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ABSTRACT

Blueberries (Vaccinium spp.), valued by consumers for their sensory and nutritional qualities, have
a limited shelf life. Preliminary results showed that 14-day storage of blueberry fruits at 3.5°C enveloped
in edible films made of biopolymers containing red onion extract delayed quality decline. Analysis of the
films revealed higher antioxidant content in the 5% and 10% extracts compared to the films without extract.
The decline in berry firmness was significantly delayed in the fruits enveloped with films containing 5% or
10% extract. When wrapped with a film with red onion extract, the berries darkened and reddened, but this
had no effect on the total soluble solids and antioxidant content. This is the first report on the use of red
onion-based films in blueberry fruit during short-term storage. Further research is needed to enhance the
appearance of the film, specifically the color changes from onion extracts. The effect of agronomic man-

agement and genotype on blueberry quality requires further investigation.
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INTRODUCTION

Blueberry (Vaccinium spp.) is the second
most produced berry crop worldwide (FAO 2023).
Consumer preference for this berry is driven by its
taste and high content of health-promoting phyto-
chemicals, establishing its status as a superfood
(Krishna et al. 2023). Blueberries are highly per-
ishable. After harvest, their appearance, taste, and
texture decline, leading to consumer dissatisfac-
tion and increased food loss and waste (Casorzo et
al. 2024). Postharvest strategies to reduce deterio-
ration are essential for maintaining blueberry
quality and extending shelf life. Edible biopoly-
mer-based films are safe for consumption and
have become a sustainable alternative to plastic
packaging (Summo & De Angelis 2022).
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Edible films are thin, preformed solid layers
made of materials suitable for consumption that can
be used as wraps, either on or between food products
(McHugh 2000; Falguera et al. 2011). They can be
based on proteins (gelatin, casein), polysaccharides
(starch, alginate, agar), and lipids (glycerides, paraf-
fin) and allow the incorporation of additives (Diaz-
Montes & Castro-Mufioz 2021). In fresh produce,
edible films act as protective layers against mechan-
ical damage and water loss. They also function as
modified atmosphere packaging, altering the rate of
gas exchange to slow deterioration and spoilage
(Gammage & Marangoni 2025). Additives such as
bioactive compounds, essential oils, and other natu-
ral extracts have become a viable alternative for en-
hancing the functionality of edible coatings (Bala-
krishnan et al. 2025; Sholokhova et al. 2025).
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The food industry generates copious amounts
of waste from onion (Allium cepa) processing, in-
cluding roots and peels, which exhibit antioxidant,
antimicrobial, and anticarcinogenic biological ac-
tivity (Chadorshabi et al. 2022; Jaganmohanrao
2025). Valorization of onion waste and byproducts
to films for the fresh produce industry offers a sus-
tainable approach to reducing food losses (Kumar et
al. 2022a, b). Adding onion peel or shallot extracts
to films resulted in higher phenolic and anthocyanin
content, antioxidant activity, and lower film water
solubility (Santos et al. 2021; Gulati et al. 2023). It
also effectively controlled browning of fresh-cut
produce during storage (Thivya et al. 2021).

This study aimed to assess the effect of edible
films based on red onion peel extract on the quality
of blueberry during postharvest storage. It was hy-
pothesized that the bioactive compounds in the
films would extend blueberry shelf life. Characteri-
zation of the edible films and blueberry fruit was
carried out before and after 14 days of storage at
3°C. This is the first report of the effect of red onion
peel extract-based edible films on the performance
of blueberry fruit during storage.

MATERIALS AND METHODS

Onion extract preparation

Red onions (Allium cepa) of unknown cultivar at
horticultural maturity were purchased from a local
market in Concepcion, Biobio Region, Chile, in De-
cember 2022. They were stored overnight at 3°C
and used the next day. The dry outer layer was re-
moved, placed in an infrared food dehydrator (IR
D5, Counter Intelligence, South Korea) at 50°C for
three days, and ground to a fine powder. Ten grams
of the powder was mixed with 100 mL water and
ethanol (1 : 1), sonicated in an ultrasonic cleaner
(Branson 5800, Emerson, USA) for 30 min, and fil-
tered. The solvent was evaporated using a rotary
evaporator (RE100-PRO DLab, China) at 38 rpm
and 72°C. A fine powder of red onion extract (ROE)
was obtained and then stored at 4°C.
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Alginate film preparation

Alginate films were prepared according to Rhim
(2004) with some modifications. Alginate solutions
at 2% (w/v) were prepared by mixing 2 g of sodium
alginate with 100 mL of distilled water at 60°C.
ROE was then added to final concentrations of 5%
(EXS) and 10% (EX10) (w/v), based on the weight
of alginate. These procedures were based on previ-
ous results and their effect on the physicochemical
and mechanical properties of the films (data not
shown). After cooling to room temperature, 3 g of
glycerin was added to the solutions, shaken for
30 min, and then 20 g was transferred evenly to
a 150 x 15 mm Petri dish. Calcium chloride at 1%
(w/v) was sprayed onto a Petri dish, which was
placed in a vacuum dryer oven (BIOBASE 30, BI-
OBASE, China) at 40°C for 2448 h and then in
a desiccator for 24-48 h. The film was carefully re-
moved from the Petri dish and placed on wax paper
until use. The EXO film was obtained by the same
process, but without the addition of ROE.

