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ABSTRACT

Edible films are an alternative to synthetic materials used for packaging foods. The aim of this study was to develop
and characterize films made from cassava starch, freeze-dried acai and glycerol. The films were characterized for
thickness, water vapor permeability, water solubility, anthocyanins, antioxidant capacity and mechanical
properties. The results indicated a rich edible film in anthocyanins with considerable antioxidant capacity (150.70
micromol Trolox), which can extend the commercial validity of the packaged food and meets the growing demand
for biodegradable packaging that tends to reduce the environmental impact. The addition results in a significant
effect on the polymer matrix reducing the water solubility and water activity. The elongation test at rupture reported
to be 17.738%, indicating that addition of pulp increased film flexibility.
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INTRODUCTION

Plastic food packaging is developed from polymers derived from petroleum. Despite
their low cost and high mechanical resistance, they are not biodegradable!?, taking
around 400 years to decompose and the incorrect disposal is responsible for
environment degradation and death of thousands of marineanimals®. In addition, such
materials can cause harm to consumer's health such as liver and gestation damage
besides being carcinogenic, once most of the food packaging is produced from
polyvinyl chloride (PVC), the second most widely used thermoplastic in the world,
developed from the vinyl chloride monomer and added with organic plasticizers®. It is
known that petroleum based polymers, when heated, release volatile compounds that
are toxic® and when used for packing fatty foods, plasticizers tend to migrate into the
food due to structural similarity to lipids*®’.

In an attempt to reduce that problem, new materials have been studied with the aim of
forming biodegradable films capable of maintaining food quality and prolonging their
commercial validity8, but not causing harm to consumer’s health, since most of these
materials are considered “generally recognized as safe” (GRAS)®. Thus, starch was
one of the first polysaccharides studied for the formation of films and it is widely
available and has a low cost'%; Among the sources of starch studied, cassava is the
second most used for this purpose*.

Packagings added with edible natural compounds can provide interesting gas barrier
properties’?, and result in films with added value, by increasing the commercial
validity of the food. In addition, they can have the potential benefit of being added of
bioactives compounds in the diet'®. The Acai fruits are produced by a palm tree found
in Brazil, Euterpe Oleracea Martius, that have substantial phenolic compounds
content, which can be used to increase the shelf life of foods due to the high
antioxidant content and high concentration of anthocyanins!*. Acai is considered a
'superfruit' and contains anthocyanin content higher than fruits such as blackberry®.
This property is interesting for preparation of functional films, since anthocyanins
promote the prevention of auto-oxidation and lipid peroxidation in biological
systems?®,

There are no reports on cassava starch films added with acai in the scientific literature
until now. Another relevant aspect of the current literature is that antioxidant capacity
of the starch films added of fruit sources has not been studied yet, therefore requires
investigation. The objective of this work was to develop and to characterize
plasticized glycerol cassava starch films added of lyophilized agai pulp.

MATERIALS AND METHODS

Lyophilized acai was donated by Liotécnica (S&o Paulo, Brazil); cassava starch, also
called in Brazil as “polvilho doce”, was purchased from a local market (Yoki
Alimentos, Sdo Paulo, Brazil); glycerol P.A. (Fine Chemistry, Dugue de Caxias, RJ);
citric acid anhydrous P.A.- A.C.S. (Synth, Diadema — SP) and distilled water were
used in the elaboration of films.

Preparation of Sample by Ultrassom

In order to reduce the particle size distribution of lyophilized agai particulate, an
ultrasound was used'’. 6 g of Acai dissolved in 390 mL of distilled water was added
with 6 mL of 3% citric acid solution. After solubilization, the solution was submitted
to a sonifier ultrasound of 450W (Branson Digital, Danbury, USA) at 25 kHz in three
amplitudes (12, 25 and 50%) for 5 min, pulse off of 5 s and pulse on of 2 s.
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Quantification of Anthocyanins by High Performance Liquid Chromatography
(HPLC)

The quantification of anthocyanins (QA) by HPLC in the samples of non sonicated
Iyophilized acai and lyophilized acai submitted to sonication was performed on
anexternal standardized chromatograph model 2695 (Waters Alliance, Milford, USA),
on a 4.6 x 100 mm and 2.4 um (Thermo®, Waltham- Massachusetts, USA) column,
mobile gradient acetonitrile phase and 5% formic acid solution, 1.0 mL / min; 40 °C
injector temperature, UV detector PDA 2996 Waters (520 nm); Injection volume 20
uL and run time 20 min*8, according to the methodology described by Santiago®®. The
analysis was performed in triplicate.

