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Abstract Wine grape pomace, a by-product known for its
high polyphenolic content, was used as a source of anthocya-
nins in the acquisition of active biodegradable films, which
were produced with anthocyanins encapsulated with different
wall materials endowed with film-forming properties. Gum
arabic and maltodextrin were used in different proportions
during the encapsulation process, and the anthocyanin con-
tents of the powders obtained were quantified by high-
efficiency liquid chromatography (HPLC), resulting in up to
91.5 % retention. The antioxidant properties, solubility, and
color stability of powders were analyzed. Because the mi-
crocapsules were added in the highest proportion, it was
considered the major component in the formation of films.
Microcapsules produced with gum arabic showed higher an-
tioxidant activity as compared to microcapsules produced
with maltodextrin. Nevertheless, based on a comparison of
the films obtained in this study, the films made with anthocy-
anins encapsulated with maltodextrin showed better mechan-
ical properties and higher protective effect on oil oxidation,
which makes maltodextrin a promising material enabling the
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formation of films with satisfactory mechanical properties
endowed with anthocyanins.

Keywords Grape pomace - Gum arabic - Maltodextrin -
Antioxidant activity - HPLC

Introduction

Anthocyanins are one of the largest and most widespread
groups of plant constituents, known as flavonoids, and are
responsible for the bright attractive colors of most fruits, veg-
etables, flowers, and some cereal grains. In addition to its
coloring properties, anthocyanins are known for their possible
health benefits as dietary antioxidants, which help to prevent
neuronal diseases, cardiovascular illnesses, cancer, diabetes,
inflammation, and many other diseases (Yousuf et al. 2015).

The high antioxidant activity of anthocyanins is generally
attributed to their peculiar structure, which allows the easy
donation of H atoms from aromatic hydroxyl groups, thus
improving the capacity to bear the impaired electron via con-
jugation with the m-electron system (Tsuda et al. 1996).
Hence, anthocyanins have been described as effective scaven-
gers of reactive oxygen species, thus avoiding the propagation
of new free radical species, which catalyze lipid oxidation and
may cause damage in several systems (Van Acker et al. 1996).

Wine grape pomace (WGP), which is contained in skins,
seeds, and the remainder of the pulp, is rich in many bioactive
compounds that are left after the winemaking process, includ-
ing a considerable amount of anthocyanins (Fontana et al.
2013). While grape seed is rich in extractable phenolic anti-
oxidants such as phenolic acid, flavonoids, procyanidins, and
resveratrol, grape skins contain abundant anthocyanins, com-
pounds that make WGP a by-product of high interest in the
pursuit of bioactive compounds (Melo et al. 2015).
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The incorporation of anthocyanins into food and medical
products is a challenging task due to their low stability toward
environmental conditions during processing and storage;
however, these compounds can endow antioxidant properties
to the products in which they are added. Encapsulation is an
efficient way to introduce such compounds into these prod-
ucts. Wall materials, also called encapsulating agents, act as a
protective coating against ambient adverse conditions such as
light, humidity, and oxygen. Encapsulated bioactive com-
pounds are easier to handle and offer improved stability
(Yousuf et al. 2015).

Methods of encapsulation of food ingredients include
spray-drying, freeze-drying, fluidized bed coating, extrusion,
cocrystallization, molecular inclusion, and coacervation
(Shahidi and Han 1993). Freeze drying, despite of its long
dehydration period, is an efficient method for anthocyanin
encapsulation to produce a porous, nonshrunken structure es-
pecially useful for temperature-sensitive active agents like an-
thocyanins (Zuidam and Shimoni 2010; Mahdavi et al. 2014.

Wall materials used in microencapsulation include gums,
polysaccharides, lipids, proteins, fibers, and mixtures of these
materials (Davidov-Pardo et al. 2013). The selection of an
adequate wall material is important for the stability of the
compounds, and several authors have shown that the effective
usage of maltodextrin, gum arabic, and the combination of
both can provide the formation of more homogeneous parti-
cles to encapsulate anthocyanins (Idham et al. 2012; Souza
et al. 2015; Silva et al. 2014).

Gum arabic, an exudate from Acacia trees, is principally
a mixture of polysaccharides and proteoglycans, the latter
being arabinogalactan proteins (Gharsallaoui et al. 2007).
Maltodextrins are formed by partially hydrolyzing corn
flour with acids or enzymes, and they are supplied as dex-
trose equivalents (DE), a measure of the degree of starch
polymer hydrolysis, where maltodextrins with degrees of
DE between 10 and 20 are widely used in the encapsula-
tion of anthocyanins (Madene et al. 2006). Both materials
are commonly used as wall materials due to favorable
properties of emulsification, water solubility, low viscosity
at high concentrations, biodegradability, and film forma-
tion (Gharsallaoui et al. 2007; Silva et al. 2014).