Edible films characterization

CIELab color determination

Film color was determined using a colorimeter (CS-
10, CHN Spec, China) with a D65/10° illumi-
nant/observer system and an L*a*b* scale. Five
readings were averaged for each film.

Antioxidant extract preparation

The films were cut into small pieces, 100 mg of
which was homogenized with 2 mL of a 1 : 1 etha-
nol-water mixture at room temperature with con-
stant agitation for 30 min. The extract was used in
the next steps.

Total phenolic content (TPC)

TPC was determined by the Folin—Ciocalteu method
(Pefiarrieta et al. 2009; Gasti et al. 2021) with some
modifications. In a test tube, 100 puL of extract was
mixed with 1,450 pL of deionized water and 100 pL
of tenfold diluted Folin—Ciocalteu reagent, homoge-
nized, and incubated for 8 min. Then, 300 pL of 20%
(w/v) aqueous sodium carbonate solution was added,
the mixture was vortexed, and incubated in an oven
at 25 °C for 120 min. The absorbance of the solution
was measured at 750 nm using a UV—visible spec-
trophotometer (Jasco V-530, Shimadzu, Japan). Gal-
lic acid was used as a standard for the calibration
curve (0-200 pg'mL™"). Three technical replicates
were used. TPC was expressed as mg of gallic acid
equivalent (GAE) per g of film.
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2.2-diphenyl-1-picrylhydrazyl (DPPH) scavenging
activity

DPPH scavenging activity was determined as de-
scribed by Fan et al. (2022), with some modifications.
A 300 pL aliquot of the extract was mixed with 300 pLL
100% (v/v) ethanol and 900 pL of DPPH, incubated
at room temperature for 30 min, and the absorbance
was recorded at 517 nm (Jasco V-530, Shimadzu, Ja-
pan). A calibration curve prepared with Trolox was
used as the standard. Three technical replicates were
used. Results were expressed as mg of Trolox equiv-
alent antioxidant capacity (TEAC) per g of film.
2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid

Fruit characterization

CIELab color determination of the berry surface
Color was determined using a colorimeter. Three
readings were taken from the equator of each
berry and averaged. The Hue angle was calculated
as tan"!(b*/a*), and Chroma as (a*>+b*?)!2,
Fresh weight (FW) loss

The weight of eight berries was measured individu-
ally for each treatment on days 0 and 14 of cold stor-
age. Weight loss was expressed as the percentage of
the difference between initial and final weight
(Chiabrando & Giacalone 2011).

Firmness

(ABTS) antioxidant capacity

The antioxidant capacity of ABTS was assessed as
described by Pefiarrieta et al. (2009), with some
modifications. The ABTS<" radical was generated
by adding potassium persulfate (K2S20s), and on the
day of analysis, the ABTSe" solution was diluted
with ethanol to an absorbance of 0.70 (+0.02) at
734 nm. After adding 3.0 mL of ABTS+" solution to
30 pL of the extract, the mixture was agitated, and
absorbance was recorded at 734 nm and 25°C after
6 min of incubation in the dark (Jasco V-530, Shi-
madzu, Japan). A calibration curve prepared using
Trolox was used as the standard. Three technical
replicates were used. Results were expressed as mg
of TEAC per g of film.

Fruit material and postharvest storage
Blueberry (Vaccinium spp.) fruits of an unknown cul-
tivar at horticultural maturity (fully ripe, dark purple
surface color) were purchased in December 2022
from a single grower at a local supermarket in Con-
cepcion, Biobio Region, Chile. Fruit without damage
or defects were selected for the experiment. Eight
berries were placed in the center of a piece of alginate
film for each treatment (EX0, EXS5, and EX10) and
tightly wrapped. This was the maximum number that
could be accommodated in each piece of film without
compression or damage. The sides of the film were
pressed to reduce water loss during storage. The
fruits in the film were stored at 3.5 & 1°C for 14 days
to simulate typical home storage conditions. The un-
wrapped control consisted of eight berries placed on
an aluminum foil tray and stored under the same
conditions as the edible film treatments. Fruit char-
acterization during postharvest storage was carried
out in a total of four replicates for each treatment.

Blueberry firmness (kg per cm?) was determined us-
ing aportable penetrometer (GY-2, NEWTRY,
China) with a 3.5 mm probe and a 10 mm penetra-
tion depth in the proximal part of the fruit.

Decay

Decayed fruits were defined as those exhibiting my-
celial growth on the surface. The percentage of de-
cayed fruits relative to the total number of fruits was
calculated after 14 days of storage.

