
Agroind. sci. 11(1): 87 - 96 (2021) 
 

 

Agroindustrial Science 
Website: http://revistas.unitru.edu.pe/index.php/agroindscience 

Escuela de Ingeniería 
Agroindustrial 

 

Universidad Nacional de 
Trujillo 

 

 
 

Recibido 10 febrero 2021    
Aceptado 28 marzo 2021 

 *Autor correspondiente: bryanhoyosmireles@gmail.com (B. J. Hoyos Mireles) 
DOI: http://dx.doi.org/10.17268/agroind.sci.2021.01.11 

  
 

 

- 87 - 

 Esta obra está publicada bajo la licencia CC BY-NC 4.0 
 

Ecological trays based on banana (Musa paradisiaca) and achira (Canna 
indica) leaf blades: Physical, mechanical and chemical characteristics 

 
Bryan Jhilmar Hoyos Mireles1, *; Eliane del Rocío Cieza Díaz1; Roxana Stefany Castro Medina1 

 
1 Universidad Nacional Autónoma de Chota, Cajamarca, Perú.  

 
ORCID de los autores 
B. J. Hoyos Mireles: https://orcid.org/0000-0002-4927-6222 
E. del R. Cieza Diaz: https://orcid.org/0000-0001-9858-972X  
R. S. Castro Medina: https://orcid.org/0000-0002-0033-2473  

 
 
 

ABSTRACT 
 

The accumulation of plastics in our environment has generated serious eco-environmental problems and the need to 
look for alternatives for the production of bioplastic. The purpose of this work was to evaluate the effect of the proportion 
of fibers from vegetable leaves (banana and achira) with oca starch on the physical and mechanical properties of 
biodegradable trays made through the thermoforming process. 3 percentages (2.5%, 5% and 7.5%) of natural fiber with 
a size between 53 - 75 µm were used. The formulated trays were evaluated by their physical properties (color, thickness, 
density, humidity and water absorption), mechanical (resistance to tension, elongation and perforation) and Fourier 
transform infrared spectroscopy (FT-IR).). The results showed trays with adequate expansion, homogeneously 
distributed fibers and acceptable appearance. As the fiber concentration increased, the ability to absorb water increased, 
however, the moisture content, puncture resistance and fracturing decreased. In general, the tray with 2.5% banana leaf 
fiber obtained the best results. These trays can be used to pack dry food with a short shelf life and can be a viable 
alternative to replace polystyrene trays. 
 

Keywords: Biodegradable tray; thermoforming; oca starch; vegetable leaf fiber. 
 

 
 

1. Introduction 
 

The demand for plastic polymers is increasing, 
being present in the composition of a great variety 
of manufactured products (Junior et al., 2020); 
Due to COVID-19, its demand has had a 
significant growth in businesses and homes. 
When disposing of these products (non-
biodegradable waste) they end up in sanitary 
landfills where if they are not given any reuse 
treatment, they can cause contamination of the 
soil and the environment. These products also end 
up in the seas, rivers, groundwater, or lakes where 
they accumulate and, as they cannot be degraded, 
they cause an alteration of the ecosystem. 

Plastics derived from crude oil have supplied most 

of the materials for the manufacture of containers, 
bags, trays and foams due to their characteristics, 
such as high product availability, good 
mechanical, physical and barrier resistance (Silva 
& Silva, 2016).  

