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Abstract

This work aimed to evaluate the properties of biofilms based on corn and yam starch incorporated with Rio
Grande cherry (Eugenia involucrata DC) and its encapsulates and use them as a coating on strawberries. The
extraction of phenolic compounds from the Rio Grande cherry was optimized, and total flavonoids, antioxidant,
and antimicrobial activity were analyzed for the best point. Five compositions of the film-forming solution based
on yam and corn starch were evaluated and analyzed for thickness, opacity, moisture content, solubility,
antioxidant activity and antimicrobial activity. In addition, antifungal analyses, water loss and color change
were performed on the strawberries with and without coating. The cherry extract had a total phenolic content
of 526.85 mg EAG 100 g-' and high antioxidant activity (16.99 uM Trolox g-'in ABTS; 31.71 mM ferrous sulfate
g~'in FRAP; 94.96% in B-carotene assay), as well as inhibition of Escherichia coli, Staphylococcus aureus and
Klebsiella pneumoniae microorganisms. Adding 2% of starch and 20% of plasticizer in relation to the starch
had the best overall results. Films with 0.5% fruit content had greater antioxidant activity than those with 0.03%
encapsulate. Film thickness increased when encapsulated agents or fruit were incorporated, but opacity
decreased. The solubility of the films changed from 0.34% for corn starch to 0.30% for encapsulate and 0.37%
for fruit; yam starch films were completely soluble. Strawberries with yam starch film had the lowest water loss.
Films without plasticizers showed colony formation on the seventh day of analysis. Thus, it is suggested that
incorporating Rio Grande cherry fruit and its encapsulates in edible toppings could be feasible.
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1. Introduction

Edible films emerged from the appeal to
reduce the generation of materials that are difficult to
degrade and from the search for ecologically viable
alternatives. Its application in food is recognized as a
conservation method, as it can increase the shelf life
of fruits and vegetables, maintaining fresh
appearance, firmness and brightness, and increasing
commercial value. In addition, active packaging with
antimicrobial activity has been considered promising
in reducing deterioration (Cheng et al., 2019;
Durango-Villadiego et al., 2005; Farias et al., 2012;
Vicentini et al., 1999).

Specific agents are used in the formulation
of films, including polysaccharides, lipids and
proteins. Films based on polysaccharides present
excellent barriers to lipids. Those produced using
starch stand out, as they are renewable natural
resources. In addition to the low cost, they are
odorless, tasteless, colorless, non-toxic, and show
high mechanical resistance (Falcdo et al., 2022;
Narvaez-Gomez et al., 2021; Vicentini et al., 1999).

Starch is a reserve carbohydrate from
plants. Its composition depends on the botanical
origin, and it is formed by two polysaccharides,
amylose (linear) and amylopectin (branched). The
proportion between amylose and amylopectin
influences the characteristics of the starch and,
consequently, its applications. Yam starch has been
used for some purposes, including the production of
films, as it has a high amylose content and interesting
technological characteristics, such as stability at high
temperatures under low pH values (Cheng et al.,
2019; Mali et al., 2004; Narvaez-Gomez et al., 2021).
In addition, corn starch, when heated with water,
forms a gel with good consistency, helping to prepare
various foods that need to increase their viscosity. Its
high amylose content simplifies its use in films
(Corradini et al., 2007; Falcao et al., 2022; Weber et
al., 2009; Whitt et al., 2002).

Falcao et al. (2022), Kumar et al. (2021) and
Rajapaksha and Shimizu (2021) point out the
importance  of incorporating antioxidant and
antimicrobial materials in the formulation of starch-
based films, which act to ensure conservation and
improve their properties. Among the various fruits that
can be used to enhance the characteristics of edible
films, no studies have been found with the
incorporation of the Rio Grande cherry (Eugenia
involucrata). The Rio Grande cherry (cereja-do-rio-
grande in Portuguese) is a fruit from Southern Brazil,
a promising raw material for research due to its
natural antioxidant compounds. Furthermore, Infante
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et al. (2016) and Nicéacio et al. (2017) showed that
both its leaves and fruit are good sources of phenolic
compounds.

Given the above, the present work aimed to
develop and characterize edible films based on
commercial corn starch and yam starch incorporated
with bioactive compounds from Rio Grande Cherry for
application in strawberries.

2. Material and Methods

2.1 Materials

Corn starch and strawberry were obtained
from the local market in Jandaia do Sul, Paran3,
Brazil, in 2021. Rio Grande cherry was harvested in
the municipality of Carambei, Parana, Brazil, during
September and October 2020. All reagents used
were analytical grade.

2.1.1 Obtaining yam starch

The yam starch was extracted according to
the methodology proposed by Daiuto et al. (2005),
with modifications. The yam peels were previously
sanitized in an active chlorine solution at 100 ppm
and were chopped and ground in a ratio of 2 kg to 3
L of cold distiled water and subsequently sieved
(Tyler 100 mesh) twice. The permeate was
refrigerated at 8 °C for decantation for 24 h,
centrifuged (SL-700, Solab, Brazil) for 10 min at 6000
rpm and dried in a BOD incubator (LUCA-162/01,
Lucadema, Brazil) at 35 °C for 24 h.

2.2 Methods

This work was divided into three parts. The
first step was the extraction, characterization and
encapsulation of bioactive compounds from the Rio
Grande cherry; the second was the development and
characterization of edible coatings based on corn
starch and yam; and the third, the incorporation of Rio
Grande cherry and bioactive @ compounds
encapsulated in edible coatings and application in
strawberries.

