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Development and characterization of biodegradable films based on banana starch
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Abstract

The objective of this research was to develop and characterize the use of biodegradable films based on banana starch. Green
bananas of the Pacovan, Prata, and Prata Ana varieties will be separated into batches and washed in running water to remove
dirt and foreign matter. They will then be immersed in a 200 ppm sodium hypochlorite solution for sanitization and manually
peeled. Homogenization will be carried out in a 1% ascorbic acid solution at 5 °C, in a ratio of 0.25 kg/liter using an industrial
blender with 600 W power for 2 min. The bromatological composition of the three banana varieties (Pacovan, Prata, and Ani)
showed significant variations in some parameters. The contents of dry matter, organic matter, ash, crude protein, ether extract,
and total carbohydrates did not differ statistically among treatments (p > .05), indicating uniformity in these components.
Dry matter ranged from 81.80 to 82.39%, while organic matter remained constant at 98.84%. Ash and crude protein contents
were similar among the varieties, with average values of 1.17 and 1.58%, respectively. The ether extract showed slight variation,
with values between 0.70 and 0.74%. The analysis of the Pacovan, Prata, and Anéa banana varieties revealed distinct profiles
of bioactive compounds, with statistically significant variations (p < .05) among them. These differences highlight the specific
nutritional and functional potential of each cultivar. The Prata variety showed a phenolic compound content 255% higher than
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Pacovan and 30% higher than Anj, indicating strong antioxidant capacity.

Keywords: antioxidant activity; bioactive compounds; climacteric fruits; shelf life extension.

Practical Application: Extends the shelf life of grapes using eco-friendly banana starch films, reducing post-harvest losses.

1 INTRODUCTION

Fruit farming stands out as one of the most dynamic and
strategic sectors of Brazilian agribusiness, driving a high-val-
ue-added production chain and generating employment and in-
come across various regions of the country. Brazil, endowed with
favorable edaphoclimatic conditions, ranks among the world’s
largest fruit producers. However, this productive prominence
contrasts with a still modest participation in the global export
market (Instituto Brasileiro de Geografia e Estatistica [IBGE],
2020), a paradox largely explained by logistical challenges and
post-harvest losses. The high perishability of climacteric and
non-climacteric fruits imposes a restricted marketing window,
making quality management and shelf life a critical factor for
the sector’s competitiveness (Vidal, 2021).

In this context, table grapes (Vitis vinifera L.), especially
the «Italia» cultivar, and bananas (Musa spp.) exemplify both

the potential and vulnerability of national fruit farming.
The «Italia» grape, adapted to technological production hubs
such as the Sdo Francisco Valley and regions in Sdo Paulo and
Parana, holds significant economic importance, but its pro-
duction chain is marked by substantial losses that can occur
from the field to the final consumer (Ledo, 2021). Similarly,
bananas, one of the most consumed foods in Brazil and a
pillar of food security (Carvalho et al., 2017), face post-har-
vest losses that can reach 30%, an alarming rate attribut-
ed to mechanical damage, uneven ripening, and especially
deterioration caused by phytopathogenic microorganisms
(Caldarelli et al., 2009).

The conventional response to extending the shelf life of
these fruits has been the use of modified atmosphere packaging,
predominantly based on synthetic polymers. Although effec-
tive in delaying senescence processes, these materials, derived
from non-renewable sources, generate significant environmental
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Banana starch films for grape preservation

liabilities. Their low degradation rate and accumulation in land-
fills and aquatic ecosystems represent a growing contradiction
in the face of global demand for sustainability (Doppalapudi
et al., 2014). This issue drives the scientific community to seek
innovative solutions that combine preservation efficiency with
ecological responsibility.

In this scenario, biodegradable edible coatings and films
emerge as one of the most promising technologies for food
preservation. Formulated from natural polymers such as poly-
saccharides, proteins, and lipids, these coatings form a thin
and imperceptible film on the fruit’s surface (Lima, 2021). This
semipermeable barrier modulates gas exchange with the en-
vironment, reducing respiratory rate and water loss through
transpiration, while also serving as a vehicle for antimicrobial
and antioxidant agents, inhibiting pathogen proliferation (Dan-
tas et al.,, 2015; Ortiz et al., 2024).

Among polysaccharides, starch stands out as an ideal
raw material due to its abundance, low cost, biodegradability,
and excellent film-forming properties (Mali et al., 2010).
The exploration of unconventional starch sources, such as
green bananas, adds even more value to the technology.
Considered a low commercial value residue or by-prod-
uct, green bananas contain a starch content that can reach
27.2% (Mesquita et al., 2016), representing a sustainable and
economically viable source. Previous studies have already
confirmed the potential of starch-based coatings from other
sources, such as cassava, to delay ripening and preserve ba-
nana quality (Costa et al., 2019; Silva et al., 2015), validating
the concept’s effectiveness.