Total soluble solids (TSS)

TSS (°Brix) were measured by squeezing the berry
with a piece of cheesecloth and placing a drop of
juice on the prism of a portable digital refractometer
(HI 96801, Hanna Instruments, USA).

Antioxidant extract preparation

Frozen samples were homogenized in a solution of
methanol, water, and formic acid (25 : 24 : 1), soni-
cated for 1 h (Branson 5800, Emerson Electric,
USA), stored at 4°C for 24 h, then sonicated for 1 h
and centrifuged at 3,500 rpm for 5 min (Romero
Roman et al. 2019). The following assays were per-
formed in a microplate reader (Synergy H1, BioTek,
USA) with three technical replicates.

Total phenolic content (TPC)

Twenty-five microliters of extract, 200 pL of water,
and 25 pL of 0.5 N Folin—Ciocalteu reagent were
mixed, shaken, and incubated in the dark at room
temperature for 5 min. Then, 25 uL of 10% (w/v)
sodium carbonate was added, shaken, and incubated
in the dark for 1 h. A calibration curve was prepared
using gallic acid as the standard. Absorbance was
measured at 760 nm. A reagent blank was prepared
by replacing the sample with water. TPC was ex-
pressed as mg of GAE per 100 g FW (Cabrera-Bar-
jas et al. 2024).
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2.2-diphenyl-1-picrylhydrazyl (DPPH) scavenging
activity

Twenty-five microliters of the extract was mixed
with 200 puL of DPPH solution, shaken for 30 s, in-
cubated at 25°C for 30 min, and shaken for 30 s.

Absorbance was recorded at 517 nm. A calibration

curve covering the range of 25-250 uM Trolox was
used as a standard. DPPH reagent was added instead
of the extract for the blank. Antioxidant activity was
expressed as pmol of Trolox per 100 g FW (Romero
Roman et al. 2019).

Antioxidant capacity assay — ferric reducing antiox-
idant power (FRAP)

Twenty-five microliters of extract and 200 pL of

FRAP reagent were mixed, shaken for 30 s, incu-
bated at 37°C for 30 min, and absorbance was rec-
orded at 595 nm. A calibration curve from 25 to
250 uM Trolox was used as the standard. A reagent
blank was prepared by adding water instead of ex-

tract. Antioxidant capacity was expressed as pumol

of Trolox per 100 g FW (Romero Roman et al. 2019).

Statistical analysis

Alginate film analysis was performed in triplicate,
and results were presented as means + standard de-
viations. Analysis of variance (one-way ANOVA)
followed by Tukey’s test (color descriptors) or
Kruskal-Wallis test followed by Dunn’s test (antiox-
idant parameters) was used to identify significant
differences between film properties at a 95% confi-
dence level. For fruit experiments, a completely
randomized factorial design was used, with film
treatment and number of days of storage as factors.
Data were analyzed using two-way ANOVA and
Tukey’s test at a 95% confidence level to compare
means. A power transformation (*3.2) was applied
to the firmness data to address heteroscedasticity.
Decay and FW loss were analyzed using the Krus-
kal-Wallis test followed by Dunn’s test. Data anal-
ysis was performed using SAS OnDemand for Aca-
demics 3.81.
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RESULTS AND DISCUSSION

Edible film characterization

Color is an important characteristic of the overall
appearance of films and influences consumer ac-
ceptance (Singh et al. 2020). EX5 and EX10 dif-
fered significantly from EXO in all color parameters
(Table 1). Reducing the L* values resulted in a de-
crease in film brightness after the addition of ROE,
which is attributed to the presence of anthocyanins,
which also increased the a* parameter. This sug-
gests that the extract resulted in a decreased bright-
ness and a darker appearance of the films compared
to EXO0 (Fig. 1A, B).

The TPC and antioxidant activity of the films,
determined by the DPPH and ABTS assays, in-
creased proportionally to the concentration of ROE.
All three parameters for EX10 were higher than for
EXS5 (Table 1). Due to the higher TPC, the EX10
film had the highest antioxidant activity. Similar re-
sults were obtained by Santos et al. (2021), who pre-
pared alginate films with purple onion peel extract
at 10-30% (v/v). In the study by Santos and Martins
(2024), the alginate film prepared with a purple on-
ion peel extract concentration of 30% (v/v) showed
an intense red color compared with the transparent

control film. This incorporation led to an increase in
a* and a decrease in L*, indicating that the extract
reduced brightness compared to the control film. As
summarized by Mubhie (2022), the composition of
onions can be influenced by preharvest factors.
Therefore, the chemical properties of ROE-based
films may vary depending on the onion source.
Fruit quality parameters