2.2.1 Optimization of the extraction of bioactive
compounds and characterization of the Rio Grande
cherry extract

Rio Grande cherry was sanitized in a 100-
ppm active chlorine solution, with subsequent rinsing
under running water. Then, the seeds were removed,
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frozen, lyophilized (Liotop L101, Brazil) at 100 um Hg
and -50 °C, and ground in a ball mill (SP-38, Splabor,
Brazil ) to prepare the extract. The extraction of
phenolic compounds from the Rio Grande cherry was
evaluated using a 22 central composite rotational
design under the conditions shown in Table 1. For
this, 1 g of dry sample and 50 mL of the extracting
solution were added and left in an orbital shaker (TE-
4200, Tecnal, Brazil ), at room temperature, at
different times. After this procedure, the samples
were centrifuged (SL-700, Solab, Brazil) at 5000 rpm
for 5 min, filtered and analyzed. The best extraction
condition was determined based on the concentration
of phenolic compounds, and this condition was used
for the work sequence.

Table 1 Experimental design to optimize the extraction of
bioactive compounds from Rio Grande cherry

Factors Levels
-1.41 -1 0 1 1.41
Iithanol concentration 05 15 50 85 995
(% viv)
Time (min) 13 40 105 170 197

The content of phenolic compounds was
determined by the Folin-Ciocalteau
spectrophotometric method (EEQ90111.UV-B,
Drawell, Brazil), using gallic acid as a reference
standard, as described by Swain and Hills (1959) and
adapted by Sousa et al. (2011). In addition, the
optimal point was used for the analysis of total
flavonoids using quercetin as a standard (Woisky and
Salatino, 1998), antioxidant activity by the ABTS *+
method (Rufino et al., 2007), oxidation of B-carotene
by linoleic acid (Rufino et al., 2006a) and iron
reduction (FRAP) (Rufino et al., 2006b), and
antimicrobial activity using disk diffusion methodology
(Ortrosky, 2008). All analyzes were performed in
triplicate.

2.2.1.1 Encapsulation by complex coacervation of
compounds extracted from Rio Grande cherry

The encapsulation of bioactive compounds
extracted from the Rio Grande cherry was performed
according to Nori et al. (2011) with some
modifications. First, aqueous solutions were prepared
in the proportions of 5 g 100 mL-" for gelatin (GE) and
5 g 100 mL-" for gum arabic (GA), which contained
Rio Grande cherry extract (0.02 g mL-"). Then, the
polymeric pair was composed of GE and GA in a ratio
of 1:1.

Initially, the gelatin solution was dispersed
in a Tecnal shaker (model TE-102, Brazil) at
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approximately 10,700 rpm for 2 min. Next, GA
solution was added in the respective proportion,
stirring for another 2 min. While the system was
stirring, the pH was adjusted to 3.5 with 1N
hydrochloric acid. The system was then cooled and
left to decant overnight for phase separation. Finally,
the supernatant was removed, and the particles were
placed in Petri dishes, frozen and lyophilized at
-50°C and 100 um Hg.

2.2.2 Development and characterization of the edible
coating with and without Rio Grande cherry

2.2.2.1 Development of the filmogenic solution

Films based on yam starch and corn starch
were prepared using five different methodologies,
aiming at using the best result to proceed with the
work. A part of the film-forming solution was
dispersed in plastic Petri dishes and dried in an oven
with forced air circulation (LUCA-82/480, Lucadema,
Brazil) at 35 °C for 24 h for further analysis, and
another part was used to cover strawberries. For
each methodology, 3 samples were separated.

The first methodology (M1) was described
by Fakhouri et al. (2012) and performed with some
modifications. First, a proportion of 3 g starch/100 mL
of distilled water, with 10% sorbitol in relation to the
mass of starch, was used. This solution was heated
at 85 °C in a water bath for approximately 5 min to the
starch gelatinization. Subsequently, it was allowed to
cool at room temperature (25 °C), and the
strawberries were immersed for 1 min. Finally, it was
removed and left separately to dry on a bench with
natural ventilation.

The second (M2), third (M3) and fourth (M4)
methodologies were described by Santos et al.
(2011), with some modifications. They consist of
heating water to 70 °C and placing the starch under
constant agitation, using 3 proportions (1,2 and 3 g
starch/100 mL). Subsequently, the fruits were
immersed for 1 min and set aside to dry on a bench
with natural ventilation.

The fifth methodology (M5) was adapted
from Santos et al. (2011) with Fakhouri et al. (2012).
It uses 100 mL of heated water with 2 g of starch to
gelatinize the starch, plus 0.4 g of sorbitol.

For incorporation, crushed Rio Grande
cherry and the coating with the best result of the five
methods tested were homogenized in a magnetic
stirrer until the visual appearance was no longer
altered. For the encapsulate, homogenization was
performed with a glass rod so properties would not be
released immediately after mixing. The films were
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developed with a content of 0.5% of fruit or with
0.03% encapsulate.

2.2.2.2 Characterization of the film

After drying, the part of the filmogenic
solution dispersed in Petri dishes was removed and
submitted to the following analyses: thickness,
opacity, moisture content, water solubility, antioxidant
activity and antimicrobial activity.

Thickness was measured using a digital
caliper (Western Professional Line, Brazil). Fifteen
measurements were performed for each film.

