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a b s t r a c t

There is currently a strong trend towards the use of biodegradable packaging to replace synthetic.
Therefore the objective of this work was to evaluate the effect of the addition of different concentrations
of flour and microparticles of olive pomace flour in chitosan based films. The films were evaluated for
their barrier, mechanical, optical and antioxidant properties. The protective effect of films against nut
oxidation was also evaluated. The incorporation of the olive residue flour into the chitosan matrix caused
changes in the morphology, making the film more heterogeneous and rough. The addition of 10% of olive
microparticles significantly improved the tensile strength (22.40 ± 0.22 MPa) of films without altering
their original properties. The flour and the microparticles of olive increased the antioxidant capacity of
the films that was proportional to the concentration of flour or microparticles added to the film. The films
with 30% of flour or microparticles were effective as protective packaging against the oxidation of nuts
during 31 days. The packages developed in this study are viable considering the material used in its
production, its biodegradability and the added antioxidants naturally obtained from waste.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The growing requirement for sustainability has increased the
interest of researchers in the development of biodegradable pack-
ages from biopolymers incorporating bioactive compounds ob-
tained from material considered as waste, thus giving added value
to these products. The advantages of biopolymers in relation to
polyethylenes are numerous such as rapid biodegradability, non-
toxicity, biocompatibility with other biopolymers, easy interac-
tion with food, ability to act as a vehicle for antimicrobial com-
pounds and antioxidants (Dutta, Tripathi, Mehrotra, & Dutta, 2009;
Hosseini, Rezaei, Zandi, & Ghavi, 2013). Among the natural poly-
mers used for biodegradable packaging development, chitosan
stands out due to its excellent film forming ability, high mechanical
strength and good barrier capacity (Martins, Cerqueira, & Vicente,
Porto Alegre, RS, Brazil.
Moraes Crizel), alessandro.

tl.pt (V. D. Alves), narcisa@
~ao-Martins), simone.flores@
2012). Chitosan is obtaining by the deacetylation of chitin, a com-
pound found mainly in crustacean shells (No & Meyers, 1995).

Aiming to prolong shelf life, maintain food quality and reduce
the use of synthetic food additives many studies have evaluated the
incorporation of natural antioxidants into chitosan films such as
green tea extract (Siripatrawan & Noipha, 2012) and propolis
(Siripatrawan & Vitchayakitti, 2016). Compounds extracted from
plants or obtained from food residues such as grape pomace extract
(Ferreira, Nunes, Castro, Ferreira, & Coimbra, 2014) and grapefruit
seed extract (Bof, Jim�enez, Locaso, García, & Chiralt, 2016) were
used in active films. The integral use of residues from the food in-
dustry, mainly fruits, and vegetables, is attractive due to its high
content of bioactive compounds. The antioxidant potential of these
residues has been proven in gelatine films added with blueberry
bagasse (Crizel, Costa, Rios, & Flôres, 2016a) and minimally pro-
cessed beet residues (Iahnke, Costa, Rios, & Flôres, 2016). Therefore
the use of flours of blueberry and beet residues can modify the
structure and consequently the mechanical properties of films.

The olive oil industry generates tons of olive pomaceworldwide.
This residue is rich in dietary fiber, phenolic compounds and other
antioxidants such as carotenoids (Crizel, Hermes, Rios, & Flôres,
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2016b), and it is usually burned by industries (Rubio-Senent,
Rodríguez-Guti�errez, Lama-Mu~noz, & Fern�andez-Bola~nos, 2015).
Furthermore, from this residue can be extracted from pectin and,
according to Cardoso, Coimbra,& Lopes-da-Silva (2003), the gelling
ability of this extract is similar to the citrus pectin sold
commercially.

According to Crizel et al. (2016b), the bagasse from olive pro-
cessing has a fraction of 92% of insoluble fiber, which could hinder
the incorporation of the flour in the chitosanmatrix of the films and
consequently impair the physical properties of the film. For that
reason, it becomes interesting the development of microparticles
from this residue since the encapsulation consists in making the
ingredients soluble in a solution and in addition it is a technique
that helps in the stability of the antioxidant compounds (Rosa et al.,
2014).

Considering the high antioxidant capacity of olive oil pomace,
the aim of this study was to evaluate the effect of the incorporation
of different concentrations of flour and microparticles on biode-
gradable chitosan films for food packaging.
2. Materials and methods

2.1. Materials

The chitosan used in the preparation of films was acquired from
Golden-Shell Biochemical Co., Ltd., located in China, and had a
degree of deacetylation (DD) greater than 85%.

Regarding the olive pomace used, it was composed of fruit
bagasse and lumps collected after the first pressing for oil extrac-
tion, and was provided by Olivas do Sul Company (Cachoeira do Sul
city- RS/Brazil).

Fresh walnut (Juglans regia L., cultivar Chandler) kernels were
supplied by H. Reynolds de Souza, Estremoz, Portugal, packed in the
commercial film (PA/PE 90). Walnuts had been harvested during
the period SeptembereOctober 2015 and experiments were carried
out during the period October-November.

