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ABSTRACT

Strawberry is a fruit appreciated throughout the world due to its attractive quality attributes and stands out due to its high phenolic
compound content, which positively contribute to biological properties of nutritional interest. The objective of this study was to evaluate
the effect of cassava starch coatings incorporated with propolis combinations on the phytochemical content and the maintenance and
increase of the strawberry antioxidant activity. The treatments were 3% cassava starch (CS), 3% cassava starch + 33% ethanolic propolis
extract (CS + P33%), 3% cassava starch + 66% ethanolic propolis extract (CS + P66%) and control (C). The fruits were stored at 4 °C +
0.5 °C and 90%RH for 16 days, making up a completely randomized design with 4 treatments and 5 time evaluations. Vitamin C, phenolic
compound, anthocyanin, and antioxidant activity levels were evaluated through two methods. The coating with 66% of propolis promoted
higher Vitamin C content than fruits submitted to the other treatments at 8 and 12 days of storage. For antioxidant activity, fruits treated
with CS maintained a higher FRS percentage (free radical scavenging) at all time evaluations. Control fruits presented higher anthocyanin
content at the last evaluation time when the highest antioxidant capacity, by the ABTS method (2,2-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid)), was observed in fruits with CS and CS + P66% treatments. There was an increase tendency of the phenolic content during
storage in all evaluated fruits. The propolis concentrations used, however, were not sufficient to increase or maintain the antioxidant
capacity and phenolic contents of strawberries.

Index terms: Phytochemicals; antioxidant; Fragaria ananassa.

RESUMO

O morango é um fruto muito apreciado em todo o mundo por apresentar atributos de qualidade atrativos para o consumidor e destaca-
se por seu alto contetldo de compostos fenolicos, contribuindo, positivamente, para propriedades bioldgicas de interesse nutricional.
Objetivou-se, neste estudo, avaliar o efeito de combinac¢des do revestimento de fécula de mandioca incorporado com prépolis, sob o
conteldo de fitoquimicos e na manutencdo e incremento da atividade antioxidante de morangos. Os tratamentos utilizados foram fécula
de mandioca 3% (CS), fécula de mandioca 3% + extrato etandlico de prépolis 33% (CS + P33%), fécula de mandioca 3% + extrato etanélico
de propolis 66% (CS+P66%) e controle (C), sendo os frutos armazenados a4 °C £ 0,5 °C e UR90% por 16 dias, perfazendo um delineamento
inteiramente casualizado com 4 tratamentos e 5 tempos de avaliacdo. Avaliaram-se teores de vitamina C, compostos fendlicos totais,
antocianinas e atividade antioxidante, por dois métodos. O revestimento com 66% de prépolis promoveu maior contetido de Vitamina C
que os frutos submetidos a outros tratamentos aos 8 e 12 dias. Para a atividade antioxidante, frutos tratados com CS mantiveram maior
%SRL (sequestro de radicais livres) em todos os tempos de avaliagdo. Frutos controle apresentaram maior teor de antocianinas no ultimo
tempo de avaliacdo, quando a maior capacidade antioxidante pelo método ABTS (2,2 "-azino-bis(3-etilbenzotiazolina-6-acido sulfénico))
foi observada em frutos com os tratamentos CS e CS + P66%. Observou-se uma tendéncia ao aumento do teor de compostos fenélicos
durante o armazenamento em todos os frutos avaliados. As concentragdes de prépolis utilizadas, no entanto, ndo foram suficientes para
incrementar ou manter a capacidade antioxidante e o teor de fenélicos dos morangos.

Termos para indexagdo: Fitoquimicos; antioxidante; Fragaria ananassa.