Opacity analysis was performed according
to Kalaycioglu et al. (2017). First, the film was cut to
3 x 0.99 cm to fit at the end of the cuvette, and the
empty spaces did not interfere with the result. Then,
a UV-visible spectrophotometer (EEQ9-111.UV-B,
Drawell, Brazil) with a wavelength of 600 nm was
used. The result was expressed in mm-1.

Moisture content was evaluated by drying a
piece of film measuring 1 x 1 cm in an oven at 80 °C
for 24 h until constant mass. Initial and final weights
were measured.

For water solubility, the film was divided into
pieces of approximately 2 cmz2, and one of these was
separated for analysis. Subsequently, this piece was
immersed in 50 mL of distilled water and shaken for
24 h in an orbital shaker (TE-4200, Tecnal, Brazil) at
a temperature of 25 °C at 190 rpm. Finally, the film
was dried in an oven for 2 h at 80 °C. The mass was
measured at the beginning and end of the
experiment.

The antioxidant capacity was evaluated
using the methodology of B- carotene/linoleic acid
(Rufino et al., 2006a). The antimicrobial capacity was
the same used for the characterization of the Rio
Grande cherry described by Ortrosky (2008).

2.2.2.3 Shelf life of strawberries

The strawberries were sanitized in a 100-
ppm active chlorine solution, with subsequent rinsing
under running water. The water present on the
surface of the strawberry was removed at room
temperature. The coating was applied by immersing
the strawberry for 1 min and drying it at a controlled
temperature (25 °C) until the end of the experiment.
Strawberries with filmogenic solutions were analyzed
according to weight loss, pH, titratable acidity,
appearance, change in color and antifungal analysis.

Weight loss was evaluated using coated
strawberries (starch-based, encapsulated and with
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fruit) and without coating at 25 °C. The experiment
lasted 7 days, being weighed every day on a semi-
analytical scale to -calculate the weight Iloss,
according to Fakhouri et al. (2012), with some
modifications.

The pH of strawberries immersed with the
edible coating was measured after product
maceration and dilution in distilled water on day 0 and
after 7 days of follow-up.

The titratable acidity was analyzed
according to the methodology of IAL (2008), using
10% fruit in relation to distilled water with 3 drops of
1% phenolphthalein and titrated with a standardized
0.1 N NaOH solution. The result was given as mg of
citric acid per 100 g~ pulp.

The soluble solids were measured
according to IAL (2008), where the fruit pulp was
homogenized with water, and the soluble solids (in
°Brix) were analyzed in a refractometer. The analysis
was carried out with the fruit in natura and after 7 days
with the coated and uncoated fruit.

The appearance was visually evaluated for
7 days, checking whether or not there were signs of
deterioration during this period, such as discoloration
on the surface of the food, appearance of liquids and
unpleasant odor.

The methodology described by Assis and
Leoni (2003) for the antifungal analysis was followed,
which indicates the visual verification of colony
formation during storage.

2.3 Statistical analysis

The results were submitted to analysis of
variance (ANOVA) at a 5% significance level using
Tukey’s test for analysis of means with the aid of the
Statistica software, version 10. The R software
(v.4.2.2) was used to perform the response surface
analysis.

3 Results and Discussion
3.1 Characterization of the Rio Grande cherry

Fig. 1 shows the response surface of the
optimization of the extraction of phenolic compounds
from Rio Grande cherry. The best condition was
found when using 180 min and 85% ethanol, which
resulted in 269.19 mg EAG 100 g-'. This value was
close to that found by Della Ant6nia (2020), which
was 232.43 mg EAG 100 g-'. Flavonoids are among
the phenolic compounds in the Rio Grande cherry,
which have antioxidant activity. Table 2 presents the
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flavonoid content and the antioxidant activity of the
Rio Grande cherry determined by different
methodologies.

(Brave Buspuncdwod Jljuayd 19101

Fig. 1 Response surface of extraction optimization of total
phenolic compounds from Rio Grande cherry

The flavonoid content found in the present
study was higher than that reported by Della Antonia
(2020) (44.94 mg 100 g~') but lower than that found
by Camlofski (2008) (289.76 mg 100 g~'to 377.89 mg
100 g-' ). These differences are due to several
factors, such as methodological procedures, climatic
and geographic factors, maturation stages, and soil.
However, it is expected that the Rio Grande cherry
has a considerable content of flavonoids since they
are a subcategory of phenolic compounds widely
reported in fruits.

Table 2 Flavonoid content and total antioxidant activity by
different methods of Rio Grande cherry fruit on a wet basis.
Determination Result
Flavonoid content (mg 100 g~') 84.84 £4.11
Total antioxidant activity
FRAP (uM ferrous sulfate g-') 31,716.23+885.33

ABTS (uM of Trolox g=') 16.99+2.61

p-Carotene 2 (%) 100.00+0.00
B-Carotene (%) 100.00+0.00
p-Carotene ° (%) 94.96+4.69

B-Carotene assay dilutions:20.20 g mL~";°0.16 g mL™";°0.08 g mL~".

The Rio Grande cherry also presented
antioxidant activity measured by three different
methodologies. Other authors, such as Girardelo et
al. (2020), Nicacio et al. (2017) and Camlofski (2008),
also evaluated the antioxidant activity of the Rio
Grande cherry and found high values by various
methodologies, which are not directly comparable to
those used in the present work.