The commercial film (polyamide cast flexibleepolyethylene e

PA/PE 90) was purchased from AlemPack, Portugal, and presented
an oxygen permeability value below 4.6 � 10�17 mol m/m2sPa.
2.2. Production of olive pomace flour

Olive pomace was frozen in an ultra-freezer at �40 �C for 48 h
and subsequently lyophilized (Freeze Dryer Liotop, L101, Brazil).
The lyophilized material was ground in a mill (Bertel Brand, Model
MCF55, Brazil). The lumps present in the waste and particles
smaller than 500 nm were separated using sieves for particle size
analysis (Bertel, Brazil); The flour was packed in a vacuum sealer
(Sealer ECOVAC, Model ECOVAC 40, Italy) and stored in the dark at
room temperature (~25 �C).
2.3. Preparation of microparticles by spray drying

For the preparation of microparticles, 5 g of olive pomace flour
was mixed with water (150 mL) and stirred with a magnetic stirrer
(Velp Scientifica, Model Arex, Italy) for 40min. Tween 80 (0.1 g) was
added to this mixture and, subsequently, the solution was stirred
using an Ultra Turrax® homogenizer (IKA Ultra Turrax digital,
Model T25 basics, Germany) for 60 s at a stirring rate of 13500 rpm.
The resulting suspension was pumped at 8 mL/min with a peri-
staltic pump to the spray dryer (LabPlant, Model SD-05, United
Kingdom), operating with an inlet drying air temperature of 160 �C.
2.4. Films preparation

The chitosan (CH) solutions with a concentration of 2% (w/w)
were prepared by dissolving the chitosan flour in a 1% (w/w)
aqueous acetic acid under constant stirring until complete disso-
lution, after which glycerol (1.0% w/w) was added.

Depending on the type of film to be prepared, olive pomace flour
or microparticles were added to the filmogenic solution under
magnetic stirring for 30 min. The resulting filmogenic solutions
were treated in an ultrasound bath for 30 min to remove the dis-
solved air bubbles before being poured in polystyrene Petri dishes
(0.50 g/cm2) and dried in an oven (Binder, Model D �78532, Ger-
many) at 40 �C for 48 h. After drying, the films were peeled off from
the casting surface and maintained at 48% relative humidity and
25 �C for 48 h before their characterization.

Seven different formulations of chitosan films with olive
pomace were prepared: three formulations using the flour,
described in item 2.2, (concentrations of 10%, 20% 30% in relation to
the mass of chitosan used in the preparation of the film); three
formulations with the microparticles obtained by spray drying,
(added at concentrations of 10%, 20% and 30%), and a control
formulation only with chitosan.

2.5. Film thickness

The thickness of films was measured using a micrometer (Model
MDC-25, MitutoyoCorp. Tokyo, Japan) with a precision of 0.001mm
and resolution: 0 mme25 mm. The analysis was performed in
triplicate, and each film sample was measured in 10 different
random locations.

2.6. Scanning electron microscopy

For scanning electron microscopy, the samples were placed on
mutual conductive adhesive tape on aluminum stubs and covered
with a film of Au/Pd, about 30 nm thick in a sputter coater (Quorum
Technologies, Model Q150T ES, United Kingdom). Olive pomace
flour, microparticles, and all the film samples were analyzed by
field emission scanning electron microscopy (JEOL, Model
JSM7001F, Japan).

2.7. Water vapor permeability (WVP)

The films samples were placed in the superior part of a glass
permeation cell (diameter of 5 cm) filled with granular anhydrous
calcium chloride. The cells were sealed with silicone, weighed and
placed in a desiccator that contained a saturated solution of sodium
chloride, resulting in an environment of 75% relative humidity (RH)
at 25 �C. The mass gain was determined by the difference between
mass at time zero and 24 h. The WVP was performed in using
equation (1):

WVP ¼ w:L
A:t:Dp

(1)

In which w is the mass gain rate (water) (g) by the permeation
cell, L is the thickness of the film (mm), A is the permeation area
(m2), t is the time of permeation (h), and Dp is the water vapor
pressure difference between the two sides of the film (3.2 kPa at
25 �C).

2.8. Moisture content (MC) and water solubility (WS)

Formoisture analysis, squares of each film sample (2 cm� 2 cm)
were weighed and placed in a drying oven (Model D �78532, Mark
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Binder, Germany) for 24 h at a temperature of 105 �C. The moisture
analysis was carried out in triplicate, and calculated by the mass
difference divided by the mass of the sample before drying.

The water solubility of films was performed according to the
method used by Mei, Yuan, Wu, and Li (2013). Films squares
(2 cm � 2 cm) were oven dried 105 �C for 24 h (Binder Model
D �78532, Germany). The films were weighed (Wi) and were
immersed in 30 mL of distilled water and maintained under
agitation in a 25 �C water bath for 24 h. Afterward, the samples
were taken out and dried at 105 �C for 24 h (Wf) (Binder Model
D �78532, Germany). The WS analysis was performed in triplicate
and determined using the following equation (2).

WS (%) ¼ Wi e Wf / Wi *100 (2)

2.9. Light transmission, and opacity

Rectangular films strips (4.5 cm long and 1.2 cm wide) were
placed in quartz cuvettes, and their absorption spectra were
measured at wavelengths ranging from 200 to 800 nm using a UV
spectrophotometer (Unicam UV4 UV/Vis, United Kingdom). The
measurement was done in six different strips of each sample. The
opacity value of the films was calculated by equation (3):

Opacity value ¼ �log T600
L

(3)

where T600 is the transmittance at 600 nm and L is the corre-
sponding film thickness (mm). The lower opacity value, the higher
transparency of the films.

