) 57.177 ± 1.019a 53.675 ± 0.470a 52.801 ± 2.780a 54.534 ±10.446a

Color 3.028 ± 0.872a 6.616 ± 0.522b 7.386 ± 0.582b 10.873 ± 1.400c

Mean ± standard deviation (triplicate). Different lowercase letters indicate statistically significant differences (Tukey 
test, p < 0.05). 
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Regarding puncture resistance (Fig. 2D), signifi-
cant differences were observed among the treatments. 
The addition of 5% and 10% extract resulted in a 
slight increase in this property, although without 
statistically significant differences. In contrast, with 
the addition of 15% MPE, a significant increase in the 
puncture resistance of the bioplastics was observed, 
reaching values of 1.03 N.

Morphological properties
Figure 3 shows morphological images obtained 

using SEM at two magnification levels: 100× (first 
column) and 1000× (second column), corresponding 
to the control 0% sample (M), and the 5%, 10%, and 
15% treatments, respectively. At concentrations of 
5%, 10%, and 15%, and at a magnification of 1000×, 
slight fractions of undissolved starch were observed. 
Likewise, in all samples, a surface with slight protu-
berances and the presence of fibers from the mango 

peel were observed, as well as starch particles that 
did not gelatinize. In both magnifications, no cracks, 
roughness, holes, or voids were observed. However, 
greater uniformity, homogeneity, and surface dis-
tribution were evidenced in the bioplastics as the 
concentration of mango peel increased, suggesting 
better component integration. Therefore, these results 
indicate that the best morphological quality was 
achieved with the addition of 15% MPE.

Biodegradation
Figures 4 and 5 describe the biodegradation re-

sults for the different treatments. Conventional plastic 
exhibited negligible degradation (approximately 1%), 
whereas the compostable plastic showed a gradual 
increase in degradation, reaching about 3% after 28 
days.

The decomposition of the control bioplastic with-
out MPE (0%) was faster than that of the bioplastics 
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with extract. In one week, 12% decomposed, and 
by day 28, decomposition reached up to 90%. The 
bioplastic with the addition of 15% MPE exhibited 
the lowest biodegradation rate compared to the 5% 
and 10% treatments. After seven days, only 3% had 
degraded, and then the degradation rate increased 
more slowly, reaching 18% after 28 days.

Regarding the amount of MPE incorporated into 
the bioplastic formulation, the 5% sample exhibited 
a constant and relatively high degradation rate, reach-

ing 16% in the first seven days and 57% at 28 days. 
These results indicate that both the type of material 
and the amount of MPE influence the degradation of 
the bioplastics. Bioplastics without extract decom-
posed more easily compared to those with higher 
extract concentrations and conventional plastic.

The most notable observation in figure 5 is the 
difference in the percentage of biodegradation over 
28 days. Significant variations are observed among 
the treatments, especially between conventional and 
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Fig. 3.	 Micrographs obtained by scanning electron microscope at two magnifica-
tion levels: 100× (first column) and 1000× (second column) of bioplastic 
obtained with different concentrations of mango peel extract. M (0%) 
(A); M (5%) (B); M (10%) (C); and M (15%) (D). M: corresponds to 
the bioplastic sample.%: corresponds to the concentration of mango peel 
extract incorporated in each sample.
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Fig. 5.	 Biodegradation rate (%) of conventional plastic, compostable plastic, and mango peel-based bioplastics (0%, 5%, 10%, 15%). 
The values represent the percentage of biodegradation observed at 7, 14, 21, and 28 days. Error bars represent standard deviation.
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compostable plastic compared to the bioplastics. 
Among the bioplastics, the one that showed the most 
significant decomposition was the control. Within the 
bioplastics made with mango peel extract concentra-
tions, the 5% concentration decomposed the fastest, 
whereas the 15% concentration showed the slowest 
decomposition.

