
INTRODUCTION

The phenomenon of  microplas t ic 

pollution has emerged as a serious global 

environmental  issue,  with human 

exposure estimated to reach tens of 

thousands of particles per person annually 

(Zhao & You, 2024). In Indonesia, studies 

indicate that the population ingests an 

average of 15 grams of microplastics per 

month,  the highest  level  globally 

equivalent to approximately one ATM 

card. One of the dominant sources of these 

particles originates from the degradation 

o f  s i n g l e - u s e  p o l y m e r s ,  s u c h  a s 

Polypropylene (PP),  High-Density 

Polyethylene (HDPE), and Polystyrene 

(PS), which are widely utilized in food 

packaging (Wibowo et al., 2021). Globally, 

the food industry accounted for 47% of 

total plastic production for packaging in 

2022, driven by the increasing demand for 

low-cost and practical packaging solutions 

in the culinary sector, including small and 

medium enterprises (SMEs) in Indonesia 

(Williams & Rangel-Buitrago, 2022). These 

ndings highlight that plastic food 

packaging constitutes a major contributor 
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the urgent need to develop sustainable 

alternatives.

 Indones ia  holds  s ignicant 

potent ia l  for  the  development  of 

a l ternat ive materials  through the 

utilization of abundant local biomass. 

National cassava production, which 

reached more than 14.98 million tons in 

2022, has positioned it as an inexpensive 

a n d  r e n e w a b l e  s o u r c e  o f  s t a r c h 

(Kementerian Pertanian RI, 2023). In 

addition, bananas represent a major 

tropical commodity, with national 

production exceeding 92.6 million 

quintals  in 2024.  This  substantial 

production volume contributes to post-

harvest practices in which approximately 

80% of the banana plant biomass is 

discarded without further processing, 

g e n e r a t i n g  w a s t e  i n  t h e  f o r m  o f 

pseudostems rich in cellulose ber and 

peels with high pectin content (Mardiana 

et al., 2022). To date, such biomass residues 

remain underutilized and are often 

discarded, indicating considerable 

untapped potential. The integration of 
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cassava starch with banana waste, such as 

cellulose bers derived from pseudostems 

and pectin extracted from banana peels 

into biopolymers presents not only a 

sustainable solution for agricultural waste 

valorization but also an effective approach 

for substituting conventional plastic 

packaging (Ishara et al., 2024).

 Based on this potential, EcoThin 

was developed as a plant-based bio-

polymer that integrates cassava starch 

with banana pseudostem and peel waste 

through a functionalization strategy to 

produce food packaging that substitutes 

single-use plastics while extending shelf 

life without requiring multilayer synthetic 

polymers.  I ts  advantages include 

reducing sources of microplastics through 

the substitution of petroleum-based 

polymers with plant-derived materials, as 

well as minimizing microplastic residues 

through a material design that is readily 

biodegradable.

 The urgency of this innovation is 

underscored by estimates of human 

exposure to tens of  thousands of 

m i c r o p l a s t i c  p a r t i c l e s  a n n u a l l y , 

highlighting the need to mitigate pollution 

at its source, particularly from packaging 

as a logical preventive strategy (Zhao & 

You, 2024). The novelty of EcoThin lies in 

its end-of-life-oriented formulation, 

achieved through the integration of plant-

based bio-polymers with targeted 

f u n c t i o n a l i z a t i o n  t h a t  e n h a n c e s 

phys icochemica l  and  mechanica l 

propert ies  without compromising 

biodegradability, aligning with recent 

advances in biopolymer-based food 

packaging lms (Dirpan et al., 2023).

 The utilization of abundant and 

low-cost local materials positions this 

plant-based biopolymer as a promising 

candidate for sustainable food packaging 

production, with strong potential for 

integration into the supply chains of 

culinary SMEs, which represent one of the 

largest users of single-use packaging. This 

potential demonstrates that EcoThin can 

provide an environmentally friendly 

material solution characterized by high 

availability and relatively low production 

 

costs. Its contribution is not only effective 

in mitigating microplastic pollution but 

also aligns with the prevention principle 

within the solid waste management 

hierarchy. Furthermore, the implemen-

t a t i o n  o f  E c o T h i n  s u p p o r t s  t h e 

achievement of Sustainable Development 

Goal (SDG) 12, namely Responsible 

Consumption and Production.