2.10. Mechanical properties

Tensile test was carried out according to specifications of the
standard method ASTM D882-09 (2009), a texture analyzer (TA-
Xtplus, Stable Micro Systems, England) was used with a load cell of
1 kg. Rectangular strips of films were cut (80 mm � 25 mm) and
stored in a desiccator with a supersaturated saline solution under
controlled conditions of relative humidity (48%) and temperature
(25 �C) before analysis. Ten strips of each film formulation were
analyzed. Tensile strength at break (TS), elongation at break (% E)
and Young’s Modulus (YM) were calculated.

2.11. Antioxidant properties

2.11.1. Extracts of olive pomace flour and microparticles
Olive pomace flour and microparticles extracts were obtained

bymixing 1 g of flour (or microparticles) with 40mL of a methanol-
water solution (50% each) and stirred with an Ultra Turrax® ho-
mogenizer (IKA Ultra Turrax digital, Model T25 basics, Germany)
for 1 min at 13500 rpm. The overall mixture was stored in the dark
at 25 �C for 60 min and centrifuged (25000 xg for 10 min, Hermle
Labortechnik, Model Z383k, Germany). The supernatant was
separated, and the pellet was extracted again with an acetone-
water solution (70% acetone) using the same methodology
described above. Finally, the recovered supernatants were mixed
and stored in the same flask in the dark.

2.11.2. Ferric reducing antioxidant power
The ferric reducing antioxidant power (FRAP) method was per-

formed according to Pulido, Bravo, and Saura-Calixto (2000). A
90 mL aliquot of the extracts, obtained as described in the previous
section, was transferred to glass tubes, added up with 270 mL of
distilled water and mixed with 2.7 mL FRAP reagent, stirred in a
vortex and placed in a water bath at 37 �C.

In order to measure the antioxidant capacity of films, samples
were cut in 1-cm2 pieces and weighed, placed in tubes with 270mL
of distilled water mixed with 2.7 mL FRAP reagent, followed by
stirring in the vortex and conserved in a water bath at 37 �C.

For all cases, after 30 min of reaction, the absorbance at 595 nm
was measured using a spectrophotometer (Unicam UV4 UV/Vis,
United Kingdom). The spectrophotometer was calibrated with
FRAP reagent. The FRAP results were expressed as mmol FeS-
O4$7H2O equivalents/g dry matter or dry film, using a standard
curve of FeSO4$7H2O (mM) as a reference. Determinations of ferric
reducing antioxidant activity were performed in triplicate.

2.11.3. DPPH radical scavenging capacity
The methodology recommended by Ferreira et al. (2014) was

used for determination of antioxidant activity by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method. One film sample (1 cm2) was
weighed and immersed in 3.9 mL methanolic DPPH solution
(0.06 mM). The reaction occurred in light absence, for 120 min,
stirring in the vortex for 30 s every 30 min. Afterward, the absor-
bance of the supernatant was measured by a spectrophotometer
(515 nm) (Unicam UV4 UV/Vis, United Kingdom).

To evaluate the antioxidant activity of flour and microparticles,
the respective extracts obtained as described in section 2.7.1, 100 uL
of each extract was mixed with 3900 mL of DPPH solution
(0.06 mM), and the reaction lasted 40 min at room temperature in
the dark. The reduction of DPPH radical in the solutions was eval-
uated by measuring the absorbance at 515 nm using a spectro-
photometer (Unicam UV4 UV/Vis, United Kingdom) (Brand-
Williams, Cuvelier, & Berset, 1995).

The results were expressed as mmol Trolox equivalents (TE)/g
dry matter, based on a standard curve of Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid from Aldrich). The analyses
were executed in triplicate.

2.12. Evaluation of the antioxidant effect of chitosan film on
walnuts

Fresh walnut (Juglans regia L., cultivar Chandler) kernels were
lightly crushed and immediately packed in bags (25 g/
140 mm � 100 mm) from the selected films and the commercial
one. In the test, the films with olive pomace flour and microparti-
cles, and the three controls, a chitosan film, opened control and a
commercial plastic packaging (PA/PE 90). The packages and con-
trols were stored in a chamber climatic (Aralab, model FitoClima
600 PDH, Portugal) at 55 �C, with the incidence of UV fluorescent
light (300 mmol/m2/s) for 31 days and 35% humidity.

To evaluate the protective effect of each film type over time, nuts
from each bag were mechanically pressed, and the extracted oil
was analyzed in terms of peroxide index, secondary oxidation
compounds, and fatty acids. The analysis was performed on days 0,
5, 10, 19, 26 and 31. Three samples of each film and controls were
analyzed in each day.

2.12.1. Peroxide index value
The peroxide index value (PI) of walnuts oil was evaluated by

the method described by AOCS (2009). The PI was expressed as
mEq of oxygen per kg of sample.

2.12.2. Secondary oxidation compounds (dienes and trienes)
Secondary compounds were quantitated in the oil samples by

IUPAC method (1979) II.D.23 number, based on spectrophotometry
(GBC Scientific Equipment, UV/VIS 916, Australia). Some wave-
lengths of the ultraviolet spectrum indicate the presence of
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oxidation products, that can be conjugated dienes (232 nm) and
trienes (270 nm).