Over the years, the accumulation of these plastics 
in our environment becomes imminent, in which 
serious eco-environmental problems have been 
generated due to their low biodegradability (Moo-
Tun et al., 2020). Each year up to 8 million tons of 
plastic are dumped into the oceans (Payne, 2006). 
Other statistics show that about 300 million tons of 
plastic waste are generated worldwide per year 
(Agenda, 2016), of which 50% are single-use 
plastics (Mora, 2019). But it also has an additional 
impact because most of these derivatives come 
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from oil, whose extraction and refining processes 
cause severe environmental impacts (Bourgeois & 
Llodra, 2009; Lagarón et al., 2016; Razza et al., 
2015). 
For this reason, it is important to develop 
sustainable, bio-based containers with properties 
similar to conventional polymers (Junior et al., 
2020) to replace commercial EPS foams and thus 
be able to minimize the negative impact generated 
by their use. 
Researchers have shown enormous interest in 
developing biodegradable products that have 
characteristics similar to polystyrene plastics, 
using natural polymers such as starch and fibrous 
inputs in order to generate single-use packaging 
for food, achieving positive results. In search of 
these new alternatives, studies have been 
developed with different inputs, such as cassava 
starch mixed with sugar cane bagasse, corn husk 
and malt bagasse (Ferreira et al., 2020), with 
grape stalks (Engel et al. al., 2019), pineapple 
peels (Cabanillas et al., 2019), beeswax (Reis de 
Santana, et al., 2018; Reis et al., 2018) and 
plasticizers (Stoffel et al., 2019) using thermo-
pressing, achieving optimal biodegradable trays. 
Different starches were formulated such as potato 
starch combined with beer grains (Ferreira et al., 
2019), starch from three native Andean crops such 
as arracacha, oca and sweet potato (Cruz-Tirado 
et al., 2019), starch from sugar palm with agar 
powder (Jumaidin et al., 2016) or cassava 
bagasse formulated with polyvinyl alcohol 
(Debiagi et al., 2015), to obtain trays that have 
properties similar to expanded polystyrene (EPS), 
in addition to being insulating thermal, low cost 
(Chiellini, 2009; Ana ES Vercelheze et al., 2012), 
low density, dimensional stability and high 
resistance to humidity (Kaisangsri et al., 2012; 
Xing et al., 2013). Agroindustrial residues 
generated by industries such as sugarcane 
bagasse and asparagus shells are also used to 
optimize the properties of trays made with sweet 
potato starch (Cruz-Tirado et al., 2019). 
All these investigations show that it is possible to 
obtain food packaging from mixtures of starch, 
fibers and water through processes such as 
thermo-pressing. 
In this study, the starch of a tuber that is produced 
in the Peruvian highlands with a production 
potential that is growing year by year (Coca & 
Exterior, 2018), the oca, was used, which mixed 
with natural fiber from banana leaves and achira 
(They are mostly used to wrap different foods or 
pack typical foods) (Piedrahita, 2012) improve 

their mechanical properties and reduce their 
sensitivity to humidity (Espina, 2016). These raw 
materials, easy to obtain, cheap, and non-toxic, 
contribute to the protection of the environment 
(Ruggiero et al., 2006), giving it an additional use. 
Therefore, the objective of the present work was 
to evaluate the influence of the proportion of 
vegetable fibers of banana (Musa paradisiaca) 
leaves and achira (Canna indica) with oca (Oxalis 
tuberosa) starch on the properties of 
biodegradable trays. 

 
2. Material and methods 
 

2.1. Materials 
For the elaboration of the biodegradable trays, oca 
variety squash (29% amylose and 71% 
amylopectin) obtained from the province of Chota, 
Cajamarca was used, which was cut into 2 cm 
pieces and crushed in a food processor (Model I5, 
Industrias Maguiña) for 5 minutes to reduce its 
particle size. The resulting paste was filtered 
through < 300 µm stainless steel sieves. The 
resulting suspension of starch + water stood at 4 
°C for 24 h to recover the starch. The liquid 
supernatant was discarded, the resulting starch 
fraction was washed 3 times by resuspension in 
water. Finally, it was dried at 37 °C for 48 hours in 
a Memmert oven. Finally, the starch was dried, 
ground and sieved until obtaining native starch 
with a particle size <106 µm (Sieve No. 140). 
To obtain vegetable fibers, banana and achira leaf 
sheets obtained from the city of Chota, Santa 
Mónica sector, Cajamarca were used, which were 
cleaned and cut before being placed in an oven at 
a temperature between 60-70 °C for 72 hours. The 
dry leaves were placed in a mill for 3 minutes and 
30 seconds and then they were sieved until 
obtaining fibers with a particle size <180 µm 
(Sieve No. 80). Starch and vegetable fibers were 
extracted at the Agroindustrial Processes 
Engineering Laboratory of the National University 
of Trujillo (Trujillo, Peru). 
 