Considering the properties of encapsulation and film
formation of gum arabic and maltodextrin, it is possible
and convenient to produce active biodegradable films with
bioactive compounds microencapsulated with these mate-
rials. Active films can be described as auxiliary systems for
food preservation, where substances are released from the
film to the food surface with which they are in contact
(Bodaghi et al. 2013).

To minimize the consumption of conservative chemical
additives and, therefore, the adverse health effects, the tech-
nology of active packaging films with natural antioxidants
presents an alternative (Junior et al. 2015). Several natural

antioxidants have been incorporated into films in order to
promote greater stability to lipid oxidation of fatty products
and to extend the shelf life of highly perishable products
(Gomez-Estaca et al. 2014).

Cassava starch, which is known to form odorless, taste-
less, colorless, nontoxic, and biologically degradable films
(Flores et al. 2007), was selected to produce films with
anthocyanins encapsulated with different wall materials.
The objective of this study was to analyze the influence
of wall materials, gum arabic, and maltodextrin, on the
microencapsulation of anthocyanins extracted from WGP
and their effect on active biodegradable film properties.

Materials and Methods

The Cabernet Sauvignon grape pomace (79.98+0.40 % mois-
ture; 0.1540.00 % acidity in tartaric acid; pH 3.41+0.02; total
soluble solids 6.35+0.01°Brix; 1.18+0.04 % ash; 2013-2014
vintage) derived from the wine-making process was provided
by Vanmarino Winery (Pinto Bandeira, RS). The seeds were
manually removed, and the skins and the remainder of the
pulp were stored at —18 °C until the time of analysis.

Preparation of Grape Pomace Extracts

The anthocyanin extraction followed the procedure of
Srivastava and Vankar (2010) with modifications. The food-
grade anthocyanin extraction was performed using a
hydroalcoholic solvent composed of 70 % ethanol, acidified
with HCI (0.1 %), in a proportion of 1:80 (grape pomace/
solvent). The extraction occurred in two stages of 1 h each
in a water bath (40 ° C) under stirring and protected from light.

Microcapsule Formation

The freeze-drying process (Freeze Dryer Liotop, L101, Brazil)
was used to microencapsulate the extracted compounds.
Extracts were concentrated in a Fisatom rotaevaporator
(M802, Brazil) at 40 °C until the alcoholic fraction was
completely removed and were then re-diluted in acidified wa-
ter (0.1 % HCI) until achieving one tenth of the original extract
volume. Maltodextrin DE 20 (Vallen, Brazil) and gum arabic
(Dinamica, Brazil) were used as wall materials, where solu-
tions were prepared at a final concentration of 30 % (w/v) prior
to the addition of the pomace extracts (Silva et al. 2013).
Three types of microencapsulated powders (MPs) were ob-
tained, differing from each other by the wall material solutions
utilized: (i) 30 % maltodextrin (MD), (ii) a mixture of 15 %
gum arabic and 15 % maltodextrin (GA/MD), and (iii) 30 %
gum arabic (GA). The samples were freeze-dried for 72 h
under protection from light, manually macerated, and sieved
(mesh 35). The freeze-drying of pure wall material solutions
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was performed under the same conditions to obtain empty
capsules (empty MP). The powders were stored under vacuum
in a nylon multilayer packaging under protection from light.

Anthocyanin Content

To identify and quantify the anthocyanins present in the
pomace extract, the extract was dried in nitrogen and
stored at —18 ° C under protection from light until the time
of chromatographic analysis, when it was re-diluted in
acidified methanol (HCI 0.1 %). The anthocyanin retention
(AR) of the MP was measured by extraction with acidified
methanol/water (50:50), followed by centrifugation
(3500xg, 10 min). High-efficiency liquid chromatography
(HPLC) was used to quantify the anthocyanins, and the AR
was represented as the percentage of anthocyanins retained
in the powder when compared to the extract. The sum of
individually assessed anthocyanins was considered as the
total anthocyanins (AT).