2.12.3. Fatty acid profile
The fatty acid profile (FA) analysis of walnuts oil was performed

according to the methodology described Bandarra, Batista, Nunes,
Empis, and Christie (1997). For analysis, 300 mg of walnuts oil
were solubilized in 5 mL of acetyl chloride/methanol (1:19 v/v),
mixed and heated at 80 �C for 60min.1mL ofMilli-Q distilledwater
and 2 mL of n-heptane reagent were added to the cooled solution.
The total mixture was centrifuged (2300xg) for 5 min. In order to
remove moisture from supernatant, anhydrous sodium sulfate was
added. A 2 mL aliquot of supernatant was injected into a gas
chromatograph (Varian Star 3800 CP, Walnut Creek, CA, USA) pre-
pared with an autosampler and a flame ionization detector at the
temperature of 250 �C for fatty acid methyl ester (FAME) analysis.
Helium gas was used as a transporter for separation in a capillary
column DB-WAX (30 m length x 0.32 mm internal diameter;
0.25mm film thickness; Hewlett-Packard, Albertville, MN) at a flow
rate of 1 mL/min. The temperature was set at 180 �C for 5 min; it
was programmed to increase at 4�C/min to 220 �C, being main-
tained at this temperature (220 �C) for 5 min with the injector at
250 �C. The qualitative analysis of fatty acids was performed
through the comparison of retention times with Sigma, Nu Check
Preap and Larodan Fine Chemicals standards. The results of the test
were expressed as a percentage of the total FAMEs in the samples of
oil.

2.13. Statistical analysis

The Statistica software 12.0 (STATSOFT Inc., S~ao Paulo, Brazil)
was used to analyze the results obtained by analysis of variance
(ANOVA) and Tukey’s test with a p < 0.05 significance level.

3. Results and discussion

3.1. Scanning electron microscopy

The characteristic morphology of flour and microparticles are
shown in Fig. 1. The results showed a noticeable difference between
the particle size of flour particles and that of the microparticles
obtained by spray drying. In addition, the morphology is also
different, with the flour showing a more irregular shape.

The scanning electron microscopy (SEM) was applied to visu-
alize the effect of the addition of the flour and the microparticles to
the polymeric matrix. Fig. 2 shows the microstructures of surface
Fig. 1. Scanning Electron Microscopy (SEM) images (350� magnificatio
and cross section of each film. It is possible to observe that the
surface of control chitosan film was smooth (Fig 2 G and Fig 3 G)
and did not show cracks. However, therewas a notable difference in
the surface properties when compared to films with flour and
microparticles. From these, the films with flour presented a more
irregular surface, with many waves due to flour particles that were
not solubilized in the chitosan matrix. Similar images were shown
in a study developed by Crizel et al. (2016a) in gelatin films added
with blueberry bagasse flour.

In the cross section of the film (Fig. 3), it was possible to verify
the presence of a very irregular structure with the presence of air
bubbles and oil droplets mainly in the films with 30% of flour and
20% and 30% of microparticles. This fact may be associated with the
presence of oil in olive pomace that is released to the solution
during the homogenization process (Crizel et al., 2016b).

This effect is more clear when observing the surface of the film
in more detail (Fig. 4). According to Ma et al. (2016), the mixture of
oil, water and surfactants may also result in coalescence and
consequently, increase the droplet size, which can be visualized in
Fig. 4 E-F. Chitosan films added with thyme essential oil showed
similar SEM images (Hosseini, Razavi, & Mousavi, 2009). These
authors associated the presence of pores with essential oil
components.

3.2. Water vapor permeability (WVP), moisture content (MC) and
water solubility (WS)

The shelf life of food products is directly related to the transfer of
water between the product and the external environment in which
they are introduced. Films should reduce this transfer of water
(Hosseini, Rezaei, Zandi,& Farahmandghavi, 2016). Thewater vapor
permeability of chitosan films (Table 1) was significantly increased
(p < 0.05) by the addition of olive pomace flour. The addition of 30%
of flour increased by 2.6 times the WVP of films when compared to
control film. This fact is due to the irregular structure (Fig.1 A, B and
C) of the flour and its insolubility in the matrix, which can result in
small cracks that facilitate the transfer of water through the film.
Unlike the olive pomace flour, the addition of the microparticles of
olive pomace did not alter the WVP of the chitosan films, since the
microparticles were smaller and better solubilized in chitosan,
forming amore cohesive intermolecular network and consequently
hindering the passage of water vapor by the film. According to
Martins et al. (2012) and Siripatrawan and Harte (2010), factors
such as water sensitivity may also affect the WVP of chitosan films.

The addition of olive pomace flour did not affect significantly
(p > 0.05) the moisture content of film compared to control film.
n): (A) olive pomace flour; (B) olive pomace flour microparticles.