RESEARCH METHODS

This study employed a laboratory-scale 

experimental  design conducted at 

Universitas Airlangga using the solvent 

casting method to produce biopolymer 

lms based on cassava starch, banana 

pseudostem ber, and banana peel pectin. 

The base composition used in each 

formulation consisted of 18 g of cassava 

starch, 5.47 g of glycerol, 600 mL of 

distilled water, and 1.8 g of acetic acid, a 

formulation previously demonstrated to 

be effective in related studies. Fiber and 

pectin were incorporated as additives at a 

total proportion of 40% of the dry weight of 

the base materials, following prior 

ndings indicating that this ratio yields 

lms with good stability. Cassava starch 

(Manihot utilissima) with 100% starch 

content, banana peel pectin (Musa 

paradisiaca L.) with 100% pectin, glycerol 

(99%), and acetic acid (100%) were 

obtained from the laboratory supplier UD. 

Sumber Ilmiah Persada, Surabaya. 

Meanwhile, banana pseudostem ber was 

sourced from Musa paradisiaca L. plants 

located in the vicinity of Universitas 

Airlangga. In this formulation, ber and 

pectin functioned as reinforcing additives, 

glycerol acted as a plasticizer, and acetic 

a c i d  s e r v e d  a s  t h e  s o l v e n t .  T h e 

formulations were arranged as follows: 

Sample A (control) without ber and 

pectin; Sample B (50:50) consisting of 3.6 g 

ber and 3.6 g pectin; Sample C (25:75) 

consisting of 1.8 g ber and 5.4 g pectin; 

and Sample D (75:25) consisting of 5.4 g 

ber and 1.8 g pectin.

 The banana pseudostem was 

subsequently processed through an 

extraction procedure involving cleaning, 

oven-drying at 60°C for 48 hours, and
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grinding to obtain dried bers, which were 

then sieved using a 0.2 mm mesh. The 

mixture of starch, ber, and pectin was 

dissolved in distilled water and heated on 

a hot plate with continuous stirring for 20 

minutes until gelatinization occurred, 

resulting in a homogeneous viscous 

solution. The solution was then cast into a 

mold measuring 22 × 22 cm with a 

thickness of 0.5 cm, followed by drying in 

an oven at 65°C until a thin lm was 

formed.The dried lm was subsequently 

stabilized in a desiccator for 48 hours to 

achieve equilibrium and structural 

stability  (Abera et al., 2024).

 The types of  data col lected 

included qualitative data, such as color, 

texture, aroma, and mechanical strength 

obtained through sensory evaluation, as 

well as morphological observations using 

a binocular light microscope (Olympus 

Cx21). Quantitative data were obtained 

through laboratory testing. Characteri-

zation of the biopolymer lms was 

conducted through morphological 

analysis, water uptake testing, and 

moisture content determination. The 

water uptake test was performed by 

immersing the samples in 100 mL of 

distilled water in a 500 mL beaker at room 

temperature. The sample mass was 

recorded at the onset of degradation by 

removing the sample and eliminating

surface water. The percentage of water 

uptake was calculated using the following 

equation:

W (%) = (W  -W ) / W  x 100      (1)A S O S

where  Ws  represents the weight of the 

sample after immersion (wet weight), and  

W0  represents the weight of the sample 

before immersion (dry weight).

 T h e  m o i s t u r e  c o n t e n t  w a s 

determined using the oven-drying 

method, in which the initial weight of the 

p lant -based  b iopolymer   lm was 

recorded, followed by drying at 105 °C for 

24 hours until a constant weight was 

achieved. The percentage of moisture 

content was calculated using the following 

equation: 

Moisture Content (%)= (w-d) / w x 100      (2)

where  w represents the initial weight of 

the sample (gram) and d represents the 

constant dry weight (gram).

 Data analysis techniques included 

qualitative descriptive analysis for sensory 

a n d  m o r p h o l o g i c a l  r e s u l t s ,  a n d 

quantitative descriptive analysis for 

laboratory test results. Statistical analysis 

of quantitative data, including moisture 

content and water uptake, was performed 

using Jamovi. Data were presented as 

mean values from three replicates (n = 3) to 

ensure statistical reliability. Differences 

among treatments were analyzed using 

Analysis of Variance (ANOVA), followed
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Sumber: Processed Primary Data, (2025)
Figure 1

Plant-Based Biopolymer Production Process
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by Tukey’s post hoc test to compare mean 

values. Differences were considered 

statistically signicant at a condence 

level of  p<0.05.