Chromatographic Conditions

Anthocyanin quantification was performed via HPLC. For
this analysis, an HPLC chromatograph (Agilent 1100 Series,
Santa Clara, CA, USA) equipped with a quaternary pump
system solvent and a UV—visible detector was used with a
C18 Shim-Pak CLC-ODS column (5 pm, 250%4.6 mm).
The mobile phase consisted of a linear gradient elution of
5 % aqueous formic acid/methanol 85:15 (v/v) to 20:80 over
25 min, and this isocratic ratio was maintained for 15 min. The
mobile phase flow was 0.8 mL/min, the injection volume
was 5 uL, and the column temperature was maintained at
29 °C. The chromatograms were processed at a fixed
wavelength of 520 nm.

This analysis identified and quantified the anthocyanins
most often found in Vitis vinifera grapes (Fraige et al. 2014),
of which standards were purchased from Sigma-Aldrich
(USA): malvidin-3-glucoside (CAS 7228-78-6, >90.0 %),
delphinidin-3-glucoside (CAS 6906-38-3, >97.0 %),
petunidin-3-glucoside (CAS 6988-81-4, >95.0 %), and
cyanidin-3-glucoside (CAS 7084-24-4,>95.0 %). The identi-
fication and quantification of compounds were performed by
comparing retention times and peak areas of the samples and
their respective standards under the same chromatographic
conditions. For quantification, a standard curve was construct-
ed in the following concentration ranges for the anthocyanins:
malvidin-3-glucoside, 5-50 mg/mL; delphinidin-3-glucoside,
5-100 mg/mL; petunidin-3-glucoside, 3—-40 mg/mL; and
cyanidin-3-glucoside, 5-40 mg/mL.

The limits of detection (LOD) and quantification (LOQ)
were as follows: malvidin-3-glucoside, 2.07x10% and
3.45x10°% pug/mL; delphinidin-3-glucoside, 1.16x10""
and 1.93x10"" pg/mL; petunidin-3-glucoside, 0.66x10 >
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and 1.1x1072 pg/mL; and cyanidin-3-glucoside, 1.69 %
107 and 2.81x10 % pg/mL.

Microencapsulated Powder Characterization
Microencapsulation Efficiency

The microencapsulation efficiency (ME) was defined as
the difference between the AR and the anthocyanins locat-
ed in the microcapsule surface (AS). To quantify the AS,
the procedure of Saénz et al. (2009) was followed: 200 mg
of each MP was treated with 1 mL of a mixture of ethanol
and methanol (1:1). These dispersions were stirred in a
Vortex at room temperature for 1 min and then centrifuged
(3500xg, 10 min). The anthocyanins were quantified by
HPLC. The ME percentage was calculated according to
Eq. (1). All analyses were performed in triplicate.

7

AR-AS
ME%:< R )xlOO (1

2,2"-Azino-Bis(3-Ethylbenzothiazoline-6-Sulfonic Acid
Radical Scavenging Activity

The 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) scavenging capacity of the MP samples was deter-
mined according to a modified method of Re et al. (1999).
ABTS+- radical cations were produced by reacting 5 mL of
ABTS (7 mM) stock solution with 88 pL of potassium
persulfate (140 mM) and allowing the mixture to stand in
the dark at room temperature for 16 h before use.

To analyze the antioxidant activity of the pomace extract,
the ABTS+ solution was diluted with ethanol to an absorbance
of 0.700£0.050 at 734 nm (Spectrophotometer Shimadzu
CPS-240A, Japan). After the addition of 30 pL of sample or
trolox standard to 3 mL of diluted ABTS-+ solution, the ab-
sorbance values were recorded 6 min after mixing.

The antioxidant activity of the MP and the empty MP in
aqueous solution was analyzed. The MPs were solubilized in
acidified water, sonicated for 10 min, and centrifuged
(3000%g, 10 min; Sigma Centrifugal 4K15, Germany), and
the supernatant was collected and analyzed. The ABTS assay
was measured under the same conditions described for the
grape pomace extract, but the ethanol was substituted for an
aqueous buffer solution, pH 3.