The antioxidant activity presented by the Rio
Grande cherry indicates that its use for incorporation
into edible films may be feasible, causing this activity
to bring about later oxidation of the material that was
coated and, consequently, increase its shelf life. In
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addition, other applications can be indicated due to
this characteristic, such as the treatment of
pathologies (Cipriani et al., 2022).

Rio Grande cherry extract also shows
antimicrobial  activity = against the different
microorganisms tested, S. aureus, E. coli and K.
pneumonia, by the halo inhibition methodology using
a concentration of 0.04 g mL-" of fruit. However, on
average, the inhibition generated small halos of 0.5
cm in diameter, not showing strong antimicrobial
activity.

3.2 Optimization of the filmogenic solution

For the films made in Petri dishes, analyses
of average thickness, opacity, solubility, and moisture
content were performed, as shown in Table 3. It is
observed that the average thickness remained
between 0.04 and 0.10 mm. Hoffmann and Siguel
(2018) presented in their study that higher
thicknesses may be due to poor homogenization. Mali
et al. (2004) and Mali et al. (2005) prepared yam
starch-based films with yam starch and glycerol with
thicknesses between 0.07 and 0.11 mm, similar to
those in the present study.

For fiims based on yam starch, only that
performed by M5 was not fully soluble, while the
others showed total solubility in water. As for the corn
starch-based films, only M4 was fully soluble, with the
highest value found for M2 (0.74 + 0.8%). As the work
deals with edible coatings, the high solubility of the
films is desirable. In these films, the presence of
plasticizer may have contributed to the decrease the
solubility. The moisture content of the films was
maintained between 5 and 16%. Lower moisture
content was observed in M2 and M5 for yam starch
and M3 and M5 for corn starch.

Opacity is desirable in many packages
when used commercially, as it retains the entry of
light; however, for edible coatings, opacity may be
undesirable, as the opaque edible coating retains the
brightness of the fruit, making it less attractive. For
corn starch, the films containing plasticizers (M1 and
M5) presented the lowest opacity, a desirable
characteristic in the case of edible coatings, as
proposed in the present study. For formulations
based on yam starch, in addition to methodologies
without plasticizer, M2, with lower starch content, also
had low opacity.
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Table 3 Physical characterization of films based on yam starch and commercial corn starch prepared using different

methodologies (M1-M5)
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Yam
M1 M2 M3 M4 M5
Thickness (mm) 0.05 +0.02° 0.04 +0.02° 0.05 +0.01° 0.09 +0.042 0.10 £0.012
Opacity (mm-1) 6.32 £ 0.91° 5.61 £0.49°¢ 23.87 = 1.872 21.80 = 1.70? 10.78 + 1.37°
Moisture content (%) 11.15 +0.51° 5.26 +0.20° 8.38 +1.45° 16.36 + 0.062 5.32 + 1,50
Solubility (%) * * * * 1.91+0.012
Corn
M1 M2 M3 M4 M5
Thickness (mm) 0.10 £0.052 0.10 £ 0.042 0.05 +0.01° 0.04 +0.01° 0.10 £0.03?
Opacity (mm-1) 10.78 £0.01¢ 22.75 £ 0.09° 23.69 + 0.04° 32.21 £0.072 9.56 +0.10°
Moisture content (%) 13.14 £ 0.00? 13.21 £0.012 6.67 £ 0.41¢ 10.74 £ 0.01° 6.68 +0.03°
Solubility (%) 0.21 £0.06° 0.74 +0.08? 0.41 £0.01° * 0.34 £ 0.03°

*Totally Soluble. Different letters on the same row indicate a significant difference using Tukey’s test at the 95% level.

When the filmogenic solution was applied to
the strawberries, weight loss, appearance and
antifungal capacity were analyzed. The mass loss
was statistically the same for all methodologies, and
after 7 days, there was a loss of more than 45% water
for strawberries with yam-based coating and above
55% for strawberries with corn-based coating. This
value also did not differ statistically for strawberries
without coating. Among the strawberries coated with
the 5 solutions, both for yam and corn starch, the
appearance of the strawberries coated with M5 was

the best after 7 days of analysis, with slight variation
in color and appearance when compared to the fresh
strawberry at the beginning of the study.

For the antifungal analysis, the appearance
of microorganism colonies was observed on the
seventh day of storage, as shown in Fig. 2. These
colonies were visible in the strawberries coated with
corn starch based on the M2, M3 and M4
methodologies. As for films based on yam starch, no
colonies were formed throughout the analysis.

(©)

Fig. 2 Colony formation on the 7t day of storage of strawberries coated with (a) 1%, (b) 2% and (c) 3% corn starch with

no plasticizer.

After evaluating both the film results and
when applied to the strawberries, M5 was defined to
prepare the coating containing the Rio Grande cherry
fruit and its encapsulate.

3.3 Application of Rio Grande cherry in films

Fig. 3 shows the films incorporated with
free agents and the encapsulates from the Rio
Grande cherry. It can be seen that the visual
characteristics of the films based on corn starch or
yam starch are different. This is because yam starch
is darker than corn starch due to the rapid oxidation
that occurs in yam. Additionally, the films
incorporated with the fruit presented the same

appearance since the fruit color interfered with the
film color.