DISCUSSION

Physical properties
Thickness influences mechanical and permeability 

properties. In this study, the range was from 0.343 mm 
(0%) to 0.382 mm (15%), with no significant dif-
ferences. Hernández-Lozano et al. (2025) reported 
increases up to 0.61 mm with 17.2% mango peel 
powder. The combination of polymers also modi-
fies the thickness: bioplastics with 22.2% cassava, 
corn, and rice starch, 11.1% gelatin, 2.78% corn oil, 
and 63.89% water, achieved thicknesses of 0.24 mm 
(corn) and 0.26 mm (rice and cassava), as reported by 
Jayalath et al. (2025). The slight increase observed 
could be attributed to the plasticizer, which weakens 
molecular interactions and leads to the formation of 
less compact polymer matrices (Adilah et al. 2018, 
Gonçalves et al. 2019). Drying and manufacturing 
conditions also influence thickness (Adilah et al. 
2018). Together, thickness and density affect me-
chanical properties, permeability, and opacity, pos-
sibly due to polyphenol-peptide interactions (Sultan 
et al. 2024).

Density ranged from 1.31 g/cm3 (0%) to 1.08 g/cm3 
(15%), with an 18% reduction. Similar results were 
reported by Nazario-Naveda et al. (2021) in mango ex-
tract bioplastics (0.80-1.12 g/cm3, 5-15%). Sultan et al. 
(2024) found densities of 1.32 g/cm3 in pulp bioplastics 
and 1.64 g/cm3 in potato peel bioplastics, indicating the 
influence of the raw material. The increase is attributed 
to the improved alignment of cellulose fibers within 
the starch matrix, resulting in more compact structures 
(Anugrahwidya et al. 2021). Although the values 
exceed the typical density of polypropylene, 0.90 g/
cm3 according to ASTM D792-20 (ASTM 2020), this 
comparison depends on the measurement method. The 
type and proportion of biopolymers, plasticizers, and 
additives influence variations in the properties. Thus, 
the obtained densities are moderate and advantageous 
for applications requiring a balance between lightness, 
strength, and biodegradability.

Moisture decreased from 38.95% (5%) to 32.63% 
(15%), without significant differences, suggesting 
a relationship with the amount added. In contrast, 

Nazario-Naveda et al. (2021) reported increases of 
21.95% and 24.02% in bioplastics with 5% and 10% 
MPE, attributed to higher glycerol (5 g potato starch, 
5 mL glycerol, 5 mL vinegar). Sultan et al. (2024) 
observed increases from 5.55% to 29.9% in potato 
peel bioplastics with glycerol, confirming its hygro-
scopic capacity. In cassava, moisture levels depended 
on pH, reaching 26.25% at a pH of 7.5 (Anchundia 
et al. 2025). These variations are influenced by the 
formulation and drying process. Moderate moisture 
improves flexibility during processing, whereas 
excess moisture compromises integrity, increases 
microbial degradation, and reduces starch stability 
(Titone et al. 2021, Enwere et al. 2024).

Opacity slightly increased with MPE: 0.69% 
(0%), 0.79% (5%), 0.81% (10%), and 0.83% (15%), 
without significant differences. De Azevedo et al. 
(2020) reported 0.49-1.15% in corn and potato films 
with ash silicate. Other studies have found 0.92% in 
bitter yam bioplastics with glycerol (Oluwasina et al. 
2018); Gonçalves et al. (2019) observed a reduction 
when glycerol was decreased (from 0.95% with 50% 
to 0.92% with 0%). The low levels obtained indicate 
high transparency, which is desirable in packaging 
and coatings (Tomerlin et al. 2023). However, higher 
opacity can improve UV protection (Navasingh et 
al. 2023).