Solutions of known trolox concentrations were used for
calibration, and the results were expressed as 1 M trolox/g
dry grape pomace and 1 M trolox/g MP for the grape pomace
extract and MP, respectively.
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Moisture and Water Solubility Index

The moisture content was determined using the AOAC
method (2006), where mass loss was determined after 1 g of
MP was placed in an oven dryer at 105 °C for 3 h. The water
solubility index (WSI) was determined according to the pro-
cedure of Anderson (1982) with modifications. MP (2.5 g)
and water (30 mL) were vigorously mixed in a centrifuge tube,
incubated in a 25 °C water bath for 30 min, and then centri-
fuged (3500%g, 15 min). The supernatant was collected in a
preweighed Petri dish, and the residue was weighed after
oven-drying overnight at 105 °C (DeLeo DL-SE-X, Brazil).
The amount of solids in the dried supernatant as a percentage
of the total dry solids in the original 2.5 g sample was an
indicator of WSL

Color Stability

The MPs were stored at 25 °C under vacuum in a nylon
multilayer packaging that was protected from light. MP
color was analyzed on the day of acquisition (day 0) and
after 21 and 42 days, in triplicate. The color was measured
using a colorimeter (Hunter Lab system, model Miniscan
XE, USA) using the CIELab color parameters. The param-
eters L*(luminosity), a* (red—green), and b* (yellow—blue)
were determined. A white disk (Lo*, 94.97; a¢*, 0.12; and
bo*, 1.7) was used as a standard.

Film Formation

The films were produced by a casting technique in which
three films were developed with the MP: with GA powder
(F.GA), MD powder (F.MD), and GA/MD powder (F.GA/
MD). Film-forming solutions were prepared with a suspen-
sion of cassava starch (Stival, Brazil) and glycerol
(Dinamica, Brazil). The solutions were kept at 80 °C for
5 min with constant stirring in a water bath (De Leo B450)
to promote starch gelatinization. The gelatinized solution
was cooled to 40 °C, and then, the MPs were added.
Films were prepared by weighing an amount of film solu-
tion that provided 0.02 g/cm? of solids (which comprise starch
and MP) on an acrylic plate resting on a leveled surface. A
fixed proportion of starch/MP was utilized (0.625:1).
Preliminary tests made with different concentrations of
glycerol indicated that formulations containing GA re-
quired extra glycerol; otherwise, the films would easily
break when peeled from the plates. This explains the dif-
ferent proportions of glycerol used in each formulation
(25.2, 22, and 15.4 % in F.GA, F.GA/MD, and F.MD, re-
spectively) relative to the solids. The films were dried in an
oven with forced air circulation (DeLeo BSAFD) at 40 °C
for 7 h and conditioned at 25 °C and 58 % relative

humidity (RH) in desiccators for 24 h prior to analysis,
when they were peeled off the plates.

Film Characterization
Mechanical Properties

Before analysis, the films were stored for 48 h under con-
ditions of controlled moisture (58 % RH) and temperature
(25 °C). The films were cut into strips (70-25 mm), and the
strip thickness was measured using a micrometer (MDC-
25, Mitutoyo Corp, Japan, precision 0.001 mm, resolution/
0~25 mm) at five random positions on each strip. A texture
analyzer (TA.XT2i e Stable Micro Systems, UK) with a
load cell of 5 kg and an A/TGT self-tightening roller grips
fixture was used to evaluate the percentage elongation at
break (£) and the tensile strength at break (TS). These
parameters were determined from stress—strain curves ob-
tained from uniaxial tensile tests to film failure and were
calculated according to the ASTM D882 standard method.
The strips were mounted individually between the grips of
the equipment with an initial grip separation of 50 mm and
a test speed of 0.8 mm-s™'. At least ten replications of each
test sample were run.

Water Vapor Permeability

Water vapor permeability (WVP) was determined gravi-
metrically according to the method described by Talja
et al. (2008) with some modifications. The samples were
placed in permeation cells (inner diameter 63 mm, height
25 mm) that were filled with anhydrous CaCl, and covered
with the sample; the cells were then hermetically sealed.
The permeation cells were placed in a glass chamber with
saturated sodium chloride solution, providing RH gradi-
ents of 0/74 % at 25 °C. The mass gain of the cell perme-
ation was determined by weighing the cell on an analytical
balance (AY 220, Shimadzu) after 24 h. The WVP of the
samples was determined in triplicate using Eq. 2.
w x L

WVP_A x T x Ap @)
where “w” is the weight of water permeated through the
film (g), “L” is the thickness of the film (m), “4” is the
permeation area (m?), T is the time of permeation (s), and
“Ap” is the water vapor pressure difference (at 25 °C)
between the two sides of the film (Pa).

Opacity

The opacity of the films was determined by measuring their
absorbance spectra at 600 nm using a UV spectrophotometer
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(Shimadzu UV-1800). The films were cut into rectangle pieces
and directly placed in a spectrophotometer test cell. An empty
quartz test cell was used as the reference. The opacity of the
films was calculated, dividing the values of absorbance by the
thickness of the film (mm) (Wang et al. 2013).