However, research on the application of biofilms—espe-
cially those derived from banana starch on table grapes—is
still incipient. The transfer and adaptation of this technology
to the «Italia» cultivar could represent a significant advance-
ment, offering a low-cost solution to extend shelf life, reduce
the use of synthetic fungicides, and add value to a product
of great importance for export. The central hypothesis of
this study is that a biofilm based on green banana starch
can act as an effective barrier, delaying senescence processes
and protecting «Itdlia» grapes from deterioration, thereby
increasing their shelf life. The objective of this research is
to develop and characterize the use of biodegradable films
based on banana starch.

1.1 Relevance of the work

The relevance of this study lies in its contribution to sus-
tainable post-harvest technologies for fruit preservation. By
utilizing starch extracted from green bananas of the Pacovan,
Prata, and Ana varieties, the research proposes biodegradable
edible films as an eco-friendly alternative to synthetic packaging.
These films aim to extend the shelflife of «Italia» grapes, reduce
microbial deterioration, and minimize environmental impact.
The distinct nutritional and bioactive profiles of each banana
variety enhance the functional potential of the coatings. This
approach aligns with global demands for sustainability, food
safety, and innovation in agribusiness, especially within the
Brazilian fruit production chain.

2 MATERIAL AND METHODS

2.1 Origin, harvesting, and transport

Bananas of the Pacovan, Prata, and Prata Ana varieties will
be selected from commercial plantations in the municipality of
Campina Grande - PB and surrounding areas. The fruits used
will be at ripening stage 1, with completely green peel, according
to Von Loesecke (1949); preferably, those that do not meet the
standards established for commercialization will be used. Har-
vesting will be done manually in the morning, following good
agricultural practices. The fruits will be placed in harvest boxes
and transported to the Post-Harvest Physiology Laboratory/
Universidade Federal de Campina Grande (UFCG) for starch
extraction and characterization.

2.2 Starch extraction

Green bananas of the Pacovan, Prata, and Prata An4 variet-
ies will be separated into batches and washed in running water
to remove dirt and foreign matter. They will then be immersed
in a 200 ppm sodium hypochlorite solution for sanitization and
manually peeled. Homogenization will be carried out in a 1%
ascorbic acid solution at 5 °C, in a ratio of 0.25 kg/liter using an
industrial blender with 600 W power for 2 min. The material
will then be passed through a 60 mesh sieve (0.250 mm) and
allowed to settle for 4 h at 5 °C. After this period, the supernatant
will be discarded, and the settled starch will be resuspended in
distilled water, passed through a 200 mesh sieve (0.074 mm),
and allowed to settle for 12 h at 5 °C. The supernatant will again
be discarded, and the obtained starch will be resuspended in
distilled water to form a new suspension and centrifuged at 3,000
rpm for 15 min, with the supernatant discarded sequentially.
The starch suspension and settling procedures will be carried
out in a refrigerated environment.

2.3 Starch drying

Starch drying will be performed using the following
methods:

o Drying in an air-circulating oven at 40 °C, with weighing
at different time intervals over 24 h. After this procedure,
the samples will be ground using a Willey-type knife mill
(macro), and the starch will be vacuum-packed and stored
under refrigeration for further evaluation (Mesquita et al.,
2016).

o Freeze-drying - The starch will be spread on trays and dried
in a freeze dryer, model LS 3000, at —45 °C. The obtained
starch will be stored in a clean, dry container under refrig-
eration for further evaluation (Mesquita et al., 2016).