INTRODUCTION climacteric fruits, having appearance, firmness, flavor
The strawberry (Fragaria ananassa Duch.) and antioxidant content as its principal quality attributes
belongs to the Rosaceae family and is one of the (Vandendriessche et al., 2012). Like other small fruits,
most consumed and currently investigated non- the strawberry is a great source of bioactive compounds,
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including polyphenols such as anthocyanins, phenolic
acids, flavonols and tannins as well as vitamin C
(Szajdek; Borowska, 2008; Oszmianski; Wojdylo, 2009),
which are often correlated with the high antioxidant
capacity of the fruit (Pinto et al., 2010). Anthocyanins,
responsible for the red color, are quantitatively the most
important phenolic compounds found in strawberry (Silva
et al., 2007). Antioxidant compounds have the ability
to donate electrons to the free radicals, reducing them
to more stable and non-reactive species (Brewer, 2011;
Podsedek, 2007), which protects the material against
oxidative processes that modify cell membranes and
biomolecules (Pokorny, 2007).

The attempt to reduce losses and maintain the fresh
fruit quality for longer periods is one of the priorities of
strawberry growers around the world. Edible coatings
prepared from biopolymers consist of thin layers of edible
material applied to foods that play an important role in
their preservation and appearance (McHugh, 2000), acting
as a barrier to different agents such as water vapor and
some gases. Interest in the application of such treatments
is becoming more popular due to the environmental
protection feature and potential use in the food industry
(Zahid et al., 2012). These materials also allow the addition
of active compounds in their formulation, which may
increase functional properties in order to enable them
as potential alternatives in food preservation (Sanchez-
Gonzalez et al., 2011).

Propolis is a resinous substance collected by
honeybees from various plant parts (Katircioglu; Mercan,
2006). Due to its composition rich in flavonoids and
phenolic acids (Bankova; Castro; Marcucci, 2000),
propolis has high biological activity, including antioxidant,
antibiotic, anti-inflammatory and antifungal activities
(Scazzocchio et al., 2006). Zahid et al. (2013) were able
to delay ripening in pitayas and increase the biosynthesis
of nutritional components such as antioxidants and total
flavonoids with the application of 0.5% propolis ethanolic
extract.

Although there are some studies involving the
application of propolis to improve quality and extend
postharvest life of food, the use of this product, in
combination with edible coatings, is still underexplored. In
addition, reports about this subject have not been found for
strawberries. Therefore, the objective of this study was to
evaluate the effect of cassava starch coatings incorporated
with propolis on the content of phytochemicals of
nutritional interest and on the antioxidant activity of
strawberries stored under refrigeration for 16 days.
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MATERIAL AND METHODS

Strawberries of the ‘Camino Real’ cultivar
grown in the city of Itutinga, MG, Brazil, were used.
The cultivation area is located at 910 m of altitude,
latitude 21°18°45”S and longitude 44°41°15” W, with
a climate characterized as humid temperate with dry
winter and temperate summer. The average annual
precipitation in the area is approximately 1400 mm, with
minimum and maximum values of 900 mm and 2100
mm respectively and an average annual temperature
between 19 and 20 °C (Minas Gerais, 2008). The fruits
were harvested by hand at their point of commercial
maturity (90% red), with an average weight of 36
grams, being selected based on appearance and absence
of injuries and diseases. They were then taken to the
Fruit and Vegetable Postharvest Laboratory of the
Federal University of Lavras, where the field heat was
removed (pre-cooling) and the fruits were washed and
sanitized with sodium dichloroisocyanurate (Hidrosan®)
100 mg L' for 10 minutes.

The edible coatings were prepared at a
concentration of 3% cassava starch by adding 30 grams
of starch in 1 liter of distilled water (Henrique; Cereda,
1999). The solutions were heated in a water bath
under constant stirring until reaching 70 °C, which is
the gelatinization temperature of cassava starch. The
solutions were then naturally cooled until 25 °C. The
propolis incorporation in the coating soultions was
carried out by adding commercial ethanolic extract of
propolis at concentrations of 33% and 66%, relative to
the total starch, while stirring until total homogenization.
This process was conducted after the solutions were
cooled. The propolis extract used had 30% total soluble
solids and 11% minimum dry matter.