Particle Size Distribution

The particle size distribution was determined by the laser diffraction S3500
(Microtrac Inc., Montgomery Ville, USA), following the methodology described by
the 1SO 13320-1% and the principle of light scattering technique in the measurement
of the laser diffraction angles and their relation with the diameter of the particle?!. The
analysis was conducted in triplicate where each aliquot was taken from a 60% aqueous
solution of lyophilized acai. For each replicate, three cycles were performed. The
distilled water was used as the dispersant/ carrier fluid and the refractive index of the
starch (1.38) was adopted for calculations performed by the system.

Antioxidizing Capacity

The determination of the antioxidant capacity was performed by two different
methods: ABTS ([2,2'-azino-bis (3-ethylbenzothiazolin) 6-sulphonic acid]) and ORAC
(Oxygen Radical Absorbance Capacity), according to Rufino et al.?? and Zuleta et
al.2%, respectively. Samples were prepared for analysis according to the protocol of
preparation described by Re et al?,

Film Preparation

Cassava films were prepared following the casting technique described by Farias et al®
using a film-forming solution at 4% starch and glycerol content of 23.7% dry starch.
For the preparation of cassava starch films added of acai, prior to the process, the
lyophilized was sonicated acai (better condition selected) at concentration of 34.43%.
For both films, the film-forming solution was produced by using a Viscoamylograph
N182506 (Brabender, Duisburg, Germany) under controlled conditions of shear and
temperature. The heating cycle regime was heating up to 90 °C at a heating rate of 2
°C/min, keeping at this temperature for 10 min and cooling down to 50 °C. The
solution was poured into 142 mm plexi-glass dishes and dried in a fan oven at 30 °C
(x 5) for 24 h. After drying the films were manually removed from the plates and
stored at 52.9% relative humidity chambers, under vacuum until further analysis.

Sample Preparation For Quantification of Anthocyanins and Antioxidant
Capacity of the Films

Due to film plasticity, liquid nitrogen was used in an A1l basic S32 knife mill (IKA,
Staufen, Germany) in order to increase rigidity and facilitate the milling. As finer
particles was required by the analyses, 5 min manual maceration was required
followed by sieving at 150 pum aperture size to obtain obtain fine particles.
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Quantification of Anthocyanins From Films by HPLC

0.4 g of the powder obtained in item 2.6 was added with 400 uL of distilled water
remaining in repose for 10 min and extraction was carried out. An analysis was
performed as described in item 2.2.

Antioxidant Capacity (AC) From Films by ABTS and ORAC

0.5 g of the powder obtained in item 2.6 was submitted to AC extraction and analysis
as described in item 2.4.

Film Thickness

The thickness was determined in triplicate?®, by direct reading in digital micrometer IP
54 (Fowler, Newton, USA), with a sensitivity of £ 0.001 mm, measured at five
random points for each film.

Water Solubility

20 mm diameter films were weighed and placedin to a beaker with 50 mL of distilled
water 26, The system was kept under slow stirring in a Dubnoff NT 232 shaker bath
(Piracicaba, Brazil) at 25 °C for 24 h. Then, the samples were dried in an oven at 105
°C for 24 h. The result was calculated by the difference between the final (after
solubilization and drying) and initial weights, and expressed as a percentage of dry
solubilized material. The analysis was performed in triplicate.