Table 4 presents the  physical
characteristics of films containing Rio Grande cherry.
The films based on yam starch were completely
soluble, either incorporated by fruit or encapsulate.
However, the corn starch-based films in none of the
analyzes showed 100% solubility. Solubility is an
important feature when the developed film is in
contact with food. Therefore, the more soluble, the
more suitable the use of the film for food applications.
As the objective of this study was the development of
edible coatings, the film that best adapts would be
that based on yam starch.
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Fig. 3 Films prepared with yam starch or corn starch containing Rio Grande cherry fruit or its encapsulate. MF, film based
on corn starch incorporated with fruit; ME, film based on corn starch incorporated with the encapsulate; IF, film based on
yam starch incorporated with fruit; IE, film based on yam starch incorporated with the encapsulate.

However, the corn starch-based film
obtained a good solubility result even though it did not
show a fully soluble characteristic. Statistically, the
corn starch-based films showed equal solubility, both
with the incorporation of fruit and encapsulate.

Table 4 Physical analysis and antioxidant activity of films
based on corn starch and yam starch incorporated with the
Rio Grande cherry fruit and its encapsulate

ME MF IE IF
Thickness ) 16:0.05" 017:0.08® 0.22:003°  0.14:0.0°
(mm)

Opacity 18120.01°  1.75:0.01° 13740019  28140.0°
(mm-1)

Solubility 0.3020.05%  0.37:0.032 * *
(%)

Antioxidant

Activity B- 15 43:4.00° 63.48:0.50° 41.50+5.00° 53.69+3.71%

carotene

(%)*w
*Totally Soluble.**At a concentration of 0.25 g film mL~". Note: Values with
equal letters on the same row indicate no significant difference by Tukey’s
test at the 95% level. ME, films based on corn starch with encapsulate; MF,
films based on corn starch with fruit; IE, films based on encapsulated yam
starch; IF, films based on yam starch with fruit.

The film with the highest opacity was
incorporated with the fruit based on yam starch,
followed by the film with encapsulated corn starch. As
the corn starch presented a better homogeneity, it
adhered better to the encapsulated material and
consequently presented a lower opacity.

Thickness did not show significant variation
between the films, emphasizing that there are cases
in which they present greater thickness due to poor
homogenization during their preparation. Adding fruit
or encapsulates and plasticizers increases the
thickness of the film, as presented in the study by
Farias et al. (2012).

Antioxidant activity was highest for films
incorporated with fruit; corn starch-based film stood
up among these. Furthermore, concerning the
encapsulated ones, the antioxidant capacity was
higher for the film based on yam starch, whose results

were close to the films incorporated with the fruit. This
shows efficiency in incorporating both the fruit and the
encapsulate in the films since those without fruit or
encapsulate  (using the same methodology)
presented 0.99 + 0.00% of antioxidant activity by the
method of -carotene.

It was found that the mass loss in
strawberries with films incorporated with fruit was
lower than those without coating. Contrastingly,
strawberries with films based on yam starch lost less
water than those with corn starch. Strawberries
without a filmogenic solution have no protection from
external factors, such as mechanical, physical and
microbiological, and as a result, they lose water more
easily. On the other hand, the strawberries with the
edible coating were protected from adversities,
having higher difficulty in losing water and,
consequently, a longer shelf life. Water loss in
strawberries showed a significant difference only after
the sixth day of analysis. The water loss caused a
change in the visual appearance since the
strawberries without coating had a much more
pronounced wilting aspect at the end of the study.

There was no colony growth during the 14
days of analysis in none of the films incorporated with
the fruit or encapsulated material. Such behavior may
have occurred due to the action of both the agents
and the plasticizer used since this same response
was observed for films without encapsulate or free
agents in M5.

When evaluating the results presented in
Table 5, it is observed that the pH did not change over
the days since the initial value found for the fresh
strawberry is close to that found for strawberries with
encapsulates and the Rio Grande cherry.
Furthermore, this value is close to that of Marques et
al. (2011), which considered the strawberry % red and
ripe.
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Table 5 Physicochemical parameters for strawberries with
edible coatings, without coating after 7 days and in natura
(beginning)

TA
pH 1(-30 )S (:c? dcit;ioc TSS/TA ratio
g~ pulp)
B 3.64:0.01°  1.70:0.00°  1.56:0.012  0.64=0.00'
IF 3.58:0.00°  4.30:0.00°  0.77:0.00°  5.56+0.01°
IE 3.72:0.02°  4.10:0.01°  1.01:0.00°  4.06:0.01°
MF 3.67:0.00°  3.50:0.00°  0.92:0.00°  3.82:0.01°
ME 3.91:0.012  5.00:0.02°  0.81:0.01¢  6.18+0.02°
innatura 555,001  500:0.012  0.75:0.01' 6.69+0.032

Note: B, strawberry without coating; IF, strawberry with yam starch film
containing fruit; IE, strawberry with incorporated encapsulated yam starch
film; MF, strawberry with corn starch film incorporated with fruit; ME,
strawberry with corn starch film with encapsulate. TSS, total soluble solids;
TA, titratable acidity. Values with equal letters in the same column indicate
that there is no significant difference by Tukey’s test at the 95% level (n = 3)

Total soluble solids (TSS) can be used as a
measure of the fruit’s sweetness. It was noted that
soluble solids in the coated samples remained close
to that found for the fresh strawberry. This may have
occurred because the maturation state of the fruit was
already advanced considering the day of its harvest,
approximately 6 days before the beginning of the
experiment. Fresh strawberries presented 5 °Brix,
similar to that reported by Marques et al. (2011),
which found 6.9 °Brix for ripe strawberries. However,
Siqueira et al. (2009) presented a soluble solids
content of 9 °Brix on day 1 and 8 °Brix on day 8 of
analysis for the strawberry. This slight discrepancy
may be explained because when the greenest fruit is
harvested, it can take longer to mature; when it
matures, it has lower soluble solids than the ready-to-
eat harvest, as mentioned by Fagundes and
Yamanishi (2001). This same behavior was observed
in the present work. This was described by Kluge et
al. (2002) as a result of extended storage.