Physicochemical Evaluations

Plant samples were stored in freezers at —10 °C at the Food
and Animal Nutrition Laboratory (LANA) of INSA. After this
procedure, the samples were thawed, weighed, placed in bags,
and pre-dried in an air-circulating oven, model MA035 from
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MARCONTI, a national company, for 72 h at 55 °C. The samples
were ground in a Willey-type knife mill, brand De Leo, model
EDB-5, manufactured in Brazil, with a 2-mm sieve, placed in
plastic containers, and stored in freezers at —10 °C for laboratory
determinations. Procedures were carried out to determine air-
dried sample (ASA), oven-dried sample (ASE) and dry matter
(DM), mineral matter (MM), crude protein (CP), and ether
extract (EE), neutral detergent fiber (NDF), and acid detergent
fiber (ADF) of the plant species, following the methodologies:
(Inct - Ca G-001/1), (Inct - Ca G-003/1), (Inct - Ca M-001/1),
(Inct - CaN-001/1), (Inct - Ca G-005/1), (Inct - Ca F-001/1),
and (Inct - Ca F-003/1), respectively (Detmann et al., 2012). For
NDF determination, adaptations such as the use of alpha-am-
ylase and 8 molar urea were applied (Melo et al., 2006). The
organic matter (OM) content was obtained by the difference
between organic and MM. For the estimation of non-fibrous
carbohydrates (NFC) and total carbohydrates (TCHO), the
following equations proposed by Mertens (1997) and Sniffen
et al. (1992) were used: NFC = 100 - (%NDF + %CP + %EE +
9%MM) and TCHO = 100 — (%CP + %EE + %MM).

2.4 Bioactive compounds

The analysis of bioactive compounds and physicochemical
parameters was performed according to methodologies previ-
ously described in the scientific literature. Total phenolic com-
pounds were determined using the Folin-Ciocalteu method,
with gallic acid as the standard. Samples were extracted with
methanol and read in a spectrophotometer at 765 nm, according
to Cavalcante et al. (2024).

Total chlorophyll, chlorophyll A, and chlorophyll B were
quantified by extraction with 80% acetone, followed by spec-
trophotometric readings at 645 and 663 nm, according to
Lichtenthaler and Wellburn (1983). Total carotenoids were
extracted with acetone and quantified by spectrophotometry
at 470 nm, following the methodology described by Rodri-
guez-Amaya (2001).

Total flavonoids were determined by complexation with alu-
minum chloride (AICl;), with readings at 420 nm, using quer-
cetin as the standard (Shraim et al., 2021). Total anthocyanins
were quantified using the pH differential method, with buffers
at pH 1.0 and 4.5, and readings at 520 and 700 nm, according
to Giusti & Wrolstad (2001). Total sugars were determined by

the colorimetric method of DuBois et al. (1956), using phenol
and sulfuric acid, with spectrophotometric reading at 490 nm.
pH was measured directly using a calibrated potentiometer,
according to Association of Official Analytical Chemists stan-
dards (AOAG, 2019).

Titratable acidity was determined by titration with 0.1 N
NaOH solution, using phenolphthalein as an indicator. Results
were expressed as citric acid equivalent, according to AOAC
Official Method 942.15. Soluble solids content (°Brix) was ob-
tained by direct refractometry, according to AOAC Official
Method 932.14. Vitamin C (ascorbic acid) was quantified by
titration with 2,6-dichlorophenolindophenol solution, accord-
ing to AOAC Official Method 967.21. In specific cases, spectro-
photometric reading at 520 nm was used, according to Hoehne
and Marmitt (2019).

2.5 Statistical analysis

The data obtained were subjected to analysis of variance
(ANOVA). The physicochemical evaluation and bioactive com-
pounds of the starch were compared using Tukey’s test (p <.05)
in relation to the banana variety, with the aid of PROC GLM
from SAS OnDemand (SAS Intitute, 2025). The physicochem-
ical composition of the «Italia» grape was analyzed using a 4 x
3 factorial design, consisting of four storage times (0, 7, 14, and
21 days) and three types of biodegradable film (Pacovan, Prata,
and Ana banana starch).

3 RESULTS

The bromatological composition of the three banana va-
rieties (Pacovan, Prata, and And) showed significant varia-
tions in some parameters. The contents of DM, OM, ash, CP,
EE, and TCHO did not differ statistically among treatments
(p>.05), indicating uniformity in these components. DM ranged
from 81.80 to 82.39%, while OM remained constant at 98.84%.
Ash and CP contents were similar among the varieties, with
average values of 1.17 and 1.58%, respectively. The EE showed
slight variation, with values between 0.70 and 0.74% (Table 1).

On the other hand, statistically significant differences were
observed for NDE, ADFE, and NFC. NDF was highest in the Ana
variety (5.78%), followed by Prata (4.49%) and Pacovan (3.13%),
with p = .0004. ADF also showed significant differences (p =

Table 1. Physicochemical evaluation of starch from Pacovan, Prata, and Prata Ana bananas.