Water Vapor Permeability (PVA)

Water vapor permeability was determined by gravimetry method according to ASTM
(American Society for Testing and Material), modified E96-80%" at 25 °C%, Circular
films of 40 mm diameter were placedin permeation containers with distilled water.
Containers were desiccated with blue silica gel to ensure a water gradient in the
system, the whole being stored in a BOD incubator (Hydrosan, Belo Horizonte,
Brazil) at 25 °C and 53% relative humidity for nine days with daily weight
monitoring®.

Water Activity

The water activity (WA) was determined in triplicate by direct reading on the
AquaLab Lite 2T (Decagon Devices Inc., Pullman, USA), at 25 °C. The samples were
dimensioned in a circular format of 35 mm in diameter and placed in the capsules of
the equipment.

Mechanical Properties

Determination of deformation tests and elasticity modulus followed the standard
method proposed by ASTM*, D 828-95a, using the Texture Analyzer TA XT Plus
(Stable Micro systems, Surrey, England) fitted with a tensile grip probe. A total of 14
replicates were performed for each assay, with specimens sized 50 x 15 mm. It was set
a distance of 30 mm between the grips and the test was conducted at a speed of 1
mm/s. The stress at the rupture was determined by the relationship between force and
area of the initial cross section of the film. The modulus of elasticity in the linear
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region of the plot of the stress curve as a function of the strain and the strain at the
break followed the equation 1:

R=1L.100/Ci

(1)

(where R is the elongation at break expressed in%; L is the distance at the moment of
rupture expressed in mm and Ci is the initial sample length in mm).

Statistical Analysis

The results of each parameter were submitted to analysis of variance (ANOVA) and
Tukey test with 95% confidence using XLSTAT 2015 6.1 (Microsoft, Redmond,
Washington, USA).

RESULTS AND DISCUSSIONS
Ultrasound and Analysis of Acai Particle Size

The three amplitudes used in the ultrasound significantly reduced the size of the acai
particles (P <0.05). The use of ultrasound for 5 min at 50% amplitude was the most
effective in reducing particle size, indicating an average D90 of 79.59 £+ 8.9 pum,
whereas the non-sonicated lyophilized acai presented a D90 of 221.6 um, followed by
the acai subjected to 25% amplitude which showed D90 of 102.5 + 3,2° um and at
12% amplitude with D90 of 162.6 £+ 16,3° um.

Quantification of Acai Anthocyanins.

The lyophilized agai showed 311.46 mg / 100 g of anthocyanins. After sonication at
12, 25 and 50% amplitudes, the values found were: 295.77 + 33.3 mg / 100g, 279.08 +
10.7 mg / 100g and 182.22 + 32.3 mg / 100 g, respectively. The higher anthocyanin
degradation observed after sonication at 50% amplitude could be attributed to
sonolysis, which may lead to its hydrolysis in water molecules, causing the production
of free radicals and consequent oxidation-reduction reaction of anthocyanin
molecules®.

The majority of anthocyanins cyanidin-3-O-glycoside and cyanidin-3-O-rutenoside
are displayed Figure 1 and reported in the literature®**®, The presence of anthocyanins
is responsible for reducing the production of reactive oxygen species, which may lead
to diseases such as diabetes, neurological damage, endothelial dysfunction and
cardiovascular diseases by preventing the oxidation of low density lipoproteins.
Anthocianins are also known to present anticarcinogenic, anti-inflammatory and
antimicrobial properties 3
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Figure 1. Chromatogram obtained in the UV region visible at 520 nm which reproduces the profile of the
anthocyanins from the freeze-dried acai anthocyanin extract. The main anthocyanin compounds are whon in the
graph: (1) cyanidin-3-O-glucoside and second peak (2) peak cyanidin- 3-O-rutenoside, with retention time of 5.7
min and 6.6 min, respectively.

Although sonication has reduced anthocyanin content of lyophilized powder, these
values found were are still higher than those found in the literature for commercial
acai pulps found in the Brazilian market, with values ranging from 157.70 mg / 100 g
to 201.44 mg / 100 g*.