Effect of Films on Retardation of Sunflower Oil Oxidation

The films were wrapped to form bags (100 mmx 75 mm) to
which 15 mL of sunflower oil was added, and the films
were sealed and placed into a camera. Experiments were
performed for 9 days under the following conditions:
40 °C, exposure to fluorescent lights with an intensity of
900-1000 Iux, and a RH of 54 %, which results in an
accelerated environment of degradation. The peroxide val-
ue (PV) of the samples was determined according to the
IUPAC method on days 0, 3, 6, and 9. An open glass Petri
dish containing sunflower oil was used as control. The
samples were evaluated in triplicate.

Films and MP Surface Characteristics

The surface morphology of MP and films was observed
under a scanning electron microscope (SEM) (Model JSM
6060, JEOL). The samples were fixed on aluminum stubs,
coated with gold, and scanned with an accelerating volt-
age of 5.0 kV and a magnification of 500x.

Statistical Analysis

The results were evaluated by analysis of variance
(ANOVA) and a Tukey test at significance level of 5 %
(»<0.05) using the software Statistica 7.1. (STATSOFT
Inc.), corresponding to the average of three replicates
(n=3)+standard deviation.

Results and Discussion

Anthocyanin Retention and Microencapsulation
Efficiency

Comparing the amount of individual anthocyanins from the
pomace extract to the MP, the freeze-drying process showed
no significant reduction for most of the analyzed compounds,
where malvidin-3-glucoside was the major anthocyanin in the
extract (4601 mg / kg db), showing a retention between 92.16
and 97.78 %. The AR of ATs when GA and MD were used as
wall materials was 91.49 %, and no significant difference was
observed compared to the other powders (Table 1). These
results show similar ARs compared to studies in which the
encapsulation of anthocyanins was performed by spray dryer:
Tonon et al. (2008) obtained ARs of approximately 77-86 %
from agai (Euterpe oleracea) juice, Silva et al. (2013) obtain-
ed ARs of 79-100 % from jaboticaba (Myrciaria cauliflora)
extracts, and Souza et al. (2015) obtained ARs of 88-97 %
from Bordo grape (V. vinifera) wine pomace.

Microencapsulation efficiency (ME) refers to the potential
of the wall material to encapsulate or hold the core material
inside the microcapsule. Encapsulation efficiencies are also
related to the shelf life of the anthocyanin content in the pow-
der (Idham et al. 2012). In this study, the usage of different
wall materials did not cause differences in the AR and ME,
where the three formulations presented a high percentage
(above 88 %) of ME, indicating that the largest portion of
the anthocyanins is located inside the core of the capsules,
while the minority is on its surface. Many authors have studied
the usage of MD and GA as wall materials to encapsulate
anthocyanins (Idham et al. 2012; Souza et al. 2015; Silva
et al. 2013), and there is no conclusive information about the
best materials to optimize the AR and ME of anthocyanins.
The concomitant usage of these materials was more frequently
reported as one of best choices, although the disagreement of
results found in many studies demonstrates the complexity
that involves the encapsulation of these compounds.

Table 1 Quantification of
anthocyanins in wine grape
pomace extract, anthocyanin
retention (AR) on

microencapsulated powders, and
the respective microencapsulation
efficiency obtained on each
powder

Pomace extract AR (%)
(mg/100 g db)
GA MD GA/MD

Delphinidin-3-glucoside 704.04+122.69 28.86 78.25 73.92
Malvidin-3-glucoside 4601.08+94.10 97.78 92.16 97.31
Cyanidin-3-glucoside 186.74+12.89 7.84 14.39 14.35
Petunidin-3-glucoside 0.04+0.00 92.56 88.56 99.92
Total anthocyanins (AT) 5491.90+229.68 85.88 a 87.73 a 9149 a
Microencapsulation efficiency (%) 89.50 a 87.99 a 89.61 a

The analyses were performed in three replicated samples. Values expressed as the mean+standard deviation.
Different letters in the same line indicate statistically significant differences (p<0.05) between the treatments
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2,2'-Azino-Bis(3-Ethylbenzothiazoline-6-Sulfonic Acid,
Solubility, and Moisture of the Microencapsulated
Powders

The GA powder showed the highest antioxidant activity
(Table 2), followed by GA/MD and MD powders.
Because Rodrigues et al. (2012) suggested antioxidant
properties of GA, the present study analyzed the antioxi-
dant activity of empty MP. However, no significant differ-
ence between the wall materials was verified concerning
this property (2.2+0.1, 2.0+0.2, and 1.8+0.1 Trolox
equivalents per gram of empty GA, empty MD, and empty
GA/MD, respectively).