The fruits were randomly divided into four
groups, one control (C) and three treatments: 3%
cassava starch (CS), 3% cassava starch + 33% propolis
(CS + P33%) and 3% cassava starch + 66% propolis
(CS + P66%). The fruits under investigation were
dipped in the treatments for 30 seconds and the control
fruits were immersed only in distilled water. All fruits
were naturally dried at room temperature on a wire
mesh with half-inch openings. After drying, they were
then placed in polypropylene trays with perforated
lids, each tray containing about 150 grams of fruit,
representing a repetition. Each treatment consisted
of three repetitions and from day O the fruits were
analyzed every 4 days over a period of 16 days. The
quantification of the vitamin C levels was performed
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by colorimetry, using 2,4-dinitrophenylhydrazine and
results expressed in mg of ascorbic acid per 100 g of
pulp according to Strohecker and Henning (1967).
The total phenolic content was determined using the
Folin-Ciocalteu reagent, wherein 0.5 mL of extract
from each sample were added to tubes containing 2.5
mL of 10% Folin-Ciocalteu solution. The results were
expressed in mg of gallic acid equivalents per 100 grams
of the fruit (mg GAE. 100 g') (Waterhouse, 2002).
The total anthocyanin contents were determined using
the pH differential method proposed by Giusti and
Wrolstad (2001). This method expresses the monomeric
antchonyanin content, calculated as cianidin-3-
glucoside (Molecular Weight = 449.2). The results
were expressed as milligrams of cyanidin 3-glucoside
equivalents per 100 g of fresh weight. The determination
of the total antioxidant activity was carried out by the
DPPH and ABTS** methods. For the DPPH assay the
methodology adopted was based on the capture of
the DPPH radical (2,2-diphenyl-1-picrylhydrazyl),
which produces a decrease in absorbance at 515 nm
(Rufino et al., 2007a). Based on this methodology,
the EC,, parameter, which indicates the amount of
antioxidant required to reduce 50% of the initial DPPH
concentration, and the percent of free radical scavenging
(% FRS) where calculated. The two representations are
useful when analyzed together, providing a broader view
of the antioxidant capacity of fruits. The other method
used to evaluate the antioxidant activity is based on the
ability of antioxidants to capture the ABTS " radical
(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid), and the results expressed as uM TEAC/g of fruit
(Rufino et al., 2007b).

The Sisvar software (Ferreira, 2011) was used
for statistical analysis of the variables. The variance
analysis was conducted through the F test, to verify
the difference among the treatments. The averages
of the treatments, when significant, were compared,
by the Scott-Knott test, to 5% of probability. When
a significant difference in the interaction among the
factors was found, regression analysis was carried out.
The results were also submitted to principal component
analysis (PCA) and were preprocessed by auto scaling
before the analysis using the Chemoface software (1.4)
(Nunes et al., 2012).

RESULTS AND DISCUSSION

Vitamin C is considered an important nutritional
component in strawberries and may present variations

in content among cultivars and as a function of
environmental conditions (Pineli et al., 2011). The
average vitamin C content found in ‘Camino Real’
strawberries in the present study (71.95mg 100 g') was
higher than that reported by Pineli et al. (2011) (46.58mg
100 g'). The same previously cited authors observed
a vitamin C content of 31.45 mg 100 g fruit in the
‘Osogrande’ cultivar and Cordenunsi, Nascimento and
Lajolo (2003) reported levels of 62 and 44 mg 100 g
fruit of cultivars ‘Campineiro’ and ‘Dover’, respectively,
demonstrating the high level of this nutrient in the
‘Camino Real’cultivar.