High storage periods * even at low temperatures®” and the application of conservation
processes in acai fruits can also reduce bioactive compounds, however, they are
essential for their microbiological safety *. Another factor that can directly interfere in
the concentration of these compounds is the degree of maturation of the fruit, since
there is a direct relationship between maturation and anthocyanin content 3,

The difference between the results for the lyophilized acai and the in natura pulp can
be attributed to the lyophilization effect in concentrating the samples “°. However,
Gouvéa* found lower values than commercial pulps of frozen and freeze-dried acai in
the laboratory (48.2 mg / g), indicating that such reduction was probably related to the
process performed by the industry that goes from harvesting to storage.

Antioxidant Capacity of Lyophilized Agai Pulp: ABTS and ORAC

The lyophilized pulp presented values of AC per ABTS of 208.02 + 8.6 umol Trolox /
g and by ORAC 568.79 = 9.1 umol Trolox / g. These results are superior than those
found in studies with fresh acai pulps. Cruz *2 found 36.6 umol Trolox / g for acai pulp
by ABTS, where fresh fruits were pulped for the study. Malcher® analysis of acai
pulps harvested at different locations, with different planting techniques and at
different times of the year, found the highest antioxidant activity by ABTS for one of
the ten pulps analyzed (421.37 umol Trolox / g), with acai harvested in high season
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and cultivated with minimal impact. Schauss et al. *® obtained higher ORAC (1027
umol Trolox) results for fruits harvested and lyophilized specifically for the analysis,
under storage conditions of -20 °C, which allows greater preservation of anthocyanins,
and may justify the difference against the result obtained in this work.

Evaluations of Elaborated Films: Optical Aspects and Thickness

The films presented a color compatible surface with the fruit (Fig. 2), indicating that
the processing did not change abruptly the chromophore of the anthocyanins, the
flavilcation.

Figure 2. Visual aspect of cassava starch film added of lyophilized agai and glycerol.

The thickness of the acai films varied from 0.162 to 0.175 mm, according to the point
where the measure was taken, whereas the control filmswas much more homogenous
varying from 0.091 to 0.093 mm. The addition of acai significantly increased the
thickness of the films (p <0.0001). Preliminary tests showed a considerable increase in
surface roughness with a consequent increase in thickness, which led to the use of
ultrasound that reduced the size of agai particles and increased homogeneity. The
average sonication (25%) was chosen to reconcile particle size and the presence of
anthocyanins, since particle reduction by ultrasound also reduced anthocyanin content.
These values are close to those found in cassava starch films added of Iyophilized
acerola pulp from 0.121 to 0.158 mm. Films of cassava starch added of mango pulp
and tea grass, the values of thickness ranged from 0.111 to 0.125 mm* ,whereas agai
and pectin films added with essential oils, thickness range was wider, ranging from
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0.104 to 0.201 mm. In the later, thickness increased with the addition of acai pulp,
which was similar to the result found in this work.

Quantification of Anthocyanins (QA) in Films

The content of anthocyanins in the film was 21.59 + 3.62 mg / 100 g. Although the
result represents 10% of the anthocyanin content of the lyophilized acai, it is still
higher than the amount found in some commercial agai pulps®. It is worth to note low
concentration of lyophilized acai utilized in the film preparation (34.43%), also
thefilm development and drying may have contributed to certain anthocianin loss. This
result shows the relevant contribution of acai anthocianin that was considerably
preserved after all these processes.

Anthocyanins have the ability to establish hydrogen bonds due to the presence of
hydroxyls in their chemical structure*®#’, the same occuring with starch*. Due to this
characteristic, anthocyanins are believed to have bound starch molecules by means of
hydrogen bonds, which justifies the use of small amounts of water prior to solvent
extraction, so that such molecules could be extracted. This fact is important given the
instability of anthocyanins to many factors, so the entrapment of anthocyanins would
probably allow greater preservation within the polymer matrix until its use. As the
film can be ingested, it couldbe used as a vehicle for nutritional compounds, being
classified as active packaging®.