Variable (%) Type of banana ~ SEM p-value
Pacovan Prata Prata ana

Dry matter 81.80 82.32 82.39 0.24 1530
Organic matter 98.84 98.84 98.84 0.005 .6495
Ash 1.17 1.16 1.17 0.005 .6495
Crude protein 1.58 1.57 1.58 0.07 9963
Ethereal extract 0.70 0.73 0.74 0.01 2617
Fiber in neutral detergent 3.13¢ 4.49 5.78a 0.11 .0004
Fiber in acid detergente 1.14b 1.22¢ 1.26a 0.008 .0092
Non-fibrous carbohydrates 93.44a 92.06b 90.75¢ 0.05 <.0001
Total carbohydrates 96.57 96.55 96.53 0.07 .8585

SEM: tandard error of the mean; Different letters in the line differ from each other by the Tukey’s test.
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.0092), being higher in the Ana (1.26%) and Prata (1.22%) vari-
eties compared to Pacovan (1.14%). NFC levels were highest in
Pacovan (93.44%), followed by Prata (92.06%) and Ana (90.75%),
with a highly significant difference (p < .0001) (Table 1).

The analysis of the Pacovan, Prata, and Ana banana vari-
eties revealed distinct profiles of bioactive compounds, with
statistically significant variations (p < 0.05) among them (Ta-
ble 2). These differences highlight the specific nutritional and
functional potential of each cultivar. The Prata variety showed
a phenolic compound content 255% higher than Pacovan and
30% higher than An4, indicating strong antioxidant capacity.

In contrast, Pacovan and Prata presented similar levels of
total chlorophyll, both more than 560% higher than An4, which
may be related to the ripening stage or specific physiological
characteristics. The Ani variety stood out for its higher levels
of chlorophylls A and B (up to 56% higher), carotenoids (170%
higher than Prata), anthocyanins (almost 90% higher than
Pacovan), and vitamin C (about 9% higher than the others).

Regarding physicochemical characteristics, the more acidic
pH and higher titratable acidity of Prata suggest a more intense
flavor and greater preservation potential. The °Brix was also
130% higher in this variety compared to Pacovan, indicating a
higher sugar concentration and more advanced ripening.

4 DISCUSSION

The bananas showed an average value 0£ 82.17% DM, 98.84%
OM, 1.17% ash, 1.58% CP, 0.72% EE, and 96.55% TCHO. The
protein content is similar to that reported by Unicamp (2013)
for Prata Ana bananas (1.4%), while the carbohydrate levels
in the fruit were much higher than those found in that study.

Pires et al. (2014) observed that green banana pulp con-
tained 0.6 ash, 2.4% fiber, 0.32% lipids, 1.45% protein, and 70.3%
initial moisture. They also characterized banana flour, which
showed 11.4% moisture, 2.17% ash, 0.58% lipids, 0.45% protein,
and 84.36% TCHO. Green banana flour from the Nanicio vari-
ety with peel contains, on average per 100g of the product, 7.72%

moisture, 4.07g protein, 1.36g lipids, and 73.01g carbohydrates
(Borges et al., 2009).

According to Juarez-Garcia et al. (2006), green banana
flour from the Terra variety contains 7.1% moisture, 4.7% ash,
2.7% lipids, 3.3% protein, 14.5% dietary fiber, and 73.4% total
starch. Moraes Neto et al. (1998) found lower average values
of 3.3g/100g protein in green banana flour (Musa sapientum)
from the Prata variety using solar drying.

Borges (2014) found a moisture value of 7.4g/100g for green
banana flour from the same Nanico variety, used in bakery product
formulations. Moisture determination in food is highly important, as
water significantly influences characteristics such as appearance, fla-
vor, structure, and susceptibility to microbial spoilage (Brasil, 2001).

When flour has an ash content between 0.66 and 1.35%, it
is considered common. To be classified as whole flour, it must
have a maximum ash content of 2.0%, all values on a dry basis
(Brasil, 2001). Pessoa (2009) observed ash content in banana
peel flour of 1.50% for Prata, 1.87% for Pacovan, and 1.58% for
Prata Ana. Andrade et al. (2017) produced green Prata banana
flour using both peel and pulp and found protein content of
3.0% and ash content of 2.2%.

Sa et al. (2021) reported that green Prata banana flour had
4.19% ash and 5.40% protein. Bezerra et al. (2013), in a previ-
ous study with Cavendish bananas, reported protein content of
4.33g/100g, ash of 2.72g/100g, fiber of 15.52g/100g, and starch
of 68.42g/100g. This variation in values can be explained by
the wide variety of banana cultivars found in Brazil, as well as
different planting conditions.