Objective color measurement

Objective color descriptors L*, a*, b*, Chroma, and
Hue provide information on different color dimen-
sions in blueberries during storage (Hu et al. 2021). In
this study, changes in the external berry color after
storage, not caused by the presence of edible films,
were observed (Table 2). For all descriptors, no inter-
action between storage time and film treatment was
found. L* and Chroma values decreased after 14 days
of cold storage in wrapped berries (EX5 and EX10),
indicating darkening and loss of color intensity.
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However, they remained unaltered in EX0 and
the unwrapped control. The surface darkening of
the samples in the present study was consistent
with the study by Chiabrando and Giacalone
(2015), in which the L* values of berries coated
with 2% (w/v) chitosan and 1% (w/v) sodium al-
ginate + 1.5% (w/v) chitosan decreased more
than in samples with 1.5% (w/v) sodium alginate

after 15 days of storage at 0°C. It was hypothe-
sized that the chitosan became opaque and altered
the reflective properties of the coating surface
(Hoagland & Parris 1996; Chiabrando & Gia-
calone 2015). However, it is important to note
that in those studies the coatings were applied by
immersion, whereas in the present study the ber-
ries were wrapped.
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Figure 1. Appearance of edible films before storage (A) and blueberries wrapped in these films before storage (D0) and after
14 days of storage (D14) at 3.5°C (B), external appearance of blueberries (C), yellow arrows indicate areas of deformation
EXO0 — film without additives, EX5 — film with 5% red onion extract, EX10 — film with 10% red onion extract, DO — day 0, D14 — day 14 of storage

Table 1. Summary of alginate films characteristics

Parameters EXO0 EXS EX10
L* 91.40 +0.24a 89.90 + 0.38b 90.30 + 0.19bc
a* -0.76 £ 0.01a -0.59 + 0.06b -0.62 + 0.02bc
b* 0.72+0.13¢ 2.04+0.32b 2.34+0.21ab
TPC (mg GAE per g of film) 0 0.50 £ 0.00 0.53 £ 0.06F
DPPH (mg TEAC per g of film) 0 50.50 £ 0.60 112.00 + 3.20%
ABTS (mg TEAC per g of film) 0 0.55+0.09 0.58 £0.05F

Mean + standard deviation; Different letters in the same row indicate significant differences (p < 0.05) according to Tukey’s test
for color descriptors; Dagger (1) indicates significant difference (p < 0.05) between EXS and EX10 according to Kruskal-Wallis
test followed by Dunn’s test; EX0 — film without added red onion extract, EX5 — film with added 5% red onion extract,
EX10 — film with added 10% red onion extract; TPC — total phenolic content; DPPH — 2,2-diphenyl-1-picrylhydrazyl;
ABTS - 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic; GAE — gallic acid equivalents; TEAC — Trolox equivalent antioxidant capacity
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Table 2. Changes in the quality and composition of blueberry fruit stored at 3.5°C for 14 days

Variable ~ Day Control EX0 EX5 EX10
L 0 31.99 £ 0.4aA 32.13+£0.91aA 32.99 +0.16aA 32.95+0.35aA
14 31.35+0.18aA 30.48 £ 0.25aA 30.6 +0.37aB 31.15+0.29aB
o 0 -6.75 £ 0.06aA -6.85+0.19aA -6.94 + 0.06aB -7.07 £ 0.09aB
14 -6.65 £ 0.07aA -6.75 £ 0.08aA -6.55 + 0.04aA -6.65 + 0.06aA
b 0 -1.33£0.11aA -1.36 £ 0.26aA -1.62 +0.09aA -1.68 £ 0.11aA
14 -1.37 + 0.06aA -1.22+0.09aA -1.35+0.17aA -1.48 +£ 0.12aA
Hue 0 190.8 + 0.87aA 190.59 + 1.85aA 192.72 £ 0.51aA 192.91 £0.71aA
14 191.23 £0.71aA 189.78 £ 0.77aA 191.14 £ 1.31aA 192.14 + 1.16aA
Chroma 0 6.91 £0.07aA 7.03 £ 0.24aA 7.16 £ 0.08aA 7.29 £0.11aA
14 6.82 + 0.06aA 6.9 +0.09aA 6.72 + 0.06aB 6.86 + 0.05aB
TSS 0 13.08 + 0.48aA 13.12 £ 0.19aB 12.78 + 0.46aB 12.31 £ 0.43aB
14 14.01 + 0.26aA 15.58 +0.7aA 14.44 + 0.27aA 14.54 £ 0.53aA
TPC 0 268.1 +£20.95aA 297.61 £ 16.32aB 278.68 = 10.41aA 268.42 +20.98aA
14 294.66 + 19.14aA 349.94 £ 10.79aA 310.1 +24.4aA 296.61 + 5.58aA
FRAP 0 nd 114.21 +37.77aA 109.33 +£34.31aA 98.85 + 23.04aA
14 nd 32.45+3.5aA 36.37 £ 7.74aA 28.28 +2.64aB
DPPH 0 1469.18 + 64.72aA 1456.17 + 36.34aB 1476.26 £21.91aA  1345.51 £ 41.13aA
14 1646.17 £ 102.54aA  1698.62 £ 75.62aA 1593.54 + 86.3aA 1457.55 + 38.06aA
Firmness (1) 0 1.74 + 0.03a 1.66 £ 0.02a 1.61 +£0.05a 1.65 + 0.04a
14 0.5+0.1¢c 0.59 £ 0.12¢ 1.06 + 0.06b 1+0.07b