The consumption of anthocyanins is variable. In the USA, it is estimated to be from 3
to 215 mg / day*® and the recommended daily dose is from 180 to 215 mg / day, which
is higher than the recommended dose for other flavonoids®. Therefore, the ingestion
of two acai-starch films per day would represent approximately 20% of the estimated
daily dose of anthocyanins, which is higher than the current dose. COOKE et al.*! and
TSUDA et al.% reported the benefits of anthocyanin due to the possibility of
suppression and prevention of diseases.

Antioxidant Capacity

The antioxidante capacity (AC) of the films by ABTS and ORAC was 34.38 + 4.6
umol Trolox and 150.70 £ 5.8 umol Trolox, respectively. It was observed that acai
film could keep 20% of antioxidant capacity, when quantified by the ORAC method,
however it is worth to a note a considerable dilution of the acai with other components
present in the agai film such us starch, water, glycerol and citric acid. Despite dilution,
acai film showed higher antioxidant capacity than commercial frozen acai pulps (data
not shown) and fresh fruits, such as strawberry (20.6 umol Trolox / g)*® and blueberry
(29.20 umol Trolox / g) 37.

Concerning the differences of the results of ORAC and ABTS, the former is more
sensitive and specific for the evaluation of anthocyanins, since it is able to respond to
a greater number of antioxidant compounds than other test methods®*. Silva et al.*®
corroborated this assertion, since they compared the methods of ORAC and TEAC in
plant analysis, and concluded that the ORAC method measured the CA of compounds
that were not observed with the TEAC method. Cerezo et al.*® found that the ORAC
and FRAP assays showed 32.61% and 17.58%, respectively, for strawberry puree
samples.

Water Activity
The WA for the acai films ranged from 0.52 to 0.53, compared to the control films

0.55 to 0.56. Results similar to those found in the literature for mango puree
(0.52)%"and films for cassava starch films and lyophilized acerola pulp (0.50 to 0.54),
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Statistical analysis indicated that the addition of the agai caused a significant reduction
(P <0.05) of the WA of the film, resulting in a material with a lower propensity for
microbial activity and a greater chance of preservation of the anthocyanins in the
matrix3. Although the acai had a high WA (0.92%), the use of the lyophilized fruit
allowed a reduction in this parameter, as well as the time / temperature binomial used
in the drying of the films.

Water Vapor Permeability of Films

The water vapor permeability (WVP) ranged from 0.36 to 0.40 gmm / m2 hkPa for the
acai film and from 0.34 to 0.35 g mm h* m2 kPa* for the control film. The addition of
acai increased the WVP (P> 0.05), which can be explained by an increase of
thickness, since greater thickness directly increasea WVP®. It was also observed in
some oat starch films produced with varied plasticizers®. Starch films developed with
hydrophilic materials present positive relationship between thickness and WVP, due to
the interaction of water with the polymer matrix leading to structural changes caused
by swelling of the hydrophilic matrix. This affects the film structure causing internal
stresses that affects water permeation .

WVP values were close to those found for cassava starch and soy protein? films and
for cassava starch and acerola pulp films®. For the pectin and agai pulp films, the WVP
was higher (3.562 gmm / m2 hkPa) 13. Studies report the reduction of WVP with the
reduction of the added pulp content, which promotes a better interaction between the
fibers of the pulp and the starch, the presence of the insoluble fibers reduces the free
space in the polymer matrix reducing the WVP*., WVP is also reduced with the
addition of hydrophobic polymers®*.When compared to synthetic polymers, acai films
had higher WVP than cellophane (0.84 x 10-10 gm-1s-1Pa-1) and low density
polyethylene (0.0036 x 10 -10 gm-1s-1Pa-1)%2.

The WVP of the acai films limits their use to applications that require a low WVP,
however, the WVP of the agai films are inferior when compared to the other
biodegradable plastics, corroborating with the studies of Soares®®, regarding the
improvement of the barrier properties with the addition of vegetables.