The titratable acidity (TA) ranged from
0.747 to 1.565 mg of citric acid of pulp for fresh
strawberries and strawberries after 7 days without an
edible coating, respectively. This result was similar to
that found by Marques et al. (2011), which showed
0.867 mg of citric acid per 100 g~ of pulp for the ripe
strawberry. Uncoated strawberries significantly
increase acidity due to changes occurring during
deterioration.

The TSS/TA ratio is mainly used to
determine fruit criteria such as sweetness. Fran¢oso
et al. (2008) found 6.71 and 5.97 TSS/TA ratios for
strawberries on the 1st and 8t day of the analysis,
respectively. In the present work, a 6.694 ratio was
found for fresh strawberries, while variations of 3.819
for MF and 6.184 for ME were observed. Such results
were also close to those found in the literature.

Food Science Today 1:1 (2023)

Siqueira et al. (2009) kept the strawberries under
refrigeration and found an approximately 7.11 ratio
after 10 days of analysis, proving that such storage
conditions maintain their properties unaffected.

4 Conclusion

This work demonstrated that the Rio
Grande cherry has a high antioxidant capacity and
growth inhibition of S. aureus, E. coli and K
pneumoniae. The use of plasticizers for the film’s
development proved to be essential for better
physical characteristics. Films based on corn starch
and yam starch incorporated with fruit and the
encapsulated agent showed good physical attributes
and obtained a high level of antioxidant activity but a
low level of inhibition of the aforementioned
microorganisms. Furthermore, the edible coatings
maintained the pH value and the soluble
solids/titratable acidity ratio almost unchanged during
the evaluated period. This reinforces the feasibility of
using Rio Grande cherry fruit with yam starch and
corn starch as a basis for preparing edible coatings
and incorporating them into strawberries to increase
their shelf life.

Acknowledgments
Not applicable.

Authors’ Contributions

L. C. B. Zuge: Conceptualization; Formal Analysis;
Methodology; Resources; Software; Supervision;
Writing — original draft; Writing — review & editing. L.
A. Alexandre: Conceptualization; Data curation;
Formal Analysis; Investigation; Methodology;
Resources; Software; Writing — original draft. All
authors read and approved the final manuscript.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate.
Not applicable.

Funding
Not applicable.

Informed Consent Statement
Not applicable.

Conflicts of Interest
The authors declare that they have no conflict of
interest.

8



Alexandre & Zuge

References

Assis, O. B. G., & Leoni, A. M. (2003). Filmes comestiveis de quitosana.
Revista Biotecnologia Ciéncia e Desenvolvimento, 30, 33-38.

Camlofski, A. M. O. (2008). Caracterizagao do fruto de cerejeira (Eugenia
involucrata DC) visando seu aproveitamento tecnoldgico. (Master
dissertation). Universidade Estadual de Ponta Grossa. Ponta Grossa, Brazil.

Cheng, J., Wang, H., Kang, S., Xia, L., Jiang, S., Chen, M., & Jiang, S.
(2019). An active packaging film based on yam starch with eugenol and its
application for pork preservation. Food Hydrocolloids, 96, 546-554.
https://doi.org/10.1016/j.foodhyd.2019.06.007.

Cipriani, A., Sousa, A. L., Tenfen, A., Siebert, D. A., Gasper, A. L., Vitali, L.,
Micke, G. A., & Alberton, M. B. (2022). Phenolic compounds of Eugenia
involucrata (Myrtaceae) extracts and associated antioxidant and inhibitory
effects on acetylcholinesterase and a-glucosidase. Natural Product
Research, 36(4), 1134-1137.
https://doi.org/10.1080/14786419.2020.1855640.

Corradini, E., Teixeira, E. M., Agnelli, J. A. M., & Mattoso, L. H. C. (2007).
Amido Termoplastico. EMBRAPA. Sao Carlos, Brazil.

Daiuto, E., Cereda, M., Sarmento, S., & Vilpoux, O. (2005). Effects of
extraction methods on yam (Dioscorea alata) starch characteristics.
Starch/Stérk, 57. https://doi.org/10.1002/star.200400324.

Della Antonia, B. (2002). Qualidade pds-colheita de cereja-do-rio-grande
(Eugenia involucrata DC.): caracterizagdo de acessos e estadios de
maturagdo. (Master dissertation). Universidade de Sao Paulo. Piracicaba,
Brazil.

Durango-Villadiego, A. M., Ferreira-Soares, N. D. F., de Andrade, N. J.,
Puschmann, R., Rodrigues-Minim, V. P., & Cruz, R. (2005). Filmes e
revestimentos comestiveis na conservagdo de produtos alimenticios.
Revista Ceres, 52(300).

Fagundes, G. R., & Yamanishi, O. K. (2001). Caracteristicas fisicas e
quimicas de frutos de mamoeiro do grupo ‘Solo’ comercializados em 4
estabelecimentos de Brasilia—DF. Revista Brasileira de Fruticultura, 23(3),
541-545. http://dx.doi.org/10.1590/0100-29452001000300018.