Mean =+ standard error; Different lowercase letters indicate significant differences between treatments on the same day of storage,

while different capital letters indicate significant differences between days 0 and 14 of storage of the same treatment by Tukey’s

test; FRAP was not determined (nd) in the control; To account for the significant interaction between storage time and film treatment
on firmness, data were combined into eight categories (1); EXO0 — film without added red onion extract, EX5 — film with added 5%
red onion extract, EX10 — film with added 10% red onion extract; Total soluble solids; TPC — total phenolic content; FRAP — ferric
reducing antioxidant power; DPPH — 2,2-diphenyl-1-picrylhydrazyl

Fresh weight (FW) loss and decay incidence

After 14 days of storage, blueberries showed slight
but nonsignificant differences in fresh weight loss
between treatments, with 11.44% for EXO0, 10.68%
for EX5, 9.95% for EX10, and 10.91% for the con-
trol, exceeding the maximum marketability range of
5-8% (Nunes et al. 2004). The incidence of decay
remained low and did not differ between treatments,
averaging 2.34% for EX0 and 0.78% for EXS,
EX10, and the control. Similarly, Giuggioli et al.
(2017) observed no differences in these parameters
in berries packaged in a commercial microperfo-
rated polypropylene film and three biodegradable,
compostable, nonperforated, starch-based films dur-
ing storage at 1°C for up to 15 days. Blueberries
benefit from low-temperature storage (Paniagua et
al. 2014), and the 0-5°C range has been correlated
with limited decay (Nunes et al. 2004; Perkins-Vea-
zie et al. 2008).

Compositional quality

Changes in blueberry composition, particularly TSS,
TPC, and antioxidant activity and capacity, were
monitored before and after 14 days of storage at
3.5°C (Table 2). For all parameters, only differences
due to storage time were observed, while the effect

of film treatment was marginal.

Blueberries are a rich source of antioxidants,
which is attributed to their high phenolic content
(Rossi et al. 2022). In the present study, TPC did not
differ before and after storage or between treatments,
with the exception of EX0, which showed an in-
crease towards the end of storage. TPC in blackber-
ries packaged in commercial polypropylene or corn-
starch-based films increased after 5 or 10 days at
1°C and then decreased afterl5 days (Giuggioli et
al. 2017). Chiabrando and Giacalone (2015) showed
that berries immersed in alginate-based coatings in-
creased their TPC during the first 15 days of storage
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at 0°C, reaching a peak after 30 days and then de-
creasing. The antioxidant potential of blueberry
fruit was assessed in the present study based on
FRAP and DPPH. Berries remained mostly un-
changed during storage, but EX10 showed a de-
crease in FRAP after 14 days. EXO0 displayed an in-
crease in DPPH activity, corresponding to TPC. Var-
iations in antioxidant potential were also reported
for berries wrapped in cornstarch film and stored at
1°C for up to 15 days (Giuggioli et al. 2017). Edible
coatings applied to ‘O’Neal’ and ‘Berkeley’ blue-
berry fruit induced a heterogeneous response
throughout storage, with some treatments promot-
ing increased antioxidant capacity (Chiabrando &
Giacalone 2015). Due to the strong influence of
genotype on antioxidant activity and TPC of blue-
berries (Connor et al. 2002), direct comparisons
across studies may yield inconclusive results. Nev-
ertheless, the presence of films in the present study
likely acted as a barrier, partially protecting berries
from the degradation of antioxidant compounds dur-
ing cold storage (Yang et al. 2019).

Firmness

Firmness is one of the most important quality traits
of blueberries. Firmer fruits tolerate handling and
transport better than softer ones (Ehlenfeldt & Mar-
tin 2002). Firmness is strongly related to sensory
perception and influences postharvest quality (Oh et
al. 2025; Godara et al. 2025). Postharvest firmness
is influenced by enzymatic remodeling of cell walls,
water loss via transpiration, and mechanical damage,
which contribute to fruit softening (Rivera et al.
2022; Chen et al. 2015). In the present study, firm-
ness was affected by storage (p < 0.0001), film (p <
0.01), and their interaction (p < 0.0001). Firmness
decreased after 14 days of storage in all groups: con-
trol (71.1%), EX0 (64.6%), EX5 (34.2%), and EX10
(39.1%). The greatest loss of firmness was observed
in unwrapped berries and in berries wrapped in films
without ROE, visible as areas of greater deformation
(Fig. 1C). Films containing extracts maintained
higher firmness, although not to the same level as on
day 0 (Table 2). In strawberries, coatings of sodium
alginate, carboxymethylcellulose, glycerol, calcium
chloride, and citric acid containing onion waste ex-
tracts promoted higher firmness than the uncoated

control during storage at 4°C for 14 days. Thivya et
al. (2021) added shallot peel extracts to sodium algi-
nate and carboxymethylcellulose films to wrap sam-
ples of fresh-cut apples and potatoes and then stored
them at 4°C for 5 days. The firmness of the fresh-cut
products decreased in all samples during storage, but
the extract-based films outperformed those without
extracts, thus preserving higher levels of this trait.