Solubility, an indicator of moisture resistance and 
degradability, was high, with values of 57.18% (0%), 
53.68% (5%), 52.80% (10%), and 54.53% (15%), 
showing no significant differences. In bioplastics 
with 4% gelatin, 30% glycerol, and MPE (1-5%), 
a decrease was observed from 23.31% to 20.06% 
(Adilah et al. 2018). Hernández-Lozano et al. (2025) 
reported higher solubility in peel bioplastics (50%) 
than in seed (30.22%). These values limit their use 
in packaging requiring brief moisture resistance. The 
use of dialdehyde starch reduces hydrophilicity and 
solubility: Oluwasina et al. (2018) reported 4.23% 
with a 100% solution versus 7.9% with 60%. The 
amylose-amylopectin ratio also influences material 
viability (Navasingh et al. 2023). Our results suggest 
that highly soluble bioplastics, although limited to 
packaging, are useful in applications requiring rapid 
degradation. Regarding color, bioplastics should be 
transparent to resemble synthetic polymers and en-
sure acceptance. In this study, higher MPE increased 
the surface gray tone (Fig. 4), attributed to pigments 
such as β-carotene. Acosta (2021) described brown-
gray tones resulting from enzymatic browning, a pro-
cess caused by polyphenol oxidase, which depends 
on temperature and pH. Gallardo and Velázquez 
(2021) observed dark yellow in the mango and grape, 
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while Fernández Benavides and Gil Castillo (2023) 
reported translucent brown in the mango seed. These 
findings confirm that formulation and composition 
have a significant impact on color, a key factor in 
determining perceived quality.

Mechanical properties
Elongation increased with MPE, from 68.63% at 

10% to 76.99% at 15%, similar to the values reported 
for caladium bicolor starch bioplastics (77.0%) by 
Enwere et al. (2024). In contrast, films with 4% gela-
tin, 30% glycerol, and MPE (1-5%) showed lower 
elongations (50.68-42.09%), as reported by Adilah 
et al. (2018). In our study, the increase is attributed 
to the use of low glycerol (4 mL), which favors a 
homogeneous network with hydrogen bonds without 
saturating it, thereby enhancing flexibility (Sultan et 
al. 2024, Fauziah et al. 2025). Thickness influenced 
elongation: 0.026 mm bioplastics showed 8.8% 
elongation with pectin and peel (1:2), according to 
Chaiwarit et al. (2020), while ours reached 0.343-
0.382 mm and 76.99% elongation at 15% MPE.

Overall, the tensile strength was low (2.65 MPa 
for the bioplastic containing 15% MPE) compared to 
polyethylene plastics, which exceed 10 MPa (Lanh 
et al., 2023). In bioplastics with gelatin, glycerol, 
and MPE (1-5%), the strength ranged from 8.22 to 
15.78 MPa (Adilah et al. 2018), attributed to the pres-
ence of pectin and amylose. Pectin and peel blends (3:0 
and 1.5:1.5) recorded 8.17 and ~13 MPa (Chaiwarit 
et al. 2020). In our case, strength and elongation fol-
lowed the same pattern, likely due to the presence of 
glycerol, which is consistent with studies showing that 
increasing glycerol (0-10%) improves both properties 
(Fauziah et al. 2025). Thus, MPE increases elonga-
tion but reduces tensile strength, although at higher 
concentrations, the latter effect is slightly improved.

Tensile force showed no significant differences 
among treatments, indicating that MPE did not influ-
ence it. Puncture resistance slightly increased up to 
1.03 N (15%), in parallel with elongation (76.99%), 
strength (2.65 MPa), and thickness (0.382 mm). This 
effect is associated with the physical modification 
of starch by heat and moisture, as observed in green 
banana bioplastics, which exhibit a tensile strength of 
27.09 MPa, 6.0% elongation, and a puncture strength 
of 251.8 N (Viana et al. 2022). Additionally, organic 
fillers help dissipate stress and improve integrity 
(Kim et al. 2025). Overall, the bioplastics demon-
strated good flexibility but limited strength, making 
them suitable for flexible packaging, biodegradable 
wraps, and low-load bags, rather than structural ap-
plications. 

In general terms, the physical properties did not 
exhibit statistically significant differences, suggesting 
that the addition of MPE at concentrations of 5 to 
15% was insufficient to generate appreciable changes 
in these parameters. In contrast, the mechanical prop-
erties exhibited variations, particularly in elongation 
and tensile strength, which can be attributed to the 
lignocellulosic and fibrous composition of the mango 
peel extract, acting as a reinforcement for the polymer 
matrix (García-Mahecha et al. 2023). Likewise, the 
increase in MPE favored elongation, possibly due 
to the presence of pectins and soluble biopolymers 
that increase the material’s flexibility before breaking 
(Hernández-Lozano et al. 2025).