Fakhouri, F. M., Martelli, S. M., Bertan, L. C., Yamashita, F., Mei, L., H. |., &
Queiroz, F. P. C. (2012). Edible films made from blends of manioc starch
and gelatin — Influence of different types of plasticizer and different levels of
macromolecules on their properties. LWT, 49(1), 149-154.
https://doi.org/10.1016/j.lwt.2012.04.017.

Falcao, L. S., Coelho, D. B., Veggi, P. C., Campelo, P. H., Albuquerque, P.
M., & de Moraes, Am A. (2022). Starch as a matrix for incorporation and
release of bioactive compounds: fundamentals and applications. Polymers,
14(12) 2361. https://doi.org/10.3390/polym14122361.

Farias, M. G., Fakhouri, F. M., Carvalho, C. W. P., & Ascheri, J. L. R. (2012).
Caracterizagao fisico-quimica de filmes comestiveis de amido adicionado de
acerola (Malphigia emarginata D. C.). Quimica Nova, 35(3), 546-552.
https://doi.org/10.1590/S0100-40422012000300020.

Francoso, I. L. T., Couto, M. A. L., Canniatti-Brazaca, S. G., Arthur, V.
(2008). Alteracdes fisico-quimicas em morangos (Fragaria anassa Duch.)
irradiados e armazenados. Food Science and Technology, 28(3), 614-619.
https://doi.org/10.1590/S0101-20612008000300017.

Girardelo, J. R., Munari, E. L., Dallorsoleta, J. C. S., Cechinel, G., Goetten,
A. L. F., Sales, L. R., Reginatto, F. H., Chaves, V. C., Smaniotto, F. A.,
Somacal, S., Emanuelli, T., Benech, J. C., Soldi, C., Winter, E., & Conterato,
G. M. M. (2020). Bioactive compounds, antioxidant capacity and antitumoral
activity of ethanolic extracts from fruits and seeds of Eugenia involucrata DC.
Food Research International, 137, 109615.
https://doi.org/10.1016/j.foodres.2020.109615.

Hoffmann, F., & Siguel, F. (2018). Producao de filmes biodegradaveis a base
de lignina, dgar e nanocelulose. (Undergraduate final course). Universidade
Tecnologica Federal do Parana. Ponta Grossa, Brazil.

Infante, J., Rosalen, P. L., Lazarini, J. G., Franchin, M., & De Alencar, S. M.
(2016). Antioxidant and anti-inflamatory activities of unexplored Brazilian
native fruits. PloS One, 11(4), e0152974.
https://doi.org/10.1371/journal.pone.0152974.

Food Science Today 1:1 (2023)

Instituto Adolfo Lutz. (2008). Normas analiticas do instituto Adolfo Lutz:
métodos quimicos e fisicos para andlise de alimentos. 1. Digital. Instituto
Adolfo Lutz Sdo Paulo, Brazil.

Kalaycioglu, Z., Torlak, E., Akin-Evingdr, G., Ozen, I., & Erim, F. B. (2017).
Antimicrobial and physical properties of chitosan films incorporated with
turmeric extract. International Journal of Biological Macromolecules, 101,
882-888. https://doi.org/10.1016/j.ijbiomac.2017.03.174.

Kluge, R. A., Nachtigal, J. C., Fachinello, J. C., & Bilhalva, A. B. (2002).
Fisiologia e manejo pés-colheita de frutas de clima temperado. (2" ed)
Livraria e Editora Rural. Campinas, Brazil.

Kumar, P., Tanwar, R., Gupta, V., Upadhyay, A., Kumar, A., Gaikwad, K. K.
(2021). Pineapple peel extract incorporated poly(vinyl alcohol)-corn starch
film for active food packanging: Preparation, characterization and antioxidant
activity. Interntional Journal of Biological Macromolecules, 187, 223-231.
https://doi.org/10.1016/j.ijbiomac.2021.07.1736.

Mali. S., Grossmann, M. V. E., Garcia, M. A., Martino, M. N., & Zaritzky, N.
E. (2004). Barrier, mechanical and optical properties of plasticized yam
starch films. Carbohydrate ~ Polymers, 56 ), 129-135.
https://doi.org/10.1016/j.carbpol.2004.01.004.

Mali. S., Grossmann, M. V. E., Garcia, M. A., Martino, M. N., & Zaritzky, N.
E. (2005). Mechanical and thermal properties of yam starch films. Food
Hydrocolloids, 19 (1), 157-164.
https://doi.org/10.1016/j.foodhyd|.2004.05.002.

Marques, D. F., Gongalves, A. C., Anjos, M. C. dos, Faskomy, T. L., Miranda,
A. M. de, Barboza, H. T. G., Fonseca, M. J. O., & Soares, A. G. (2011).
Caracteristicas fisicas e quimicas de morango orgéanico ‘Camino real’
colhido em dois estadios de maturagéo. In: /ll Simpésio Brasileiro de Pés-
Colheita — SPC, 207-210.

Narvaez-Goémez, G., Figueroa-Flérez, J., Salcedo-Mendoza, J.,
Pérez_cervera, C., & Andrade-Pizarro, R. (2021). Development and
characterization of dual-modified yam (Dioscorea rotundata) starch-based
films. Heliyon, 7(4), e06644. https://doi.org/10.1016/j.heliyon.2021.e06644.