According to Medeiros et al. (2010), green banana flour
from the Prata cultivar showed the following chemical composi-
tion in g/100g for wet and dry basis: EE, 0.68 and 0.70; CP, 4.50
and 4.73; crude fiber, 1.01 and 1.17; ash, 2.59 and 2.68; carbo-
hydrates, 87.92 and 90.72; starch, 72.72 and 75.20; and caloric
value, 373.00 and 385.30 kcal/100g, respectively. Among the
main chemical constituents of green banana is resistant starch,
which may account for 55-93% of total solids, along with fiber
levels that can reach up to 14.5%.

Table 2. Average and standard deviation of the bioactives of three banana varieties.

Lo . Type of banana
Bioactives Unit of measurement .
Pacovan Prata Prata and
Phenolic compounds mg gallic acid equivalent/100 g 232.29%0.17¢ 826.42+0.7a 637.89 £0.3b
Total chlorophyll ug/g fresh matter 3913.86 £ 0.5a 3899.00 £ 0.0a 587.02+2.2b
Chlorophyll A ug/g fresh matter 1.50 £0.0b 1.50 £0.0b 2.10+0.0a
Chlorophyll B ug/g fresh matter 2.38+0.0b 2.30£0.0b 3.60£0.0a
Carotenoids mg/100g fresh matter 0.03%+0.3¢ 0.05£0.0b 0.08 £0.0a
Flavonoids mg catechin equivalent/100g 0.80%0.0c 1.80 +0.0a 1.60 = 0.0b
Anthocyanins mg cyanidin-3-glycoside/100g 0.09+0.0c 0.14£0.0b 0.17£0.0a
Total sugars g/100g fresh matter 1.92£0.1b 4.01£0.1a 1.70 £0.0b
pH - 3.13+0.02a 3.03£0.0c 3.08 £0.05ab
Titratable acidity g citric acid/100 g 0.57£0.01c 0.94+0.01a 0.92+0.0b
° Brix (soluble solids) °Brix (total soluble solids) 0.20 £ 0.05¢ 0.46 £ 0.5a 0.30 £ 0.0b
Vitamin C mg ascorbic acid/100g 33.30 +0.02b 33.30 +0.05b 36.23+0.05a

Different letters in the line differ from each other by the Tukey’s test.
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The Prata variety showed a phenolic compound content
255% higher than Pacovan and 30% higher than Prata Ana,
indicating strong antioxidant capacity. This group of compounds
is known for neutralizing free radicals and preventing chronic
diseases (Sousa et al., 2011). Additionally, Prata also had the
highest levels of flavonoids and total sugars, traits associated
with palatability and anti-inflammatory effects.

In contrast, Pacovan and Prata had similar levels of total
chlorophyll, both more than 560% higher than Prata Ana, which
may be related to the ripening stage or specific physiological
traits. Although chlorophyll is more commonly associated with
photosynthesis in leaves, its presence in fruits may affect col-
oration and protection against radiation (Sabino et al., 2014).

Prata Ana stood out for its higher levels of chlorophylls
A and B (up to 56% higher), carotenoids (170% higher than
Prata), anthocyanins (almost 90% higher than Pacovan), and
vitamin C (about 9% higher than the others). These compounds
are linked to benefits such as vision protection, immune sup-
port, reduction of oxidative damage, and anti-inflammatory
properties (Borges et al., 2012; Sabino et al., 2014). This high
concentration reinforces the functional appeal of Prata Ana for
nutritional formulations aimed at health promotion.

Regarding physicochemical characteristics, the more acidic
pH and higher titratable acidity of Prata suggest a more intense
flavor and greater preservation potential. The °Brix was also
130% higher in this variety compared to Pacovan, indicating a
higher sugar concentration and more advanced ripening—fac-
tors that directly influence fruit acceptance (Sousa et al., 2011).

Therefore, the results reveal that Prata has high sweetness
and antjoxidant potential, making it suitable for direct consump-
tion; Prata And presents a more complete functional profile,
with emphasis on health-promoting bioactive compounds; and
Pacovan, despite having lower levels in several parameters,
shows agronomic potential, as evidenced by its high total chlo-
rophyll content.

These particularities can guide the use of different varieties
in the food industry, whether for producing purées, flours, nutri-
tional bars, or juices, and contribute to strategies for diversifying
and adding value to bananas in the regional market.

5 CONCLUSIONS

The application of biodegradable films made from starch of
different banana varieties significantly influenced the physico-
chemical preservation of «Italia» grapes during shelflife. Films
produced with starch from Prata and Ana bananas showed
greater effectiveness in maintaining soluble solids and moisture,
contributing to the preservation of the fruits’ sensory and nu-
tritional quality. On the other hand, Pacovan starch stood out
for its retention of vitamin C at more advanced storage stages,
although it showed greater loss of sugars and moisture.
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