The vitamin C content in the strawberries was
affected by the interaction between storage time and
the different coatings (Figure 1). There was a tendency
towards an increase in the levels during storage for
fruits of all treatments, those coated with CS + P66%
presenting a higher content than fruits submitted to the
other treatments at 8 and 12 days, while at those same
evaluation times, the non-coated fruits had the lowest
levels. At the end of the storage time, however, there
was no difference among treatments, indicating that
the use of the coatings tested was not effective in the
maintenance or increase of vitamin C levels in ‘Camino
Real’ strawberries. The vitamin C content increase in the
fruit can be associated with the water loss during storage,
resulting in the concentration of the solids present therein.
According to Chiumarelli and Hubinger (2012), cassava
starch-based coatings can assist in reducing water loss,
but when relating the increased vitamin C content during
storage to the high water loss, it is found that the use
of the coating was not effective for this purpose. Some
studies report, unlike that observed in the present study,
that there is ascorbic acid reduction in stored fruit (Bender
et al., 2010; Calegaro; Pezzi; Bender, 2002; Cardoso et
al., 2012; Cordenunsi; Nascimento; Lajolo, 2003) and
other authors state that the use of different edible coatings
can help reduce these losses (Atress et al., 2010; Gol;
Patel; Rao, 2013; Wang; Gao, 2013), by promoting gas
permeability reduction, thus reducing the respiration rate
and consequently the oxidative reactions responsible for
ascorbic acid degradation.

Phenolic compounds, together with compounds
such as vitamin C, are responsible for the total
antioxidant activity of food and act by preventing
free radicals formation, which positively contributes
to human health (Romero et al., 2009; Van De Velde
et al., 2013). The total phenolic compounds were
simultaneously affected by the treatments and the
storage time, the three coated fruit groups showing very
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similar behavior, differing from the control at 4 and 12
days (Figure 2). At 8 days, the highest phenolic compound
content was observed in the fruits coated with CS (332.72
mg EAG g'), but at the end of the experimental period
there was no difference among treatments in relation to
this variable, indicating that after 16 days of cold storage
the edible coatings tested herein were not effective to
differentiate the coated fruits from those untreated, as
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to the phenolic compound content. A similar result was
observed by Duan et al. (2011), when testing different
coatings on fresh blueberries stored for 12 days. It was
expected that edible coatings could act reducing the
oxygen permeability (Chiumarelli; Hubinger, 2012)
and thus prevent the oxidation of phenolics and that
the added propolis could increase the content of total
phenolic compounds.
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Figure 1: Effect of edible coatings on the vitamin C levels of ‘Camino Real’ strawberries stored for 16 days under
refrigeration. Averages followed by the same letter within each time, do not differ among themselves by the

Scott-Knott test at 5%.
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Figure 2: Effect of edible coatings on the total phenolic compounds levels of ‘Camino Real’ strawberries stored
for 16 days under refrigeration. Averages followed by the same letter within each time, do not differ among

themselves by the Scott-Knott test at 5%.
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Overall, there was no great variation in phenolic
content in the fruit during storage, and this is consistent
with the study of Kevers, Falkowski and Tabart (2007),
who found that in a wide variety of fruits, including
strawberries, there was no reduction of these compounds
during storage. Since at the end of the experimental time
the treatments did not differ from the control in the present
study, one can infer that the cassava starch based matrix
used does not harm the maintenance of these compounds
in the fruits, it being a good alternative if its benefit in
maintaining other quality attributes is proven. We expected
an increase in the phenolic content in the strawberries coated
with cassava starch incorporated with propolis, since it is
rich in these compounds (Teixeira et al., 2010). Possibly,
the concentration of propolis used was not sufficient to
significantly increase the phenolic content. Such a result
makes it difficult to exploit the use of propolis for coatings,
since at higher concentrations, its addition may significantly
change the flavor of the fruit, causing consumer rejection.

As observed in Figure 3, there was variation in
the anthocyanin content among the different treatments
during storage. At time O the fruits treated with CS +
P66% showed the highest levels, but there was a decrease
over time, and from the 8th day this treatment showed
the lowest anthocyanin level by the end of storage,
showing that CS + P66% was ineffective in maintaining
anthocyanin content in stored strawberry fruit. Despite the
variation undergone during the storage, at the end of 16