CONCLUSIONS

Blueberry fruits wrapped in films containing
red onion extract and stored at 3.5°C for 14 days
darkened and reddened more than those wrapped in
films without extract or unwrapped, potentially due
to epicuticular changes induced by the onion extract.
Antioxidant capacity (ferric reducing antioxidant
power) was maintained more effectively by films
containing the extract than by the control film after
14 days of storage. The films had no effect on the to-
tal soluble solids and antioxidant content of the ber-
ries. Storage time affected blueberry firmness. Films
with red onion extract (5 or 10%) maintained this trait
at a higher level after storage than films without the
extract or the unwrapped control. Overall, red onion-
based films extended the shelf life of blueberries by
delaying the decline in firmness, but other parameters,
such as berry color and composition, were either
negatively affected or unaffected. Practical applica-
tion of biofilms containing red onion peel extract re-
quires obtaining repeatable results in further exper-
iments with plant materials (onion cultivars), pro-
duction methods, a wider range of blueberry culti-
vars, and consumer assessment of fruit quality.

Author contribution statement

CRC — A — Research concept and design, C — Data
analysis and interpretation, D — Writing the arti-
cle, E — Critical revision of the article, F — Final
approval of the article

PH — B — Collection and/or assembly of data, C — Data
analysis and interpretation, D — Writing the arti-
cle, F — Final approval of the article

KA — A — Research concept and design, C — Data
analysis and interpretation, D — Writing the arti-
cle, E — Critical revision of the article, F — Final
approval of the article



72

Acknowledgments

Technical Contribution no. 7418 of the Clemson University
Experiment Station. This material is based upon work sup-
ported by NIFA/USDA under project no. SC-1700674.
This research was supported by the Vicerrectoria de Inves-
tigacion y Desarrollo at the Universidad de Concepcion
under VRID Multidisciplinario grant no. 2021000373MUL.
The authors would like to express their gratitude to Dr. Ma-
ria Dolores Lopez Belchi, Laura Herbas, Felipe Noriega,
Milton Pérez, and Rodrigo Rosas for their assistance with
the optimization of edible films, biochemical assays, and

postharvest characterization of blueberry fruit.

REFERENCES

Balakrishnan S., Chandrasekaran [.R., Jegadeesan R., Ra-
machandran K., Govindasamy A K., Kandasamy G.
2025. Eco-innovation in action: valorizing vegetable
waste into high-value ingredients for sustainable ap-
plications. Frontiers in Sustainable Food Systems 9;
1507120; 23 p. DOI: 10.3389/fsufs.2025.1507120.

Cabrera-Barjas G., Albornoz K., Lopez Belchi M.D.,
Giordano A., Bravo-Arrepol G., Moya-Elizondo E.
et al. 2024. Influence of chitin nanofibers and gallic
acid on physical-chemical and biological perfor-
mances of chitosan-based films. International Jour-
nal of Biological Macromolecules 263(1); 130159;
11 p. DOI: 10.1016/j.ijbiomac.2024.130159.

Casorzo G., Ferrao L.F., Adunola P., Tavares Flores E.,
Azevedo C., Amadeu R., Munoz P.R. 2024. Under-
standing the genetic basis of blueberry postharvest
traits to define better breeding strategies. G3: Genes,
Genomes, Genetics 14(9); jkael63; 12 p. DOI:
10.1093/g3journal/jkael63.

Chadorshabi S., Hallaj-Nezhadi S., Ghasempour Z. 2022.
Red onion skin active ingredients, extraction and
biological properties for functional food applica-
tions. Food Chemistry 386; 132737; 16 p. DOI:
10.1016/j.foodchem.2022.132737.

Chen H., Cao S., Fang X., Mu H., Yang H., Wang X. et al.
2015. Changes in fruit firmness, cell wall composi-
tion and cell wall degrading enzymes in postharvest
blueberries during storage. Scientia Horticulturae
188: 44-48. DOI: 10.1016/j.scienta.2015.03.018.

C. Rogel-Castillo et al.

Chiabrando V., Giacalone G. 2011. Shelf-life extension
of highbush blueberry using 1-methylcyclopro-
pene stored under air and controlled atmosphere.
Food Chemistry 126(4): 1812-1816. DOI:
10.1016/j.foodchem.2010.12.032.

Chiabrando V., Giacalone G. 2015. Anthocyanins, phenol-
ics and antioxidant capacity after fresh storage of
blueberry treated with edible coatings. International
Journal of Food Sciences and Nutrition 66(3): 248—
253. DOI: 10.3109/09637486.2014.986075.

Connor A.M., Luby J.J., Tong C.B.S. 2002. Variability in
antioxidant activity in blueberry and correlations
among different antioxidant activity assays. Journal
of the American Society for Horticultural Science
127(2): 238-244. DOI: 10.21273/jashs.127.2.238.