2.2. Production process of biodegradable 
trays 
The starch and vegetable fiber trays were 
obtained using different formulations based on 
previous results in trial error tests (unpublished). 
Table 1 shows the concentrations of each 
component used in the preparation of the 
biodegradable trays. 3 different fiber addition 
formulations were determined in concentrations of 
2.5%, 5% and 7.5%, coded as W1, W2 and W3 
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respectively. 
For the formulations with the vegetable fibers of 
the banana and achira leaves, they were coded 
with the letters P and A respectively. With these 
formulations, 6 different treatments were obtained 
plus a control treatment that will make it possible 
to compare the effect of the percentages of fibers 
added in the trays made with goose starch. The 
amount of water was adjusted in order to maintain 
the viscosity of the mixture, allowing to obtain 
complete trays. 
The formulated concentrations of the fibers, starch 
and water were mixed with a mechanical stirrer 
(Oster, China) for 5 minutes at 1500 rpm. 
Immediately, the 46 grams of each formulation 
were homogeneously placed inside the lower 
teflon platform (dimensions: 270 mm x 200 mm x 
25 mm, thickness 3 mm) of a thermocompression 
molding mechanism (RELES SRL, PHI / dL, Peru) 

in which the lower and upper plate of the 
mechanism were closed by means of a hydraulic 
system with a pressure of 60 bar at an average 
temperature of 200 °C for 90 seconds (Figure 1). 
Finally, each tray was removed from the 
thermopress and stored for seven days (60% 
relative humidity and 25 °C) to subsequently 
perform the characterization analyzes. 
 

2.2. Characterization of the trays 
 

Production performance 
The percentage of whole trays produced at the 
end of each period represent the efficiency of the 
process for the formulations (Mello & Mali, 2014). 
 

Color parameters 
The color of the biodegradable trays was 
determined using a JZ-300 colorimeter (Shenzhen 
Kingwell Instrument Co. Ltd, China.

 

Table 1 
Components of the mixture used to make biodegradable trays from oca starch, banana leaf fiber and achira 
 

Treatment Coding Starch (g) Fiber (g) Water (ml) Mixing mass (g) 

                             Control C 30 - 28 46 

Banana leaf 

2.5% PW1 29.25 0.75 28 46 

5.0% PW2 28.5 1.5 29 46 

7.5% PW3 27.75 2.25 30 46 

Achira leaf 

2.5% AW1 29.25 0.75 28 46 

5.0% AW2 28.5 1.5 30 46 

7.5% AW3 27.75 2.25 32 46 

 

 

 
 

Figure 1. Development of biodegradable trays through the thermo-pressing process. 
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The range of the color parameters was as follows: 
L* = 0 to 100 (black to white); a* (values negative 
values (-a) indicate greenness and positive values 
(+a) redness) and b* (negative values (-b) indicate 
blue and positive values (+b) yellowness) 
(Salgado et al., 2008). performed with the white 
standard plate and the following coordinates were 
obtained: L = 89.8; a = 1.9 and b = -4.9. Five 
measurements were made for each formulation, 
and these values were averaged to be reported. In 
addition, taking into account the Equation 1, the 
total color difference (ΔE) was calculated for each 
formulation. 

ΔE ∗= √(ΔL ∗)2 + (Δa ∗)2 + (Δb ∗)2       [1] 
 

Thickness and density 
A DC051 stainless steel digital vernier (0 - 150 
mm) (MAGTOTO, China) was used to measure 
the thickness of the trays; The reported values are 
the averages of 5 measurements made to each of 
the 7 formulated trays. 
According to the method used by Shogren et al. 
(1998), the density (g/cm3) of each sample was 
calculated based on its mass (g) and volume 
(cm3). The samples (width 25 mm; length 100 mm) 
were weighed, and their volume was calculated by 
multiplying their measurements (thickness x width 
x length). For each formulation, 5 repetitions were 
carried out, these values were averaged to inform 
the density results. 
 