Fig. 2. Scanning Electron Microscopy (SEM) images (100� magnification) of films surface with olive pomace flour ((A) 10%, (B) 20%, (C) 30%), for films with microparticles of olive
pomace flour ((D) 10%, (E) 20%, (F) 30%) and control film ((G) without flour or microparticles).
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Fig. 3. Scanning Electron Microscopy (SEM) images (750� magnification) of cross section for films with olive pomace flour ((A) 10%, (B) 20%, (C) 30%), for films with microparticles
of olive pomace flour ((D) 10%, (E) 20%, (F) 30%) and for the control film ((G) without flour or microparticles).
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Fig. 4. Scanning Electron Microscopy (SEM) images (300� magnification) of films surface for films with olive pomace flour ((A) 10%, (B) 20%, (C) 30%), for films with microparticles
of olive pomace flour ((D) 10%, (E) 20%, (F) 30%) and for the control film ((G) without flour or microparticles).
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Table 1
Water Vapor Permeability (WVP), Moisture Content (MC) andWater Solubility (WS)
of the control film and films added of flour and microparticles from olive pomace.

Film WVP
(g.mm/m2 h kPa)a

MC
(%)a

WS
(%)a

Flour
10% 1.32 ± 0.03bc 18.87 ± 1.06a 31.93 ± 4.22b

20% 1.52 ± 0.05b 17.76 ± 0.07a 31.40 ± 4.35b

30% 2.23 ± 0.14a 16.47 ± 0.87ab 44.55 ± 1.28a

Microparticles
10% 0.96 ± 0.04d 18.97 ± 0.19a 31.31 ± 3.59b

20% 1.06 ± 0.06d 17.38 ± 0.58ab 28.64 ± 2.55b

30% 1.09 ± 0.02cd 15.04 ± 0.28b 26.16 ± 2.13b

Control 0.85 ± 0.00d 18.28 ± 0.92a 32.61 ± 0.73b

a Results are the means of three determinations ± standard deviation. Different
letters in the same column are significantly different as determined by Tukey test
(p < 0.05).
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Regarding the microparticles, the addition of 30% concentration
reduced the moisture of films. Probably this reduction is directly
associated with the moisture content of the microparticles.

Thewater solubility of chitosan films was significantly higher by
the incorporation of the 30% of olive pomace flour. An increase in
the flour concentration made the filmmore irregular, thus resulting
in the absorption of a greater amount of water and consequently
higher solubility of the film. The addition of microparticles did not
alter significantly (p > 0.05) the solubility of films compared with
the control sample, and this is due to the real cohesion between the
microparticles and the chitosan matrix. According to Crizel et al.
(2016b), the residue of olive oil extraction is rich in lipids (23%),
which may have caused these results.
3.3. Light transmission, and opacity

The optical properties are important to verify the effectiveness
of packaging as a protective agent of food in the face of deteriora-
tion, loss of nutrients and flavors when exposed to visible and ul-
traviolet light (Martins et al., 2012). The transmission of UV light
and visible by the films at awavelength of 200e800 nm is shown in
Table 2. In the UV range of 200e280 nm the films incorporatedwith
flour and microparticles of olive waste flour demonstrated excel-
lent UV barrier properties, while the control film exhibited a light
transmission of 23.63% at wavelength 280 nm. In the range of
350e800 visible light transmission absorbance values were higher
in the films with the lowest concentrations of olive flour and mi-
croparticles. The light transmission was greater than 50% in the
films with 10% of flour and 10% of microparticles. In the films with
30% of flour or microparticles the values were 25.78% and 32.45%,
respectively.

The opacity values for the films added with flour and micro-
particles of olive residue flour were significantly higher when
Table 2
Light transmission and the opacity values of the control film and films with olive pomac

Film
Light transmission at different

200 280 350 400 5

Flour
10% 0.00 0.11 1.28 10.59 3
20% 0.00 0.17 0.97 5.73 1
30% 0.00 0.00 0.02 0.62
Microparticles
10% 0.00 0.24 1.21 12.35 3
20% 0.00 0.00 0.00 0.66 1
30% 0.00 0.00 0.10 1.66 1
Control 0.08 23.63 42.50 69.74 8

a Results are the means of three determinations ± standard deviation. Different letters in
compared to the control film, indicating a lower transparency of the
films. The opacity of films increased proportionally with the in-
crease in flour and microparticles concentrations. All films added
with microparticles presented higher opacity values than the films
with flour, being less transparent and consequently more efficient
in the light barrier. This occurs because the microparticles solubi-
lized better in the matrix of the film, resulting in a more homoge-
neous matrix as shown by SEM. The effects of olive pomace flour
and microparticles on film color can be observed in Fig. 5.
3.4. Film thickness and mechanical properties

The thickness of the film was significantly increased when olive
waste flour content increased (Table 4) because the flour becomes
insoluble in the chitosan matrix and deposits on the surface of the
film and increases its thickness. This fact did not occur with the
addition of microparticles since these are smaller in size, not
altering the thickness of the films that was equal to that of the
control film.

The tensile strength at break (TS), elongation at break (%E) and
Young’s modulus (YM) of chitosan films are presented in Table 3.
From the obtained results it was observed that the incorporation of
olive residue flour in the chitosan films decreased the tensile
strength, the elongation at break and Young’s modulus of the films.
It is directly associated with the non-homogeneous structure of the
film, caused by the presence of insoluble particles from the olive
flour, as was previously observed in the SEM images.

The incorporation of 10% microparticles of olive residue flour
significantly (p < 0.05) increased the tensile strength and elonga-
tion at break of films compared to the control film. The increasewas
approximately 34% for TS and 43% for %E. However, a further in-
crease in the concentration (up to 30% microparticles) generated a
reduction of TS values comparing to the control formulation, while
the difference for %E was not significant. The improvement of the
mechanical properties of films incorporated with 10% microparti-
cles can be attributed to the good interpenetration of these parti-
cles in the chitosan matrix, resulting in a more resistant and
stretchable film before breaking.