Water Solubility of Films

The solubility in water varied from 16.30 to 18.07% in the acai film, whereas for the
control, it ranged from 28.18 to 36.81%. Typically, polysaccharides are highly
hygroscopic and disintegrate rapidly in water %, which justifies the greater solubility
of the control film. The acai pulp significantly reduced the solubility of the films (P
<0.05). The solubility values for the acai films were close to the cassava starch and
soy protein?® films and to the starch films added of acerola pulp at different
concentrations® where the authors verified that the higher the content of pulp added,
the lower the solubility of the film. The solubility of the acai film are even lower than
the value found for biodegradable films with different fruit pulps®, which is
advantageous.

High solubility does not impair film, it may be necessary in the case of films that need
to be subjected to contact with water during processing of dehydrated foods. In this
case, edible packagings have been used for packaging portions of ingredients to be
dispersed in food mixtures, where an instant dissolution of the film in the medium is
desirable %8, Solubility is also advantageous in cases where the film is consumed
along the product®.In order to reduce water solubility, addition of hydrophobic
coumponds, may reduce film hydrophilicity, resulting in an increase of water
resistance®®,
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Mechanical Traction Tests

Acai films showed 1.3 + 1.2 MPa tensile strength at rupture, 17.74 + 1.4% elongation
at break and 62, 79 + 1.6 MPa elasticity modulus. The control films presented 5.43 +
0.4 MPa tensile strength; 0.061 + 0.0% elongation at break and 133.5 + 1.7 MPa
elasticity, indicating that addition of the acai reduced strength and increased film
deformation. Analysis of variance indicated a significant difference in the parameters
(P <0.05).

Reis et al.** verified a reduction in tension in the starch and mango pulp films, as well
as Sothornvit and Rodsamran® who found low values for mango puree films. Rojas-
Grau™ found 2.90 MPa in apple puree, alginate and glycerol films. The low tensile
strength of the acai films can be justified by the heterogeneity of the material, which
makes it easier to get ruptures at these points. Dantas et al.% found lower resistance to
cassava starch films and fruit pulp. Regarding the deformation, percentages were
found from 14.77 to 34.78%, whereas the control film presented 38.61%.

The incorporation of fruits into the films alters their mechanical properties, due to the
formation of a new matrix generated from interactions of the water with the fibers and
the components of the matrix it self with the pulps, which increases the resistance of
the packages and reduces their deformation capacity, probably due to the fiber
content’. Another explanation for the reduction of strength and elongation is that the
free sugars present in fruit pulps act as plasticizers, however if the plasticizer has
already been added (in adequate concentration), it can lead to a high concentration of
plasticizer in the material, Resulting in excessive interaction between the polymer
network and the plasticizers’ reducing the flexibility of the film. However, the acai
film presented a contrary characteristic, with a greater elongation in the rupture in the
traction test in comparison to the control film, probably by the plasticizing effect of
acai components (sugars and oils) that, together with the glycerol, increased the
elongation of the film.

Pure films of chitosan and hemimethylcellulose exhibited maximum elongation
values of 85 and 5.14% and elasticity of 1998.1 and 808.1 MPa’?, respectively, that is,
they were not very flexible, because the greater the elasticity, the smaller the
flexibility’ . The elasticity was higher than those found for the acai film, indicating
less stiffness which may be beneficial for some applications.

The acai film presented superior elasticity modulus when compared to banana starch,
mango and 50% glycerol films (1.6 and 1.4 MPa)’® indicating that the elevation of the
glycerol content promotes a reduction of the elasticity due to its capacity in reducing
the interactions between the polymer chains®’.

CONCLUSIONS

It was possible to elaborate films of cassava starch and lyophilized acai with good
retention of anthocyanins and considerable antioxidant activity. The material still
presented a lower solubility, less water activity and a less hydrophilic surface than the
control films, which guarantees a better applicability to different food types. As for the
mechanical properties, the acai film presented low tensile strength as the majority of
the films added of fruit pulps, and greater elongation in relation to the control film.
The film obtained besides the potential of use for packaging food, has the possibility
of increasing the ingestion of anthocyanins in the diet, if consumed.
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