Moisture content and water absorption 
capacity (WAC) 
Following the method of Cruz-Tirado et al. (2019), 
approximately 1 gram of each tray (sample) was 
placed inside the moisture analyzer with MX-50 
halogen lamps (A&D Company, Limited, Japan) at 
105 °C to determine its moisture content. 
To measure the water absorption capacity of the 
trays during immersion, the technical standard 
NBR NM 535 (Técnicas, 1999) was used. 
Samples of the trays formulated with dimensions 
of 50 mm x 25 mm were cut and then weighed 
(𝑚𝑖), immersed in distilled water (25 ± 1 °C) for 
30 seconds and weighed again (𝑚𝑓). Excess 
water was removed with tissue paper. The 
following equation (2) was used to determine the 
water absorption capacity:  
 

𝑊𝐴𝐶 =
𝑚𝑓−𝑚𝑖

𝑚𝑖
∗ 100       [2] 

Mechanical properties 
The trays were subjected to mechanical stress 
(tension and perforation) through the TA.HDplus 

texture analyzer (Stable Macro Sistems, United 
Kingdom) with a 50 N cell load. The first test 
carried out was carried out according to the ASTM 
D8S8 standard method where rectangular 
samples of 25 mm x 100 mm were analyzed, 
separated by 80 mm between the grips and 2 
mm/s of crossing speed (ASTM, 2016; Vercelheze 
et al., 2012). During the extension, stress-strain 
curves were recorded, specifying the tensile 
strength (MPa) and elongation (%). The values 
reported for each formulation are the averages of 
3 trials. The maximum tensile stress prior to 
breaking of the material expresses the tensile 
strength and elongation registered up to the 
moment of failure, which represents the 
percentage of elongation (equations 3 and 4, 
respectively); where F: maximum tensile force; A: 
cross-sectional area; Lo: initial calibration length; 
and L: final length. 

Tensile strength =  
𝐹

𝐴
             [3] 

Elongation =  
𝐿−𝐿𝑜

𝐿𝑜
                  [4]    

 

The drilling test was performed on square samples 
(50 mm per side), using the HDP / 90 platform with 
the HDP/CFS accessory and the P/0.25S sphe-
rical specimen (stainless steel). The specimen had 
a displacement of 25 mm at a speed of 1.0 mm/s 
for each test. Puncture resistance (N) and 
deformation (mm) were determined. 
 

Fourier transform infrared spectroscopy 
Tray samples with dimensions of 25 x 25 mm2 
were used, the Fourier-infrared transform (FTIR) 
analysis was performed with a Nicolet iS50 FTIR 
(Thermo Fisher, Germany), with a resolution of 4 
cm-1 and in the range 4000–500 cm-1. 16 scans 
per spectrum accumulated in absorbance mode. 

Statistical analysis 
To compare the 7 formulations that were 
elaborated in this study and determine significant 
differences between these treatments, the 
analysis of variance (one-way ANOVA) was used 
and later the Tukey test with a level of significance 
established at p < 0.05. The analyzes were carried 
out in the statistical software SPSS (International 
Business Machines Corporation, USA).  
 

3. Results and Discussion 
Production performance 
The production of the biodegradable trays 
obtained yields between 40 to 100% approxi-
mately. 29 trial error trials were carried out, from 
which 2 whole and intact trays were obtained for 
each treatment worked. 
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A maximum production yield (100%) was obtained 
for the trays of the treatments PW1, AW1 and 
AW1. While for the PW2, PW3 and AW3 
treatments, yields of 50%, 40% and 66.7% were 
obtained, respectively. The trays that have lower 
percentages of fibers from either banana leaf or 
achira had a higher yield.  
The viscosity of the formulated mixture increases 
with the addition of natural fiber and produces a 
higher resistance to expansion, as well as higher 
concentrations of fiber can cause an inadequate 
conformation of the matrix while the tray is 
manufactured in the thermopress (Shogren et al., 
1998). These points explain the weak points in the 
foam trays (Cinelli et al., 2006; Lawton et al., 
2004), despite the fact that more water was 
incorporated to homogenize and maintain the 
fluidity of the mixture after one hour. of mixing. 