As shown by SEM images, the increase in microparticles con-
centration resulted in a greater amount of discontinuities in the
chitosan matrix, causing a loss of cohesion and, consequently,
making the structure less resistant. However, the results for the
tensile strength of the films, especially the control film and the
films with 10% and 20% of microparticles, were quite high consid-
ering the TS value of 7.24 MPa quoted by Stoll, Silva, Costa, Flôres,
and Rios (2017) for polypropylene films. Finally, in relation to YM,
a property that measures how much the film stretches without
deforming, both the addition of olive flour and the addition of
microparticles led to a decrease in YM values, inversely propor-
tional to the quantity of the incorporated olive pomace.
e flour and olive pomace flour microparticles.

wavelengths (%)a
Opacity values

00 600 700 800

4.29 44.39 50.70 56.31 1.77 ± 0.13e

4.22 23.65 28.70 36.30 2.86 ± 0.02d

8.60 16.18 22.73 25.78 3.03 ± 0.06d

5.94 47.79 54.51 59.45 3.51 ± 0.08c

1.25 23.44 32.48 38.32 4.30 ± 0.14b

1.84 21.10 28.50 32.45 6.03 ± 0.20a

6.99 89.94 90.46 91.17 0.68 ± 0.00f

the same column are significantly different as determined by Tukey test (p < 0.05).



Fig. 5. Visual appearance of films incorporated with 10%, 20% and 30% of olive pomace flour (A, B, and C), olive pomace flour microparticles (D, E and F) and control film (G).
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Table 3
Tensile strength (TS), elongation at break (%E) and Young’s modulus (YM) of control
film and films with flour and microparticles.

Film Thickness (mm)a TS
(MPa)a

%E
(%)a

YM
(MPa)a

Flour
10% 0.218 ± 0.01b 7.58 ± 0.23c 17.57 ± 0.28d 40.42 ± 0.29b

20% 0.237 ± 0.01b 5.49 ± 0.21cd 15.39 ± 0.44de 25.79 ± 2.55c

30% 0.305 ± 0.00a 2.89 ± 0.06d 13.31 ± 0.77e 12.39 ± 0.39d

Microparticles
10% 0.140 ± 0.01c 22.40 ± 0.22a 33.01 ± 0.66a 35.90 ± 2.48b

20% 0.140 ± 0.01c 14.55 ± 0.43b 23.58 ± 0.73b 23.43 ± 1.63c

30% 0.145 ± 0.01c 6.51 ± 0.02cd 20.93 ± 0.69c 16.28 ± 0.83d

Control 0.123 ± 0.00c 16.76 ± 3.51b 23.05 ± 1.36bc 69.11 ± 2.10a

a Results are the means of three determinations ± standard deviation. Different
letters in the same column are significantly different as determined by Tukey test
(p < 0.05).
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3.5. Antioxidant properties

The antioxidant activity of the olive pomace flour and micro-
particles were analyzed by the DPPH and FRAP methods. The DPPH
method is grounded on the capture of free radicals, and the FRAP
method evaluates the iron reduction ability. Table 4 shows the
values of the antioxidant activity of chitosan films added with olive
pomace. It can be observed that the incorporation of flour and
microparticles increased the antioxidant activity of films. By the
DPPH method, the antioxidant activity of the flour was
143.51 ± 13.56 mmol Trolox equivalents (TE)/g dry matter, and the
value for the microparticles was 109.16 ± 2.01 mmol Trolox equiv-
alents (TE)/g dry matter. Thus the flour value is statistically higher
than the value of microparticles. The same trend was observed in
FRAP method, the flour presented a higher value
(136.51 ± 13.71 mmol FeSO4$7H2O equivalents/g dry matter) in
relation to the microparticles (115.02 ± 7.57 mmol FeSO4$7H2O
equivalents/g dry matter), but this difference was not significant
(p > 0.05).

The antioxidant activity increase by DPPH method was directly
related to the amount of residue added in the formulation, and the
films with 30% flour or 30% microparticles had the highest values of
inhibition, 39.45%, and 42.56%, respectively, with no significant
difference between them. According to Xie, Xu, and Liu (2001), this
can be explained by the ability of chitosan amino groups to interact
with free radicals and form stable macromolecular radicals and
ammonium groups.
3.6. Evaluation of antioxidant capacity of chitosan film on walnuts
storage

Table 5 shows the results of peroxides, dienes and trienes
analysis of walnuts oil. Chitosan films combined with olive residues
presented significant protective effect against peroxide formation
Table 4
Antioxidant activity of control film and films with flour and microparticles.

Film DPPH (mmol Trolox equivalents/g dried film)a D

Flour
10% 0.88 ± 0.02d

20% 1.32 ± 0.01c

30% 2.48 ± 0.20a

Microparticles
10% 1.18 ± 0.13cd

20% 1.87 ± 0.02b

30% 2.73 ± 0.18a

Control 0.43 ± 0.08e

a Results are the means of three determinations ± standard deviation. Different letters in
in the nuts during the 31 days of storage, differing (p < 0.05) from
the samples packed with chitosan control film without olive resi-
dues and the other negative controls used (open plate and poly-
ethylene packages). There was no difference (p > 0.05) in the oil
peroxide formation of nuts packed with films containing flour and
films with microparticles of olive residue flour. The control samples
that were kept in open plates were those that obtained the highest
index of peroxides in all the days of analysis, as expected.