Morphological properties 
Microstructures with MPE were homogeneous 

and compact, without voids, and featured minimal 
granular structures at 5-15%. They coincide with 
smooth surfaces reported in potato bioplastics with 
15% mango peel extract (Nazario-Naveda et al. 
2021). In contrast, mango seed films showed in-
soluble clumps due to insufficient agitation (Maulida 
et al. 2018). In films with gelatin and MPE (1-5%), 
granular structures increased, but a compact network 
was maintained, attributed to intermolecular forces 
(Adilah et al. 2018). The matrix influences morphol-
ogy: cassava bioplastics exhibit smooth surfaces 
with voids, corn is rough and porous, and rice is 
intermediate, with pores and cracks (Jayalath et al. 
2025). In our samples, MPE favored the formation 
of a continuous polymer network.

Biodegradation
At 28 days, biodegradation reached 90% (control), 

57% (5%), 40% (10%), and 18% (15%), higher than 
conventional plastic (1%) and compostable plastic 
(3%). Similar results were observed with aqueous 
peel extract, with weight loss decreasing from 79% at 
5% to 33% at 15%, as reported by Nazario-Naveda et 
al. (2021). This is attributed to a low starch-extract in-
teraction, resulting in less compact films. Greater loss 
at low concentrations is related to the cleavage of the 
α-1,4-glucosidic starch bond versus the β-glucosidic 
cellulose bond (Torres et al. 2011). Increasing pectin 
levels enhances hydrophobicity and contact angle 
(Chaiwarit et al. 2020).

Biodegradability also depends on formulation: 
bioplastics with 10 g of peel and 20 mL of glycerol 
reached 93.06% biodegradation in four weeks (Ser-
naqué Auccahuasi et al. 2020). The starch source 
influences the results, with cassava (67.00%), rice 
(51.81%), and corn (47.72%) observed after seven 
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days (Jayalath et al. 2025). The environment where 
degradation occurs modifies the results: a bioplastic 
composed of peel starch, glycerol, carboxymeth-
ylcellulose, and calcium carbonate exhibited deg-
radation rates of 41.99% in water (after 35 days), 
53.84% in soil, and 9.43% outdoors after 53 days 
(Proaño 2021).

Finally, variations in mechanical, morphological, 
and biodegradation properties depend on the formu-
lation, additives, and the percentage of raw materi-
als. The incorporation of MPE-modified structure 
and composition highlights the need to optimize its 
proportion to improve properties and guide specific 
applications.

CONCLUSION

The results show that the incorporation of MPE 
did not affect the physical properties of the bioplastic, 
except for color, which intensified at higher concen-
trations. In terms of mechanical properties, significant 
changes were observed in elongation, tensile strength, 
and puncture strength, especially at 15%, while the 
tensile force remained stable. Morphologically, SEM 
images revealed non-gelatinized particles without 
relevant defects (cracks or holes), indicating good 
material formation. Regarding biodegradability, bio-
plastics with 5% extract degraded faster than those 
with 15%, suggesting that excess lignocellulosic 
residues can slow the process.

Overall, bioplastics with MPE present favorable 
physical-mechanical, morphological, and biodegra-
dation properties, consolidating them as a sustainable 
alternative to conventional plastics. The incorpora-
tion of mango peel extract primarily influenced 
elongation and fracture resistance, confirming that 
adjusting the composition enables the optimization 
of these properties. Nevertheless, this study has 
limitations, including methodological variations in 
property measurement (thickness and density) and 
the absence of tests at a larger scale or under diverse 
environmental conditions. Therefore, future stud-
ies are recommended to evaluate performance in 
real-world environments, expand formulations, and 
enhance experimental standardization to improve the 
reproducibility and comparability of results.
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