80 -
70 -

Monomeric Anthocyanins
(mg 100g™")

days, the control fruit presented higher content compared
to the coated fruit, a result similar to that reported by
Garcia et al. (2012), who, when using a cassava starch
based coating (3%) on minimally processed strawberry,
observed higher anthocyanin levels in uncoated fruits after
15 days. Similarly, Gol, Patel and Rao (2013) reported
that strawberries coated with carboxymethyl cellulose and
hydroxymethyl cellulose in combination with chitosan
showed lower anthocyanin content than the uncoated fruit
when stored for 12 days at 11 °C. Since polysaccharide
based coatings have low oxygen permeability, coated fruits
typically exhibit a reduced respiratory rate (Chiumarelli
et al., 2010), therefore, the high anthocyanin content
in the uncoated fruit may be associated with increased
pigment synthesis, resulting in a possible higher respiration
rate. It is known that fruits rich in phenolic compounds,
particularly anthocyanins, usually have the highest
antioxidant capacity (Giinduz; Ozdemir, 2014). The
‘Camino Real’ cultivar had an average of 54.66 mg 100
g of anthocyanins, a quantity higher than that found by
Pineli (2011) in fruits of the same cultivar (29.29 mg 100
g and Jin et al (2011) in the cultivars ‘Earliglow’ (40
mg 100 g') and “Allstar’ (20 mg 100 g') stored at 5 °C. The
variation in the content found between the same cultivar as
well as among other cultivars can be attributed to climatic
and environmental differences of the locations where the
fruits were produced, storage and the ripening stage at
harvest (Crecente-Campo et al., 2012).
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Figure 3: Monomeric anthocyanins of ‘Camino Real’ strawberries stored for 16 days under refrigeration. Averages
followed by the same letter within each time do not differ among themselves by the Scott-Knott test at 5%.
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The antioxidant capacity of strawberries
determined by the DPPH and ABTS reduction methods
was statistically affected by the interaction between the
treatment and storage time. Comparing the %FRS at the
beginning and end of storage, there was no reduction of
capacity, as can be seen in Figure 4A. At4 and 8 days, the
fruits coated with CS and those uncoated showed a higher
percentage of free radical scavenging (% FRS), while at
these same evaluation times the treatments with propolis
(CS + P33% and CS + P66%) had a reduction in the %
FRS. At 8 days when the % FRS of fruit coated with
CS appeared superior to the others, the phenolic content
in fruits of this fruit group was also higher, showing
a possible direct relationship between the variables at
this evaluation time. Silva et al. (2006) reported that
commercial propolis extracts have DPPH free radical
sequestering ability and that this activity is correlated
with the phenolics and flavonoid contents. At the end of
the storage time there was no difference in antioxidant
activity of fruits from the different treatments, however
the CS-coated fruit maintained a higher %FRS during
storage. Wang and Gao (2013) report that the sequestering
capacity of free radicals in strawberries coated with
chitosan was superior to that of the uncoated fruit at the
end of 9 days of storage at 5 °C. It can be inferred that
the incorporation of propolis, aiming to increase the
antioxidant activity in strawberries, was not effective at
the concentrations used.

We observed an EC, reduction tendency in
the treatments evaluated, which means the capacity
to reduce free radicals had improved over the storage
period (Figure 4B). Although at the end of 16 days
all the contents of fruit from the evaluated treatments
showed to be statistically similar, at 4 and 8 days of
storage, the fruit treatment with CS + P33% presented
higher EC,; index values, while fruits of the CS-only
treatment, at eight days, showed better capacity to
reduce the DPPH radical.

As the EC_ index reduced, there was a tendency
towards an increase in the antioxidant activity detected
by the ABTS method (Figure 4C). The opposite behavior
of these variables is consistent, since the lower the
EC,, index, the better the sample performance in
sequestering the DPPH radical, i.e., higher sample
antioxidant activity. Therefore, the combined analysis
of antioxidant activity by two methods allows us
to conclude that there was a slight increase in the
antioxidant capacity of the fruit throughout the 16 days.
Furthermore, when analyzing the phenolic compounds
graph profile (Figure 2), there is an increase in the
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phenolics as well as the antioxidant activity with the
ABTS method, consistent with the information reported
by Gunduz et al. (2014), who claim that there is a strong
relationship between total phenolics, anthocyanins
and the antioxidant capacity of strawberries. From the
12th day until the last evaluation time, control samples
and those coated with CS + P33%, which had already
displayed a lower antioxidant capacity throughout the
experimental period, differed statistically from the
others, presenting lower values and indicating that the
addition of propolis was not a determining factor in the
growth and maintenance of this variable in ‘Camino
Real’ strawberries. According to work by Robles-
Sanchez et al. (2013), alginate-based coating with added
ascorbic acid is effective in maintaining and increasing
the antioxidant activity of mangos, evaluated by the
ABTS and DPPH methods, suggesting the need for
further studies on the use of propolis as an antioxidant
agent, as well as tests to obtain the best doses for its
application in strawberries.