Oxidation of fatty acids can lead to the formation of secondary
compounds such as the dienes and trienes, identifiable on a spec-
trophotometer at 232 nm and 268e272 nm, respectively (Jadhav
et al., 1996).

At the end of the experiment, the diene formationwas higher in
the controls, and the value of dienes in the open control was
significantly higher than that of the samples packed with chitosan
film. There was no significant difference between the formation of
secondary compounds in the samples of nuts packed with control
chitosan film and the nuts packedwith the chitosan filmswith olive
residues.

The formation of trienes followed the same tendency of
peroxide formation mentioned above, where the films with flour
and microparticles of olive pomace significantly prevented the
formation of these compounds in relation to the control samples
evaluated, this is due to the amount of antioxidant compounds such
as phenolic compounds from the olive residues that are present in
these packages (Crizel et al., 2016b).

Analyzing the values of trienes formed in the nuts, it was
observed that the chitosan films presented no significant difference
between them, on the 19th and the 26th day of analysis and that
only on the 31st day there was a statistical difference between
them, indicating that chitosan helped to preserve the films up to
the 26th day but, at 31st, day the presence of antioxidants was
essential to maintain the protective effect of the packaging, being it
in the form of flour or microparticles.

Fatty acids as u3, are essential for human health because of their
favorable effects on the heart and many diseases such as diabetes,
cancer, and neurological illness. These compounds have anti-
inflammatory effects that can aid in the treatment of diseases (Kaur,
Chugh, & Gupta, 2012). The nuts contain a considerable amount of
u3 fat, with a u3/u 6 ratio of about 0.25. Taking into account the
importance of these fatty acids, theywere evaluated in the samples of
oil extracted from the nuts that were packed in chitosan films, poly-
ethyleneplastics and kept open (Table6). The oil of thenuts packed in
the control chitosan films and in the films with olive residues for 31
days showed no difference in relation to their content of u3 and u6,
although the value of u6 of the samples with chitosan film and mi-
croparticles presented an increase on the 19th day.

It was possible to identify small changes in the fatty acid profile
of the control samples. In the nuts packed in polyethylene bags and
in the samples kept open, there was a significant reduction in the
contents of u3 and consequently in the relation u3/u6. According
PPH - % RSAa FRAP (mmol FeSO4$7H2O equivalents/g dried film)a

14.08 ± 1.36d 4.32 ± 0.12e

21.39 ± 1.25b 7.79 ± 0.02c

39.45 ± 1.59a 7.84 ± 0.26c

15.20 ± 2.50cd 5.45 ± 0.26d

20.98 ± 2.04bc 9.09 ± 0.45b

42.56 ± 2.02a 11.28 ± 0.23a

6.69 ± 0.68e 0.27 ± 0.04f

the same column are significantly different as determined by Tukey test (p < 0.05).



Table 5
Analysis of peroxides (PVs; mEq/kg), dienes and trienes of walnuts oil after having packaged walnuts in the bags preparedwith the films with 30%microparticles and 30% flour,
the control film, the plastic film, and the open control.

Peroxide Values*

Day 5 Day 10 Day 19 Day 26 Day 31

30% Microparticles 0.25 ± 0.07abC 0.75 ± 0.06bBC 1.17 ± 0.14bAB 1.56 ± 0.14cdAB 1.78 ± 0.34dA

30% flour 0.25 ± 0.07abD 0.71 ± 0.02bC 0.86 ± 0.05bC 1.20 ± 0.07dB 1.65 ± 0.14dA

Control film 0.20 ± 0.00bD 0.88 ± 0.12bC 2.06 ± 0.01aB 2.13 ± 0.16bcB 3.10 ± 0.03cA

Plastic film 0.45 ± 0.07aD 1.08 ± 0.01bC 1.09 ± 0.14bC 2.88 ± 0.07abB 5.09 ± 0.14bA

Open control 0.20 ± 0.00bC 2.27 ± 0.17aB 2.62 ± 0.35aB 3.36 ± 0.48aB 6.40 ± 0.58aA

Dienes*,a

Day 5 Day 10 Day 19 Day 26 Day 31

30% Microparticles 0.08 ± 0.01dC 0.10 ± 0.00cCB 0.11 ± 0.00dB 0.13 ± 0.00bA 0.15 ± 0.01cA

30% flour 0.08 ± 0.00cdC 0.11 ± 0.00bBC 0.13 ± 0.00cAB 0.16 ± 0.02abA 0.16 ± 0.00cA

Control film 0.10 ± 0.00bcD 0.11 ± 0.00bD 0.13 ± 0.00cC 0.16 ± 0.00abB 0.18 ± 0.00bcA

Plastic film 0.13 ± 0.01aC 0.11 ± 0.00bBC 0.16 ± 0.00bB 0.16 ± 0.00abB 0.20 ± 1.17abA

Open control 0.11 ± 0.01abC 0.13 ± 0.00aC 0.19 ± 0.00aB 0.20 ± 0.00aAB 0.22 ± 0.00aA