 

Color parameters 
Control trays containing only oca starch were 
white (Figure 2). The trays with addition of fiber 
showed a reddish and yellowish color compared to 
the control tray, which is consistent with the results 
in Table 2 showing that the values of a* and b* 
increase significantly (p ≤ 0.05). The color para-
meters shown in the tray without the addition of 
fibers (control) were: L* = 70.16; a* = 0.8 and b* = 
0.18; and the trays with added fiber presented: L* 
= 51.6 to 61.9, a* = 1.2 to 2.7 and b* = 6.3 to 14.5. 
While the percentage of addition of the fibers used 
increases, the L* value decreases, which in turn 
led to an increase in ΔE (Table 2). This could be 
due to the presence of lignin, associated with the 
presence of phenolic compounds (Ramírez & 
Enríquez, 2015), giving a darker color to the higher 
concentration trays. 

 

 
 

Figure 2. Biodegradable trays made from goose starch with banana leaf fiber.  
 

 
Table 2 
CIELAB values (L *, a * and b *) for trays of oca starch with plant fiber from banana leaf and achira 
 

Treatment L* a* b* ΔE* 

C 70.16 ±1.57 𝑎  0.8±0.08 𝑎  0.18±0.32 𝑎  19.64±1.57 𝑎  

PW1 57.74±1.13 𝑏 1.36±0.18 𝑏 9.12±0.91 𝑏 34.36±1.28 𝑏 

PW2 56.88±1.69 𝑐  1.48±0.31 𝑐  10.48±1.6 𝑏𝑐  35.73±1.8 𝑏 

PW3 52.60±0.8 𝑑  1.68±0.14 𝑑  7.14±0.75 𝑑  38.43±1 𝑐  

AW1 60.06±1.98 𝑒 1.4±0.12 𝑏 8.12±1.03 𝑏𝑑  31.84±2.02 𝑑  

AW2 57.58±0.39 𝑏𝑐  1.48±0.07 𝑐𝑑  11.82±0.36 𝑐  35.68±0.42 𝑏𝑐  

AW3 52.62±0.86 𝑑  2.28±0.33 𝑒 13.86±0.47 𝑒 41.02±0.9 𝑐  
 𝑎−𝑒 The Tukey test (p < 0.05) shows a significant difference between the treatments when the means of the same column contain 
different lowercase letters. 
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This darker appearance of the trays when adding 
vegetable fibers is also a product of the Maillard 
reaction due to the reaction between proteins and 
carbohydrates product of temperature and 
pressure during the thermoforming process 
(Salgado et al., 2008). Various studies such as 
those of (Cruz-Tirado et al., 2017; Machado et al., 
2017; Matsuda et al., 2013) have verified this 
hypothesis, reporting that the addition of fiber to 
the foam reduces the brightness values of 
incomposited starch (Mello & Mali, 2014; 
Vercelheze et al., 2013). 
The parameter a* increased as more fiber was 
added to the mixture, and significant differences 
were also found between the control and the other 
formulations. This could be due to the presence of 
a biopolymer present in plant fibers such as lignin 
found in the middle sheet of the cell wall and in the 
layers of the cell wall of the fibers (Marcelo et al., 
2013; Of et al., 2005), which provides a more 
pronounced redness to the PW3 and AW3 
formulations, which have a higher percentage of 
fibers in their formulation. For the parameter b* 
(yellow/blue coordinates) the values were 
increased according to the incorporation of 
vegetable fiber in the formulation, significant 
differences were obtained according to the Tukey 
test (p < 0.05) between the formulations with 
different percentages but it was found similarity in 
the formulations of the same percentage of 
different fiber, this is due to the fact that in both 
fibers an approximate amount of lignin is found in 
the structure of the leaves used (Marcelo et al., 
2013). 
  