Considering that the powders showed similar AR and ME
and that the wall materials utilized presented the same antiox-
idant activity, no difference between the antioxidant properties
of the powders was expected. However, GA presented higher
antioxidant activity than the other powders. Once the ABTS
was measured in water, the solubility of the powder in water
became an important parameter, as the release of encapsulated
anthocyanins is highly dependent on the dissolution of the
wall material (Berg et al. 2012). Because GA and GA/MD
presented higher solubility in water (Table 2), it is possible
to suggest that higher amounts of anthocyanins were released
in water when these materials were used as wall materials,
promoting a higher antioxidant activity of the capsules in the
aqueous environment.

Color Stability of Powders

During 42 days of storage (25 °C, packaged under vacuum
and protection from light), the most affected parameter was
a*, where positive values are an indication of the red
tonality (Table 3). The powders all presented a high value of
a*, which can be attributed to a high anthocyanin content
(Jiménez-Aguilar et al. 2011). This parameter remained stable
during 21 days to all MP, suggesting that the encapsulation
with GA, MD, and GA/MD promoted the stability of antho-
cyanins during this period. The three formulas of MP analyzed
showed a reduction of this parameter after 42 days, which

Table2 ABTS (1 M trolox/g MP), solubility, and moisture of powders
microencapsulated with different wall materials

ABTS Solubility (%) Moisture (%)
GA 313+13a 83.19+1.56 a 3.63+0.15b
MD 12.8+1.2 ¢ 41.31+£041b 10.98+0.17 a
GA/MD 22.5+14b 90.55+2.28 a 3.63+0.10 b

The analyses were performed in three replicated samples. Values are
expressed as the mean+standard deviation. Different letters in the same
column indicate statistically significant differences (p<0.05) between the
treatments

Table3  Color stability of powders microencapsulated with gum arabic
(GA), maltodextrin (MD), and gum arabic/maltodextrin (GA/MD), pack-
aged under vacuum and protection from light, kept at 25 °C

Treatment Day 0 21 days 42 days
Parameter L
GA 72.22+0.22b 69.51+0.43 ¢ 90.25+0.32 a
MD 70.26+0.56 ¢ 66.92+1.99 b 89.98+0.99 a
GA/MD 73.43+£1.09 b 70.87+0.50 ¢ 88.88+£0.59 a
Parameter a*
GA 13.15£0.21 a 13.14£0.74 a 3.50+0.52 b
MD 21.21+0.94 a 19.66+1.39 a 7.41+£0.37b
GA/MD 16.39+0.32 a 16.91+0.57 a 6.12+0.15b
Parameter b*
GA 8.29+0.08 b 9.24+0.50 a 7.87+0.37 ab
MD 5.61+0.33 a 6.74+0.45 a 4.94+0.74 b
GA/MD 6.17+£0.17 b 6.86+0.024 a 6.62+0.16 ab

The analyses were performed in three replicated samples. Values are
expressed as the mean+standard deviation. Different letters in the same
column indicate statistically significant differences (p<0.05) between the
treatments

demonstrates a loss of red color related to the anthocyanin
degradation. The decrease in the parameter a* was also report-
ed by Idham et al. (2012), who evaluated the color stability of
anthocyanins encapsulated with GA, MD, and starch during
storage at 4, 25, and 37 °C in the absence of light, and Souza
et al. (2015), who evaluated color stability of anthocyanins
encapsulated with different concentrations of MD during stor-
age at 25 °C, 38 % RU, without protection from light.

Except for some fluctuations, an increase in lightness
(L*) was observed in all powders. The increase of param-
eter L* during the storage of encapsulated anthocyanins
has been found in other studies, where it is interpreted as
an indication of discoloration due to degradation of antho-
cyanins (Jiménez-Aguilar et al. 2011).

Only MD suffered a reduction in parameter b* (a decrease
in b* is related to the loss of blue), while the other powders
presented oscillating values of this parameter. According to
Schwartz et al. (2010), malvidin-3-glucosideo, the major an-
thocyanin found in this study, is the anthocyanin contributing
the most to the blue color; hence, the decrease in b* would
indicate its degradation (Table 3).

Film Characterization

The film properties are presented in Table 4, where the three
formulations presented the same measure of thickness. The
film formed with MD (F.MD) presented the lowest opacity,
indicating a higher transparency of films and, thus, a less
protective barrier against light.