The principal component analysis is shown in
Figure 5, encompassing all variables evaluated herein,
for fruits evaluated at five cold storage times. The
figure contains the scores, which show that the first
two principal components explain 66.08% of the total
variability present in the data set, and the weights, that
reveal the relationship among the samples based on the
bioactive compounds quantified during storage of the
coated strawberries.

Principal component analysis allowed to group
the samples into three main groups demonstrating the
similarities and differences, verifying a distinction among
samples predominantly by storage time rather than the
coatings used on the fruits. It can also be noted that
samples at intermediate times differed from each other
in a more pronounced way. Some samples did not fit into
either group, presenting characteristics that stood out
individually.

The vectors that represent the variables have
practically the same distance in relation to Point 0,
indicating that the weights of these variables were not
sufficiently different so that the samples could be located
at different points in a quadrant. Furthermore, it is possible
to observe that most of the compounds of interest are
located on the positive X quadrant, the sample Group 111
being the most positively correlated with these compounds
of interest. The DPPH variables (EC, and FRS%) were
located at the ends of the X axis, which is consistent with
the negative correlation that exists between what they
represent.
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Figure 4: Effects of edible coatings on the antioxidant activity by the DPPH method - %FRS (A) and EC50 index
(B) - and by the ABTS method (C) of ‘Camino Real’ strawberries stored for 16 days under refrigeration. Averages
followed by the same letter within each time, do not differ among themselves by the Scott-Knott test at 5%.
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Figure 5: Principal component analysis (PCA). C=control; CS=cassava starch; CS+P33%= cassava starch + 33%
propolis; CS+P66%= cassava starch + 66% propolis; TO= 0 days; T4=4 days; T8=8 days; T12=12 days; T16=16 days.

It can be seen that the storage time was the
determining factor in the characterization of the Group
I samples. The sample of Time 4, which grouped with
the Time 0 sample, was that coated with CS, which may
indicate that these fruits are characterized by the same
properties of fruits of the different treatments evaluated at
Time 0, showing the effectiveness of this treatment during
the first days as to the levels of the compounds evaluated
herein. The sample CS + P33T4 (Group II), which is close
to the EC,  variable, was that which resulted in fruit with
higher values for this variable. Other samples, such as
fruits treated with CS + P33%T8 and CST8, presented
a higher anthocyanin content, positioning in the Y+
quadrants.

Group III stood out compared to the others because
of the total phenolic compound content and antioxidant
activity by the DPPH method. These two variables are
positively correlated and influenced samples equally.

The sample CS+P66%, as well as CS, after 16 days
of storage, approached the antioxidant variable by the
ABTS method for presenting the highest activity at this
time, as shown in Figure 4C.

CONCLUSIONS

The coating with 66% of propolis promoted higher
Vitamin C content than fruits submitted to the other
treatments at 8 and 12 days of storage. The coatings tested
herein were not efficient to maintain the anthocyanin
content in ‘Camino Real’ strawberries. Treatment with CS
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resulted in fruit with a higher and more constant capacity
for free radical scavenging at the intermediate storage
times. The addition of propolis, at the concentrations
used, was not sufficient to maintain or increase the
antioxidant capacity and phenolic content of strawberries
during cold storage, showing the need to investigate other
concentrations or products for which such addition is
feasible and effective.
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