Trienes*b

Day 5 Day 10 Day 19 Day 26 Day 31

30% Microparticles 1.12 ± 0.01aC 1.76 ± 0.00cB 2.01 ± 0.02cAB 2.50 ± 0.35bA 2.23 ± 0.04dAB

30% flour 1.05 ± 0.02aD 1.58 ± 0.03dC 2.17 ± 0.01cB 2.25 ± 0.00bA 2.31 ± 0.02dA

Control film 1.08 ± 0.03aE 1.90 ± 0.02bcD 2.50 ± 0.02bcC 2.81 ± 0.04abB 3.28 ± 0.00cA

Plastic film 1.11 ± 0.01aD 2.06 ± 0.09abC 2.83 ± 0.22abB 2.77 ± 0.00abB 3.81 ± 0.04bA

Open control 1.16 ± 0.05aD 2.20 ± 0.00aC 3.29 ± 0.21aB 3.39 ± 0.03aB 4.01 ± 0.02aA

*Results are themeans of three determinations ± standard deviation. Different superscript lower case letters in the same column indicate statistically significant differences as
determined by Tukey test (p < 0.05). Different superscript capital letters in the same line indicate statistically significant differences (p < 0.05).

a Conjugated dienes (1% Ɛ 1 cm [l 232]).
b Conjugated trienes (1% Ɛ 1 cm [l 268]).

Table 6
Fatty Acid Profile of walnuts oil after having packaged walnuts in the bags prepared with the films with 30% microparticles and 30% flour, the control film, the plastic film, and
the open control.

Samples Fatty Acid (%)a
Storage (days)

5 10 19 26 31

30% Microparticles u3 14.29 ± 0.25a 14.17 ± 0.06a 14.06 ± 0.19a 14.12 ± 0.16a 13.93 ± 0.04a

u6 59.16 ± 0.09bc 59.20 ± 0.07bc 59.57 ± 0.11a 59.44 ± 0.18ab 59.10 ± 0.03c

u3/u6 0.24 ± 0.00a 0.24 ± 0.00a 0.24 ± 0.00a 0.24 ± 0.00a 0.24 ± 0.00a

30% Flour u3 14.17 ± 0.06a 13.95 ± 0.10a 14.12 ± 0.13a 13.88 ± 0.19a 14.12 ± 0.07a

u6 59.25 ± 0.11a 59.35 ± 0.12a 59.37 ± 0.08a 59.42 ± 0.10a 59.19 ± 0.05a

u3/u6 0.24 ± 0.00a 0.24 ± 0.09a 0.24 ± 0.00a 0.23 ± 0.00a 0.24 ± 0.00a

Control film u3 14.20 ± 0.11a 13.87 ± 0.29a 14.07 ± 0.07a 13.91 ± 0.20a 13.94 ± 0.24a

u6 59.08 ± 0.23a 59.16 ± 0.17a 59.14 ± 0.28a 59.05 ± 0.12a 59.02 ± 0.05a

u3/u6 0.24 ± 0.00a 0.23 ± 0.00a 0.24 ± 0.00a 0.24 ± 0.00a 0.24 ± 0.00a

Plastic film u3 14.25 ± 0.36a 14.21 ± 0.13ab 13.97 ± 0.13ab 13.71 ± 0.15ab 13.59 ± 0.17b

u6 58.97 ± 0.27b 59.31 ± 0.08ab 59.62 ± 0.23a 59.42 ± 0.23ab 59.55 ± 0.17ab

u3/u6 0.24 ± 0.00a 0.24 ± 0.01a 0.23 ± 0.00ab 0.23 ± 0.00ab 0.23 ± 0.00b

Open control u3 14.31 ± 0.25a 14.01 ± 0.17ab 13.68 ± 0.12b 13.80 ± 0.13b 13.62 ± 0.15b

u6 59.18 ± 0.20a 59.15 ± 0.24a 59.34 ± 0.37a 59.34 ± 0.29a 59.17 ± 0.14a

u3/u6 0.24 ± 0.00a 0.24 ± 0.00ab 0.23 ± 0.00b 0.23 ± 0.00b 0.23 ± 0.00b

a Results are the means of three determinations ± standard deviation. Different letters in the same line are significantly different as determined by Tukey test (p < 0.05).
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to Kaur et al. (2012), alpha-linolenic acid is very sensitive to
degradation by light, heat, and oxygen, which would justify this
reduction in the values of the controls.
4. Conclusions

The results of the present work demonstrate that it was possible
to use olive pomace in the development of chitosan films, but the
incorporation of these residues resulted in changes in the original
properties of the films. The films with olive pomace flour presented
a more heterogeneous and rough structure, with several imper-
fections that consequently were reflected in the mechanical
properties causing a reduction in tensile strength and the Young’s
Modulus. The lack of solubility of the flour in the chitosan matrix
increased the permeability and water solubility of films, however,
allowed a significant improvement of the antioxidant properties.

The chitosan based films with the addition of 10%microparticles
of olive pomace revealed films with a more homogeneous and
compact structure, besides a higher mechanical resistance without
showing changes in water vapor permeability and solubility.
Furthermore, the addition of microparticles improved the optical
properties and significantly increased the antioxidant activity.
Furthermore, the films added with olive residues showed a pro-
tective effect against the oxidation of nuts during the 31 days.
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