Nicacio, A. E., Rotta, E. M., Boeing, J. S., Barizéo, E. O., Kimura, E.,
Visatainer, J. V., & Maldaner, L. (2017). Antioxidant activity and
determination of phenolic compounds from Eugenia involucrata DC. Fruits
by UHPLC-MS/MS. Food Anal Methods, 10(8), 2718-2728.
https://doi.org/10.1007/s12161-017-0840-3.

Nori, M. P., Favaro-Trindade, C. S., Alencar, S. M., Thomazini, M., Baliero,
J. C. C., & Castillo, C. J. C. (2011). Microencapsulation of propolis extract by
complex coacervation. LWT — Food Science and Technology, 44, 429-435.
https://doi.org/10.1016/j.Iwt.2012.09.010.

Ortrosky, E. A., Mizumoto, M. K., Lima, M. E. L., Kaneko, T. M., Nishikawa,
S. O., &Freitas, B. R. (2008). Métodos para avaliagdo da atividade
antimicrobiana e determinagdo da concentragdo minima inibitéria (CMI) de
plantas medicinais, Revista Brasileira de Farmacognosia, 18(2).
https://doi.org/10.1590/S0102-695X2008000200026.

Rajapaksha, S. W., & Shimizu, N. (2021). Development and characterization
of functional starch-based films incorporating free or microencapsulated
spent black tea extract. Molecules, 26(13), 3898.
https://doi.org/10.3390/molecules26133898.

Rufino, M. do S. M., Alves, R. E., Brito. E. S. de, Morais, S. M. de, Sampaio,
C. de G., Pérez-Jiménes, J., & Saura-Calixto, F. D. (2006a). Metodologia
cientifica: determinagao da atividade antioxidante total em frutas no sistema
betacaroteno/acido linoleico. Embrapa Agroindustria Tropical. Fortaleza,
Brazil.

Rufino, M. do S. M., Alves, R. E., Brito. E. S. de, Morais, S. M. de, Sampaio,
C. de G., Pérez-Jiménes, J., & Saura-Calixto, F. D. (2006b). Metodologia
cientifica: determinacdo da atividade antioxidante total em frutas pelo
método de redugdo do ferro (FRAP). Embrapa Agroindlstria Tropical.
Fortaleza, Brazil.

Rufino, M. do S. M., Alves, R. E., Brito. E. S. de, Morais, S. M. de, Sampaio,
C. de G., Pérez-Jiménes, J., & Saura-Calixto, F. D. (2007). Metodologia
cientifica: determinacdo da atividade antioxidante total em frutas pela
captura do radical livre ABTS-+. Embrapa Agroindustria Tropical. Fortaleza,
Brazil.

Santos, A. E. O, Assis, J. S., Berbert, P. A., Santos, O. O., Batista, P. F., &
Gravina, G. A. (2011). Influéncia de biofilmes de fécula de mandioca e amido
de milho na qualidade pos-colheita de mangas ‘Tommy Atkins’. Revista

9



Alexandre & Zuge

Brasileira de Ciéncias Agrarias, 6(3), 508-513.

https://doi.org/10.5039/agraria.v6i3a755.

Siqueira, H. H., Vilas Boas, B. M., Silva, J. D., Nunes, E. E,, Lima, L., C., O,
& Santana, M. T. A. (2009). Armazenamento de morango sob atmosfera
modificada e refrigeragé@o.Ciencia Agrotecnologica, 33(esp), 1712-1715.
https://doi.org/10.1590/S1413-7054200900070002.

Sousa, M. S. B., Vieira, L. M., & Lima, A. (2011). Fendlicos totais e
capacidade antioxidante in vitro de residuos de polpas de frutas tropicais.
Brazilian Journal of Food Technology, 14(3), 202-210. https://doi.org/
10.4260/BJFT2011140300024.

Swain, T.; & Hills, W. E. (1959). The phenolic constituents of Prunus
domestica. | quantitative analysis of phenolics constituents. Journal of the
Science of Food and Agriculture, 19(1), 63-68. http://dx.doi.org/10.1002/
jsfa.2740100110.

Vicentini, N. M., Castro, T. M. R., & Cereda, M. P. (1999). Influéncia de
peliculas de fécula de mandioca na qualidade pés-colheita de frutos de

Food Science Today 1:1 (2023)

pimentao (Capsicum annuum L.). Food Science and Technology, 19(1).
https://doi.org/10.1590/S0101-20611999000100023.

Weber, F. H., Collares-Queiroz, F. P., & Chang, Y. K. (2009). Caracterizagao
fisico-quimica, reol6gica, morfolégica e térmica dos amidos de milho normal,
ceroso e com alto teor de amilose. Food Science and Technology, 29(4),
748-753. https://doi.org/10.1590/S0101-20612009000400008.

Whitt, S. R., Wilson, L. M., Tenaillon, M. I., Gaut, B. S., & Buckler, E. S.
(2002). Genetic diversity and selection in the maize starch pathway.
Proceedings of the National Academy of Sciences of the United States of
America, 99(20), 12959-12962. https://doi.org/10.1073/pnas.202476999.

Woisky, R. G., & Salatino, A. (1998). Analysis of propolis: some parameters
and procedure for chemical quality control. Journal of Apicultural Research,
37(2), 99-105. https://doi.org/10.1080/00218839.1998.11100961.

SCIENCE TODAY

journals.royaldataset.com/fst

10


https://journals.royaldataset.com/fst
https://journals.royaldataset.com/fst