Diaz-Montes E., Castro-Muiioz R. 2021. Edible films and
coatings as food-quality preservers: An overview.
Foods 10(2); 249; 26 p. DOI: 10.3390/foods10020249.

Ehlenfeldt M.K., Martin R.B. Jr. 2002. A survey of fruit firm-
ness in highbush blueberry and species-introgressed
blueberry cultivars. HortScience 37(2): 386-389.
DOI: 10.21273/hortsci.37.2.386.

Falguera V., Quintero J.P., Jiménez A., Mufioz J.A., Ibarz
A. 2011. Edible films and coatings: Structures, ac-
tive functions and trends in their use. Trends in
Food Science and Technology 22(6): 292-303.
DOI: 10.1016/j.tifs.2011.02.004.

Fan T.T., Zhang J., Cao J.X., Xia M.H., Wang T., Cao S.
2022. Effects of resveratrol treatment on quality
and antioxidant properties of postharvest straw-
berry fruit. Journal of Food Biochemistry 46(8);
¢14176; 10 p. DOIL: 10.1111/jfbc.14176.

FAO 2023. Crops and livestock products. FAOSTAT.

Gammage S., Marangoni A.G. 2025. Safety of edible
coatings on fruits and vegetables. Comprehensive
Reviews in Food Science and Food Safety 24(2);
€70108; 33 p. DOI: 10.1111/1541-4337.70108.

Gasti T., Dixit S., D’souza O.J., Hiremani V.D., Vootla
S.K., Masti S.P. et al. 2021. Smart biodegradable
films based on chitosan/methylcellulose containing
Phyllanthus reticulatus anthocyanin for monitoring
the freshness of fish fillet. International Journal of
Biological Macromolecules 187: 451-461. DOI:
10.1016/j.ijbiomac.2021.07.128.

Giuggioli N.R., Girgenti V., Peano C. 2017. Qualitative per-
formance and consumer acceptability of starch films



Edible films based on red onion peels and the quality of blueberries 73

for the blueberry modified atmosphere packaging
storage. Polish Journal of Food and Nutrition Sciences
67(2): 129-136. DOL: 10.1515/pjfns-2016-0023.

Godara A., Ames Z.R., Deltsidis A. 2025. Delayed har-
vest reduces postharvest quality and storability of
southern highbush cv. Meadowlark and rabbiteye
blueberry cv. Brightwell. HortScience 60(2) 182—
190. DOI: 10.21273/hortsci18301-24.

Gulati M., Keshav Murthy P.S., Reddy J.P. 2023. Effect of
onion peel extract on structural, mechanical, thermal,
and antioxidant properties of methylcellulose films.
Food and Bioprocess Technology 16(10): 2328—
2342. DOI: 10.1007/s11947-023-03054-9.

Hoagland P.D., Parris N. 1996. Chitosan/pectin lami-
nated films. Journal of Agricultural and Food chem-
istry 44(7): 1915-1919. DOI: 10.1021/jf950162s.

Hu X., Sun H., Yang X., Cui D., Wang Y., Zhuang J. et al.
2021. Potential use of atmospheric cold plasma for
postharvest preservation of blueberries. Postharvest
Biology and Technology 179; 111564. DOI:
10.1016/j.postharvbio.2021.111564.

Jaganmohanrao L. 2025. Valorization of onion wastes and
by-products using deep eutectic solvents as alternate
green technology solvents for isolation of bioactive
phytochemicals. Food Research International 206;
115980. DOI: 10.1016/j.foodres.2025.115980.

Krishna P., Pandey G., Thomas R., Parks S. 2023. Im-
proving blueberry fruit nutritional quality through
physiological and genetic interventions: A review of
current research and future directions. Antioxidants
12(4); 810; 20 p. DOI: 10.3390/antiox12040810.

Kumar M., Barbhai M.D., Hasan M., Dhumal S.,
Singh S., Pandiselvam R. et al. 2022a. Onion
(Allium cepa L.) peel: A review on the extraction
of bioactive compounds, its antioxidant potential,
and its application as a functional food ingredient.
Journal of Food Science 87(10): 4289-4311. DOI:
10.1111/1750-3841.16297.

Kumar M., Barbhai M.D., Hasan M., Punia S., Dhumal S.,
Radha et al. 2022b. Onion (Allium cepa L.) peels:
A review on bioactive compounds and biomedical
activities. Biomedicine and Pharmacotherapy 146;
112498; 15 p. DOI: 10.1016/j.biopha.2021.112498.

McHugh T.H. 2000. Protein-lipid interactions in edible
films and coatings. Food/Nahrung 44(3): 148-151.
DOI: 10.1002/1521-3803(20000501)44:3<148::aid-
food148>3.0.co;2-p.

Muhie S.H. 2022. Preharvest production practices, and
postharvest treatment and handling methods for
best quality onion bulbs: review. Journal of Horti-
cultural Science and Biotechnology 97(5): 552-559.
DOI: 10.1080/14620316.2022.2041493.