RESULTS AND DISCUSSION

Sensory Evaluation of Plant-Based

Biopolymer FilmsThe results of the 

sensory evaluation of cassava starch-

based bioplastic lms with the addition of 

banana pseudostem ber and banana peel 

pectin are presented in Table 2. Variations 

in the weight ratio of additives banana 

pseudostem ber and banana peel pectin 

(0:0; 50:50; 25:75; 75:25) demonstrated a 

clear inuence on the color, texture, odor, 

and mechanical strength of the bioplastic 

lms.

 The control biopolymer sample 

(0:0) exhibited a white color with a smooth 

texture, was odorless, and highly brittle. 

The 50:50 formulation showed a brown 

color with a slightly coarse and dry 

texture, a mildly sweet and slightly acidic 

odor, and strong as well as exible 

mechanica l  propert ies .  The  25 :75 

formulation produced a light brown color 

with a smoother dry texture, a mildly 

sweet and slightly acidic odor, and good 

strength, although it was less exible. 

Meanwhile,  the 75:25 formulation 

exhibited a dark brown color with a coarse 

dry texture, a mildly sweet and slightly 

acidic odor, and strong properties with 

limited exibility.

 The color changes followed a 

pattern associated with increasing 

biomass fraction, where brown intensity 

increased with higher ber content, while 

pectin dominance resulted in a lighter hue.

This pattern is consistent with the ndings 

of Azmin et al. (2020) who reported the  

inuence of cellulose and plant ber 

proportions on the color gradation of 

biopolymers. Surface texture exhibited a 

differential role, with pectin tending to 

produce smoother lms, whereas ber 

cont r ibuted  to  more  pronounced 

roughness. This observation aligns with 

the results of Othman et al. (2020) on 

starch-based biopolymer lms reinforced 

with banana ber.The slightly sweet and 

mildly acidic odor observed in additive-

containing formulations is attributed to 

natural volatile compounds present in 

pectin and ber, consistent with several 

studies utilizing banana biomass as a 

primary material (Ishara et al., 2024; Putra 

et al., 2022).

 The  qual i ta t ive  mechanica l 

properties indicated an overall improve-

ment in strength across all formulations 

compared to the control. The 50:50 

composition provided the most balanced 

combination of strength and exibility. In 

contrast, the 25:75 formulation exhibited a 

stiffer structure with a smoother surface, 

while the 75:25 formulation showed a 

rougher texture with high strength but 

limited exibility. These ndings are 

consistent with the study by Othman et al. 

(2020) which demonstrated the role of ber 

in enhancing tensile strength, albeit with 

some impact on lm homogeneity, as well 

as with Ishara et al. (2024) who conrmed 

the contribution of banana biomass in 

improving the mechanical properties of 

starch-based biopolymers.

Morphological Analysis

Figure 2 presents the morphology of plant-

based biopolymer lms at varying ratios of 

banana pseudostem ber and banana peel 

pectin. The microscopic visual differences 

observed at the given magnication 

indicate the inuence of composition on 

the homogeneity and compactness of the 

 

Table 1
Composition of Materials in Plant-Based Biopolymer Production

Source: Processed Primary Data, 2025

Ratio Banana pseudostem fiber  

(gram) 

Banana peel pectin  

(gram) 

Cassava starch  

(gram) 

0:0 0 0 18 

50:50  3,6 3,6 18 
25:75  1,8 5,4 18 
75:25  5,4 1,8 18 
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lms.

 The control lm (0:0) in Figure 2a 

exhibited a smooth and homogeneous 

surface, reecting a compact structure, 

consistent with pure starch-based lms 

reported by Othman et al. (2020) The 50:50 

formulation (Figure 2b) showed a dense 

yet rough surface with uneven ber 

distribution, which aligns with the 

ndings of Ishara et al. (2024), who 

reported increased surface roughness due 

to ber in-corporation.  The 25:75 

formulation (Figure 2c) displayed a 

relatively smoother surface with a more 

uniform distribution, indicating the role of 

pectin in enhancing matrix homogeneity. 