Thickness and density 
Table 3 shows the summary results for the 
thickness and density of the biodegradable trays. 
The thickness and density of the control tray (C) 
were 2.628 mm and 0.144 g/cm3, respectively. For 
the thickness there was a variation between 2.244 
to 2.546 mm. These values are in the range of 
values reported by various investigations such as 
that of (Cabanillas et al., 2019) where cassava 
starch trays were obtained by adding pineapple 
rind with values between 2.616 and 2.558 mm 
thick. Also, Cruz-Tirado et al. (2017) reported 
values between 2.485 and 2.602 mm in thickness 
of trays made with goose starch plus asparagus 
peel fiber and sugar cane bagasse. 
The thickness value increases by adding a greater 
percentage of the fiber used, but the one that 
increases the most is the AW3 tray, which has 

7.5% fiber from the achira sheet, with a value close 
to the control value of 2.546 mm. This may be due 
to the fact that, by adding fiber to the starch tray, it 
interferes with the foaming and expansion process 
of the starch, reducing starch-starch interactions 
and probably weakening the structure (Kaisangsri 
et al., 2014; Tirado, 2017). However, the Tukey 
test (p < 0.05) showed that only the thickness of 
the AW1 tray decreased significantly compared to 
the control tray (C). 
The density values ranged from 0.152 to 0.209 
g/cm3, for the trays made with achira leaf fiber, the 
values decreased when the percentage of fiber 
addition increased, a different case than the trays 
made with banana leaf fiber that increases their 
density by adding a higher percentage of fiber. 
Tukey's test (p < 0.05) showed significant 
differences between the formulations with a slight 
decrease in the density values (g/cm3). The values 
of this study were higher compared to the density 
presented by commercial EPS trays with a value 
of 0.041 g/cm3 of density (Tirado, 2017), to that of 
(Mello & Mali, 2014) where they reported values 
of trays made with cassava starch and malt 
bagasse between 0.415-0.450 g/cm3 of density, 
research by (Matsuda et al., 2013) reported higher 
densities in cassava starch trays reinforced with 
nanoclays (0.2809 - 0.3067 g/cm3 of But it was 
also possible to find trays with values similar to 
those reported by other authors such as that of 
(Vercelheze et al., 2012) with values between 
0.1941-0.2996 g/cm3 or that of (Mali et al., 2010) 
that I report values between 0.20 - 0.33 g/cm3 of 
foam trays made of cassava starch and vegetable 
fibers. 
 

Table 3 
Values of thickness and density of the trays of oca with 
vegetal fiber of banana leaf and achira  

Treatment Thickness (mm) Density (g/cm3) 

C 2.628±0.245 𝑎 0.144±0.014 𝑎 

PW1 2.300±0.217 𝑎𝑏 0.176±0.015 𝑏 

PW2 2.316±0.207 𝑎𝑏 0.164±0.014 𝑏𝑐 

PW3 2.320±0.344 𝑎𝑏 0.209±0.025 𝑑 

AW1 2.244±0.131 𝑏 0.166±0.041 𝑏𝑐 

AW2 2.400±0.341 𝑎𝑏 0.161±0.021 𝑏𝑐 

AW3 2.546±0.215 𝑎𝑏 0.152±0.012 𝑒 

 𝑎−𝑒 The Tukey test (p < 0.05) shows a significant difference 
between the treatments when the means of the same column 
contain different lowercase letters. 
 

Moisture content and water absorption 
capacity (WAC) 
The humidity of the control tray was 13.855% 
which decreased as the percentage of fiber used 
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increased, this behavior can be observed in Figure 
3. Significant differences were found when 
applying the Tukey test (p < 0.05) between the 
humidity values of the control trays and the 
percentages of 5% and 7.5% of vegetable fiber 
addition. A decreasing trend can be observed in 
the values, especially of the trays that added 
banana leaf fiber, this slight behavior can be 
attributed to the hydrophobic characteristic of the 
fiber (Salvador et al., 2008), and the increase 
concentration in the formulations, reducing the 
affinity of the trays for humidity. 
 

 
 

Figure 3. Moisture from oca starch trays mixed with 
banana leaf fiber and achira. 