Nunes M.C.N., Emond J.P., Brecht J.K. 2004. Quality
curves for highbush blueberries as a function of the
storage temperature. Small Fruits Review 3(3-4):
423-440. DOI: 10.1300/j301v03n03 18.

Oh H., Mengist M.F., Ma G., Giongo L., Pottorff M.,
Spencer J.A. et al. 2025. Unraveling the genetic ar-
chitecture of blueberry fruit quality traits: major
loci control organic acid content while more com-
plex genetic mechanisms control texture and sugar
content. BMC Plant Biology 25(1); 36; 16 p. DOI:
10.1186/512870-025-06061-4.

Paniagua A.C., East A.R., Heyes J.A. 2014. Interaction
of temperature control deficiencies and atmosphere
conditions during blueberry storage on quality out-
comes. Postharvest Biology and Technology 95:
50-59. DOI: 10.1016/j.postharvbio.2014.04.006.

Penarrieta J.M., Alvarado J.A., Bergenstdhl B., Akes-
son B. 2009. Total antioxidant capacity and content
of phenolic compounds in wild strawberries
(Fragaria vesca) collected in Bolivia. International
Journal of Fruit Science 9(4): 344-359. DOI:
10.1080/15538360903378526.

Perkins-Veazie P., Collins J.K., Howard L. 2008. Blueberry
fruit response to postharvest application of ultraviolet
radiation. Postharvest Biology and Technology 47(3):
280-285. DOI: 10.1016/j.postharvbio.2007.08.002.

Rhim J.W. 2004. Physical and mechanical properties of
water resistant sodium alginate films. LWT — Food
Science and Technology 37(3): 323-330. DOI:
10.1016/j.1wt.2003.09.008.

Rivera S., Giongo L., Cappai F., Kerckhoffs H., Sofkova-
Bobcheva S., Hutchins D., East A. 2022. Blueberry
firmness — A review of the textural and mechanical
properties used in quality evaluations. Postharvest
Biology and Technology 192; 112016; 17 p. DOI:
10.1016/j.postharvbio.2022.112016.

Romero Roman M.E., Noriega Vasquez F., Farias Villagra M.,
Jara Zapata P., Vera Flores B., Lopez Belchi M. 2019.
New source of natural antioxidants: Characterisation
of bioactive compounds in five native Chilean fruits.
Perfiles 22(2): 34-41. DOI: 10.47187/perf.v2i22.54.
[in Spanish with English abstract]



74

Rossi G., Woods F.M., Leisner C.P. 2022. Quantification
of total phenolic, anthocyanin, and flavonoid con-
tent in a diverse panel of blueberry cultivars and
ecotypes. HortScience 57(8): 901-909. DOI:
10.21273/hortscil 6647-22.

Santos L.G., Martins V.G. 2024. Multifunctional alginate
films blended with polyphenol-rich extract from uncon-
ventional edible sources: Bioactive properties, UV-light
protection, and food freshness monitoring. International
Journal of Biological Macromolecules 262(1); 130001,
11 p. DOI: 10.1016/j.ijbiomac.2024.130001.

Santos L.G., Silva G.F.A., Gomes B.M., Martins V.G.
2021. A novel sodium alginate active films func-
tionalized with purple onion peel extract (4/lium
cepa). Biocatalysis and Agricultural Biotechnology

35;102096; 6 p. DOI: 10.1016/j.bcab.2021.102096.

Sholokhova A., Varzinskas V., Rutkaité R. 2025. Valori-
zation of agro-waste in bio-based and biodegrada-
ble polymer composites: A comprehensive review
with emphasis on Europe perspective. Waste and
Biomass Valorization 16(4): 1537-1571. DOI:
10.1007/s12649-024-02856-y.

C. Rogel-Castillo et al.

Singh A., Gu Y., Castellarin S.D., Kitts D.D., Pratap-
Singh A. 2020. Development and characterization
of the edible packaging films incorporated with
blueberry pomace. Foods 9(11); 1599; 19 p. DOI:
10.3390/foods9111599.

Summo C., De Angelis D. 2022. The importance of edible
films and coatings for sustainable food development.
Foods 11(20); 3221; 3 p. DOI: 10.3390/foods11203221.

Thivya P., Bhosale Y.K., Anandakumar S., Hema V., Sin-
ija V.R. 2021. Development of active packaging
film from sodium alginate/carboxymethyl cellulose
containing shallot waste extracts for anti-browning
of fresh-cut produce. International Journal of Bio-
logical Macromolecules 188: 790-799. DOI:
10.1016/j.ijbiomac.2021.08.039.

Yang Z., Zou X., Li Z., Huang X., Zhai X., Zhang W. et
al. 2019. Improved postharvest quality of cold
stored blueberry by edible coating based on com-
posite gum Arabic/roselle extract. Food and Bio-
process Technology 12(9): 1537-1547. DOI:
10.1007/s11947-019-02312-z.