Meanwhile, the 75:25 formulation (Figure 

2d) exhibited ber agglomeration and 

non-uniform distribution, consistent with 

the study by Sivakumar et al. (2022) which 

associated higher ber concentrations 

with increased heterogeneity

in biopolymer lms.

Water Uptake Analysis

The water uptake test was conducted to 

evaluate the water absorption capacity of 

the biopolymers based on variations in the 

composition of banana pseudostem ber 

and banana pectin. 

 The comparative results of water 

uptake values are presented in Table 3. The 

water uptake test revealed that the control 

sample exhibited a negative value of 

–273.49%, indicating structural instability 

and material fragility. This occurred 

because the control sample consisted 

solely of starch without the addition of 

ber or pectin, resulting in relatively weak 

intermolecular bonding and an inability to 

withstand water penetration (Sivakumar 

et al., 2022). This nding is consistent with 

Halimatul et al. (2019), who reported that 

pure starch-based lms are highly 

hydrophilic, readily absorb water, and 

Source: Processed Primary Data, (2025)
Figure 2

Morphology of the Four Formulations of Plant-Based Biopolymer Films

Table 2
Sensory Evaluation of Plant-Based Biopolymer Films

Source: Processed Primary Data, 2025
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d e g r a d e  r a p i d l y ,  l e a d i n g  t o  l o w 

dimensional stability.

 In samples with the addition of 

ber and pectin, water uptake values 

increased, ranging from 52.74% to 70.66%. 

The 50:50 composition exhibited the 

lowest water uptake (52.74%), the 25:75 

composition showed the highest (70.66%), 

and the 75:25 composition reached 57.07%. 

The ANOVA results indicated signicant 

differences among groups (p < 0.001). 

Tukey’s post hoc test revealed that the 

control differed signicantly from all 

formulations (p < 0.001), whereas no 

signicant differences were observed 

among the three formulations (50:50, 

25:75, and 75:25) (p > 0.05). Thus, the 

addition of ber and pectin generally 

increased water uptake compared to the 

control. This nding is consistent with 

p r e v i o u s  s t u d i e s  o n  p l a n t - b a s e d 

biopolymers, which indicate that ber 

contributes to strengthening the structure 

and reducing lm porosity, while pectin 

inuences moisture-related properties 

and dimensional stability (Awad et al., 

2024; Bai et al., 2023; Hazrati et al., 2021). 

The variation in their ratios in this study 

did not produce signicant differences,  

suggesting that the presence of ber and

pectin itself plays a  more dominant role in 

enhancing water uptake than the specic 

compositional ratio.

Moisture Content Analysis

The moisture content test was conducted 

to determine the amount of residual water 

present in the biopolymer lms after the 

drying process. The lm samples were 

dried in an oven at 105 °C for 24 hours and 

removed once they began to show signs of 

degradation.Low moisture content in 

biopolymers is crucial, as it inuences 

storage stability, mechanical properties, 

and resistance to microbial growth 

(Bozyigit et al., 2021; Ishara et al., 2024). 

The average moisture content values for 

each variation are presented in Table 4.

 Based on the measurement results, 

the highest average moisture content was 

observed in the sample with a ber:pectin 

ratio of 50:50 at 15.51%, while the lowest 

was found in the 75:25 ratio at 5.56%. The 

control sample (without ber and pectin) 

exhibited a moisture content of 6.77%, and 

the 25:75 sample showed 7.42%. These 

variations indicate that the composition of 

ber and pectin inuences the lm’s 

ability to bind and retain water. The higher 

moisture content in the 50:50 sample is 

attributed to the more balanced of ber 

Source: Processed Primary Data, (2025)
Figure 3

Water Uptake Analysis of Each Formulation

Table 3
Water Uptake Analysis of Each Formulation

Source: Processed Primary Data, 2025

Ratio  Dry Weight (gram) Wet Weight (gram) Water Uptake (%) 

0:0 0.57 0.16 -273.49 

50:50 7.011 14.568 52.74 
25:75 8.164 28.089 70.66 
75:25 6.718 15.662 57.07 
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and pectin, consistent with Bernhardt et al. 

(2017) who reported that variations in 

ber concentration in pectin-based lms 

can affect moisture levels and water 

retention.In contrast, at a ber-dominant 

ratio (75:25), the moisture content 

decreased, as the increased ber content 

tends to produce a denser lm structure, 

thereby limiting water diffusion (Azmin 

et al., 2020; Pan et al., 2019).