One of the main functions of a film for food packaging is
often to impede moisture transferring between food and the
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Table 4  Thickness, water vapor permeability (WVP), moisture, opacity, tensile strength (TS), and elongation of films produced with anthocyanins
encapsulated with different wall materials: gum arabic (F.GA), maltodextrin (F.MD), and gum arabic/maltodextrin (F.GA/MD)

Thickness (mm) Opacity WVP? Moisture (%) TS (MPa) Elongation (%)
F.GA 0.149+0.015 a 1.92+0.16 a 14.80+0.80 a 12.54+0.62 a 0.14+0.02 b 12.1+£0.5b
FMD 0.140+0.006 a 0.65+0.01b 5.93+0.47b 10.65+0.38 b 0.75+£0.11 a 1242+10.8 a
F.GA/MD 0.146+0.017 a 1.81+£0.15a 14.03+£0.54 a 11.61+0.36 ab 0.15+0.01b 104.1x11.1 a

The analyses were performed in at least three replicated samples. Values expressed as the mean+standard deviation. Different letters in the same column

indicate statistically significant differences (»<0.05) between the treatments

aRepresented in [gm ' s ' Pa' x107'']

surrounding atmosphere, so the WVP of the film should be as
low as possible (Wang et al. 2015). Comparing the films de-
veloped in this study, F.MD presented the lowest WVP, which
also had lower moisture (Table 4). The rate of migration of
water molecules in a biopolymer film decreases with a de-
crease in the size of the biopolymers in a film matrix due to
an increase in the tortuosity of the pathway of water molecules
(Kim et al. 2012). This resulted in a decrease of WVP in the
film made with MD (F.MD) because MD DE 20 presents
smaller particle size than GA. Additionally, the lower
WVP and moisture can be attributed to the lower percent-
age of glycerol used during F.MD formulation, which was
15.4 % (related to solids), compared to 25.2 % in F.GA and
22 % in F.GA/MD. The presence of glycerol, a hydrophilic
plasticizer, favors water molecule adsorption (Yoshida
et al. 2003), thus provoking a higher WVP on the formu-
lations containing higher concentrations of this component
(Miiller et al. 2008). The WVP results found on the present
study were lower than cassava starch-based films
(40 gm ' s Pa 'x107'") and starch—polyethylene films
(120 to 220 g m ' 7' Pa~'x107'") and comparable to
cassava starch-based film with bentonite nanoparticles
(8340 gm ' s Pa 'x107"") (Jiménez et al. 2012).

In the present study, the film formulation with better resis-
tance (higher TS) was obtained when MD powders were used
(F.MD); thus, it is possible to presume that the usage of GA
has weakened other formulations (F.GA and F.GA/MD) as
can be observed at Table 4. The high addition of GA in films
has been reported to reduce the intermolecular force between
the chains of adjacent macromolecules and, consequently, to
reduce the tensile strength (LI et al. 2015). Additionally, the
presence of glycerol is related to a reduction in tensile strength
due to the decrease in intermolecular interactions between film
matrix molecules, which can explain the lower tensile strength
from the formulations F.GA and F.GA/MD (Table 4). These
results are similar to those from the study of Souza et al.
(2012), where the addition of glycerol caused a decrease in
TS in cassava starch films.

Considering that mechanical properties may vary with
specimen thickness, method of preparation, speed of test-
ing, type of grips used, and manner of measuring extension
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(Souza et al. 2012), it is difficult to compare these proper-
ties with literature data. Despite these difficulties, F.MD
resistance is comparable with those reported in literature
for biodegradable films, whereas F.GA and F.GA/MD
present low TS results.

Elongation (%) represents the maximum change in
length of the test specimen before breaking, thus reflecting
the ability of films to strain and adapt into packaged prod-
ucts. The formulations containing MD (F.MD and F.GA/
MD) presented outstanding elongation ability (higher than
100 %) when compared with other biodegradable films.
This property can be attributed to the plasticization effect
caused by the higher mobility promoted by the relatively
low molecular weight of MDs (Embuscado and Huber
2009) combined with the usage of glycerol.

Effect of Films on Retardation of Sunflower Oil Oxidation
(Peroxide Value)

The peroxide index (PV) was used to monitor the effect of the
films on the oxidation of sunflower oil. Figure 1 shows the
evolution of this index for the different samples over time.
Once all samples exceeded the limit of 10 meq peroxides/kg
(maximum value permitted by Brazilian legislation to oil com-
mercialization), the test was suspended.