The values of the water absorption capacity of the 
elaborated trays vary between 142.29 to 173.99 g 
water/100 g d.b. (Figure 4). For the control tray, its 
value was 172.94 g water/100 g d.b. 
No significant differences are shown between the 
percentages according to the Tukey test (p < 
0.05). However, in the trays where 2.5% and 5% 
of vegetable fiber were added, there was a small 
decrease in the values of the water absorption 
capacity (WAC). This effect could be due to the 
cohesive structure presented by these trays due to 
the presence of cellulose found in vegetable fibers 
reducing WAC (Bénézet et al., 2012; Guan & 
Hanna, 2006). A slight increase in the WAC for the 
formulations with 7.5% percentage (PW3 and 
AW3) this is possibly due to an interference of the 
fiber in the structure due to the high concentration, 
which destabilizes the matrix and facilitates the 
movement of water inside the tray. 
 

Mechanical properties 
The tensile strength for the control tray was 0.21 
MPa, as can be seen in Figure 5, for the trays 
made with banana fiber the values decreased 
slightly when the addition percentage was 
increased, probably due to the high percentage of 
fiber hindering the expansion during 

thermoforming, producing a discontinuity between 
the starch chains and later exposing this 
weakness of the trays (Cruz-Tirado et al., 2019; 
Salgado et al., 2008), unlike the achira fiber that 
had an increase when adding a higher percentage 
because the presence of the fiber provides a 
better resistance to the tray (Asim et al., 2015). 
Despite all these results, the Tukey test (p < 0.05) 
did not show significant differences between the 
treatments or type of fiber used. 
 

 
 

Figure 4. Water absorption capacity (WAC) for oca 
starch trays mixed with banana leaf fiber and achira. 
 

The percentage of elongation of the control tray 
was 1.36 and the values of the fiber treatments 
were between 0.68% to 1.13% (Figure 6), values 
lower than those of the commercial expanded 
polystyrene (2.82%) (Cabanillas et al., 2019) , for 
the trays made with banana fiber, the values 
decreased when the percentage of addition was 
increased, probably due to an interference of fiber 
agglomerates in the matrix (Cruz-Tirado et al., 
2019), producing trays with less elastic capacity, 
when Contrary to the achira fiber, which had an 
increase when adding a higher percentage due to 
the fact that there is a strong interaction between 
starch-fiber in low concentrations that can 
probably be attributed to the fiber size, obtaining 
trays with a higher percentage of elongation 
(Salgado et al., 2008). The Tukey test (p < 0.05) 
showed significant differences between the 
treatments, showing that the percentage of fiber 
addition has an influence on the elastic capacity. 
The resistance to perforation for the control tray 
was 15.396 ± 0.40 N, a value that is well below the 
value reported by (Cabanillas et al., 2019) of the 
EPS with 38 N of resistance to perforation. The 
values of the formulations with the highest 
percentage of fiber (7.5%) decreased significantly 
according to the Tukey test (p < 0.05). For the 
formulations that used banana leaf fiber, slightly 
higher values were obtained than those of achira 
leaf because they have a better adhesion with 
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goose starch, having as the best treatment the 
PW1 tray (2.5% of vegetable fibers) with a value 
of 20,006 N.  
 

 
 

Figure 5. Tensile strength for trays made of oca starch-
vegetable fibers. 

 

 
 

Figure 6. Elongation percentage for trays made of oca 
starch-vegetable fibers. 

 
The decrease in resistance could be due to the 
presence of fiber that weakened the cohesion 
between the starch structures, decreasing the 
expandability and producing discontinuity in the 
polymeric matrix (Cruz-Tirado et al., 2019; 
Salgado et al., 2008). The values obtained are well 
below EPS trays (commonly used), this could be 
associated with the low amount of cellulose 
present in the fibers used and the low solubility in 
water, giving the trays less resistance (Bénézet et 
al., 2012; Cabanillas et al., 2019; Properties, 
2014). 
The deformation of the formulated trays had a 
similar behavior with the resistance values (Table 
4) to perforation where the Tukey test (p < 0.05) 
determined that when adding a higher percentage 
of fiber, the deformation value decreased slightly 
with significant differences, obtaining AW2 as the 

best treatment with 4.52 mm of deformation. The 
reduction of this property could be associated with 
the low water absorption capacity, which functions 
as a plasticizer within the proposed formulations, 
making the biodegradable trays less deformable 
(Grossmann et al., 2006).  
 