 The statistical analysis further 

supports these ndings, as ANOVA 

revealed signicant differences among 

groups (p = 0.006). Tukey’s post hoc test 

indicated that the 50:50 sample differed 

signicantly from the control (p = 0.015), 

the 1:3 ratio (p = 0.023), and the 3:1 ratio (p 

= 0.007), while the other groups did not 

show signicant differences.  This 

conrms that the increase in moisture 

content predominantly occurs in the 

balanced formulation (50:50), whereas 

other variations tend to yield values 

comparable to the control. This pattern is 

consistent with the ndings of Bernhardt 

et al. (2017) which highlight the role of 

balance between starch and ber in 

biopolymer formation, and also aligns 

with studies indicating that  ber 

dominance can reduce moisture content

due to the formation of a denser lm 

structure (Sivakumar et al., 2022). Thus, 

these results demonstrate that a balanced 

ber: pectin ratio produces the most 

distinct properties and has important 

i m p l i c a t i o n s  f o r  t h e  s t a b i l i t y  o f 

biopolymer lms as biodegradable food 

packaging.

Potential Application for SMEs

The results of this study indicate that 

plant-based biopolymer lms derived 

from cassava starch, banana pseudostem 

ber, and banana peel pectin have strong 

potential to be developed as environ-

mentally friendly food packaging 

materials. Although the research is still 

l i m i t e d  t o  l a b o r a t o r y - s c a l e   l m 

production, the evaluated characteristics, 

such as moisture content, water uptake, 

morphology, and sensory properties 

provide an initial indication of the 

material’s feasibility as an alternative to 

single-use plastics. This is particularly 

relevant to the needs of culinary small and 

medium enterprises (SMEs), which 

generally still rely on packaging materials 

made from polypropylene (PP), high-

density polyethylene (HDPE), and 

polystyrene (PS).

 The plant-based biopolymer lms

Source: Processed Primary Data, (2025)
Figure 3

Moisture Content Analysis of Each Formulation

Table 4
Moisture Content Analysis of Each Formulation

Source: Processed Primary Data, 2025

Ratio  First Weight  (gram) Last Weight  (gram) Moisture Content (%)  

0:0 0.858  0.800  6.77 
50:50  5.075  4.606  15.51 

25:75  4.846  4.458  7.42 
75:25  5.363  5.079  5.56 
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developed in this study, derived from 

cassava starch, banana pseudostem ber, 

and banana peel pectin, demonstrate 

strong potential to be further developed 

into biodegradable food packaging that is 

more applicable for SMEs. The utilization 

of abundant local raw materials can 

r e d u c e  p r o d u c t i o n  c o s t s  w h i l e 

simultaneously increasing the added 

value of agricultural waste such as banana 

stems and peels.Future development 

should focus on the application of 

processing techniques such as molding 

and hot-press forming to produce 

packaging resembling food containers, 

quantitative evaluation of mechanical 

properties including tensile strength and 

tear resistance, and pilot-scale trials to 

assess the feasibility of mass production. 

Thus, this innovation not only contributes 

to reducing microplastic generation but 

also supports the sustainability of small 

enterprises by providing environ-

mentally friendly packaging alternatives 

that are ready for adoption by SMEs. 

Furthermore, future distribution through 

digital platforms may accelerate the wider 

adoption of this product.

CONCLUSION

This study successfully developed 

biocomposite lms based on cassava 

starch, banana pseudostem ber, and 

banana peel pectin using the solvent 

casting method with variations in ber 

a n d  p e c t i n  r a t i o s .  T h e  r e s u l t s 

demonstrated that the addition of ber 

and pectin signicantly inuenced the 

sensory characteristics, morphology, 

water uptake, and moisture content of the 

lms. The balanced formulation of 

banana pseudostem ber and pectin 

(50:50) provided the best combination of 

exibility and homogeneity. In general, 

the resulting lms exhibited low moisture 

c o n t e n t  a n d  r e l a t i v e l y  c o m p a c t 

morphology, indicating their potential as 

biodegradable food packaging.For 

further development, future studies 

should include quantitative mechanical 

testing, such as tensile strength, as well as

the formation of biopolymers into three-

dimensional food container shapes to 

enhance their applicability for culinary 

SMEs.
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