Edible films and coatings that include antioxidant agents in
their formulation protect food both by the antioxidant effect of
compounds and by the air barrier that they represent, which
results in a better preservation of quality (Bonilla et al. 2012).
Because oils and fats are easily broken down during storage,
the PV tends to increase during early stages of oxidation when
the formation rate of hydroperoxides is higher than the rate of
decomposition (Pereira de Abreu et al. 2010). The control
sample, which was not coated and thus was directly exposed
to the air and light, reached 65.8 meq peroxides/kg after 3 days
of storage, while the samples coated with films presented low-
er values (28.7, 18.5, and 4.7 meq peroxides/kg to F.GA,
F.GA/MD, and F.MD, respectively). Regarding the
established PV limit, only oil samples protected with FMA
were appropriate to consume after 3 days, being under the
limit until the sixth day of accelerated storage environment.
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Fig. 1 Effect of films with 2804
anthocyanins encapsulated with 160 -
maltodextrin (F.MD), gum arabic
(F.GA), and gum arabic/ 140 1
maltodextrin (F.GA/MD) on ® 1201
sunflower oil oxidation at 40 °C, £ Control
54 % RH, and 950+50 lux of %001 S mm=e F.MD
luminosity, measured by peroxide g g — —F.GA/MD
formation over time. An open g - = FGA
glass Petri dish containing > 607 10 mea/ke
sunflower oil was used as control -

20

0 :

Considering the protective effect of films on sunflower oil,
FMD showed the best results, where it reduced the rate of
the primary oxidation process and therefore kept the oil in
appropriate conditions for commercialization for a longer

Fig. 2 SEM surface
morphologies of
microencapsulated powder
particles (a—c) and films (d-f)
with a magnification of x500. a
GA particles. b MD particles. ¢
GA/MD particles; d—film made
with GA (F.GA); e—film made
with MD (F. MD); f—film made
with GA/MD (F.GA/MD)

Time (days)

time. Upon exposing sunflower oil to light and heat, the PVs
obtained showed that the films actively protected the oil.

A later decrease in PV is expected as a result of the
lower substrate availability and the instability of peroxide
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molecules, which leads to a formation rate lower than that
of decomposition (Pereira de Abreu et al. 2010). The in-
crease and subsequent decrease in the PV value observed
in F.GA and F.GAMD samples are a consequence of lower
substrate availability, which limited formation of new per-
oxides. During the time analyzed, this behavior was not
observed at the control sample because its direct exposure
to the air allows an abundant substrate availability that
induces a high formation rate of new hydroperoxides.

Surface Characteristics Powders and Film

The analysis of the surface of MP particles obtained with
different encapsulating agents and the films obtained from
them was performed using SEM. The MPs (Fig. 2a—c)
showed smooth surfaces and irregular, flake-like structures
of different sizes, eventually forming aggregates, which
was expected because the powders were freeze-dried and
ground in mortar (Gurak et al. 2013). Figure 2b shows that
MD was the encapsulating agent that enabled the formation
of capsules with fewer wrinkles on their surfaces, which is
in accord with the research of Silva et al. (2014). The ad-
herence of small particles to the surface of larger particles was
observed in the three treatments, which was also observed in
the studies of Cano-Chauca et al. (2005) and Silva et al. (2014).

On the film’s surface (Fig. 2d—f), it is possible to observe
that the particles were partially dissolved in the films, where
small dispersed fractions can be visualized. Films made with
MD (Fig. 2e) enabled the formation of a smoother surface
with fewer wrinkles, which can be explained by the lower
molecular weight of MD in comparison with GA, thus
forming a denser structure. F.GA presented an irregular sur-
face with some disruptions, what helps to clarify its poor me-
chanical properties.

Conclusions

The wall materials utilized in this study showed effectiveness
in encapsulating the anthocyanins extracted from WGP,
achieving up to 91.5 % of AR and 89.6 % of ME, where no
difference was found between the treatments. A higher anti-
oxidant activity was found in GA powders, which was attrib-
uted to its higher solubility in water and consequent liberation
of anthocyanins to the aqueous environment. Films prepared
with the different microencapsulated powders showed differ-
ent mechanical properties, and films made with MD powder
(F.MD) presented the best results for tensile strength and a
high elongation. The F.MD also presented a higher protective
effect on peroxide formation in sunflower oil, which makes
MD a promising material for the acquisition of films with
satisfactory mechanical properties endowed with encapsulat-
ed anthocyanins. Further research will be conducted in order
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to understand the mechanism of release of anthocyanins from
films and its activity on reducing the presence of radical oxi-
dative species in food.
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