Table 4 
Resistance to perforation and fracturing of the trays 
produced 

Treatment 
Puncture resistance 

(N) 
Deformation 

(mm) 

C 15.396±0.40 𝑎 4.59±0.14 𝑎 

PW1 20.006±0.65 𝑏 4.38±0.25 𝑎𝑏 

PW2 16.671±0.16 𝑏𝑐 4.15±0.28 𝑎𝑏 

PW3 10.787±0.28 𝑑 3.89±0.222 𝑐 

AW1 17.553±0.26 𝑏 4.13±0.19 𝑎𝑏 

AW2 15.788±0.30 𝑏𝑐 4.52±0.14 𝑎𝑏 

AW3 11.571±0.22 𝑑 3.94±0.212 𝑐 

 𝑎−𝑑  The Tukey test (p < 0.05) shows a significant difference 

between the treatments when the means of the same column 
contain different lowercase letters. 

 
FTIR spectroscopy 
Figure 7 shows the FTIR spectra obtained from 
the treatments performed, in all the samples the 
same spectral behavior was manifested. An 
absorption band at 3310 cm-1 is presented in all 
samples, which may indicate the presence of OH 
groups (Cabanillas et al., 2019) and the existence 
of H-bonding interactions between the 
components of the tray during their process. of 
thermoforming (Vercelheze et al., 2012). The 
bands present between 2920 and 2870 cm-1 are 
associated with the stretching of the CH molecule 
in the -CH2 and -CH3 groups and the conjugated 
bending vibrations of H- molecules. C – H and –C 
– O – H (Maniglia & Tapia-Blácido, 2016; 
Vercelheze et al., 2012). In addition, the bands 
present at 1630 cm-1 indicates an ester bond 
(Matsuda et al., 2013), which could be attributed 
to an intermolecular hydrogen interaction between 
water and starch, the fiber. The bands assigned to 
the carbohydrate vibrations appeared in the region 
between 1210 and 575 cm-1, which are associated 
with the stretching of the COH bond (glycosidic 
bond) (Pelissari et al., 2012), and could be due to 
the presence of starch molecules in the samples. 
Figure 7 shows that an increase in the 
concentration of the fibers used decreases the 
intensity in all the mentioned bands, which could 
indicate a weak interaction between the starch 
chains (Vercelheze et al., 2012) due to the lower 
proportion of starch in the trays formulated. 
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Figure 7. FTIR spectra of oca starch trays mixed with banana leaf fiber and achira. 

 

4. Conclusions 
This research demonstrated the possibility of 
making biodegradable trays of goose starch and 
fiber from vegetable leaves (banana and achira), 
a biodegradable product with a high-production 
tuber, highly appreciated in the Peruvian 
highlands and with vegetable leaves that are only 
used in a handcrafted. The addition of fiber in 
different concentrations (2.5%, 5% and 7.5%), 
generated trays with adequate expansion with 
homogeneously distributed fibers, acceptable 
appearance, low luminosity and a yellowish 
greenish color. As fiber concentrations increased, 
the ability to absorb water increased, however, 
moisture content, resistance to perforation and 
fracturing decreased. In general, the tray with 
2.5% banana leaf fiber (PW1) obtained the best 
results in this study, this amount and type of fiber 
reduced the capacity to absorb, increased the 
percentage of elongation, the tensile strength and 
is the tray with the highest puncture resistance. 
These trays can be used to pack dry food with a 
short shelf life and can be a viable alternative to 
replace the Styrofoam trays we use daily. 
In future work, the modification of starch should be 
prioritized, increasing the percentages of natural 
fibers to observe the behavior of the trays and 
evaluate the chemical composition of the fibers. 
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