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Abstract
In this work, the effect of different concentrations of pomegranate peel extract (0.04, 0.07, 0.1 and 0.3%) were evaluated on 
the physicochemical, morphological and thermal properties, as well as the antioxidant and antimicrobial potential of chitosan 
films (CHRE-0.04, CHRE-0.07, CHRE-0.1 and CHRE-0.3). The incorporation of the extract did not significantly change 
the thickness, luminosity or transparency of the films. On the other hand, there was an increase in moisture and water vapor 
permeability and a decrease in solubility with the increase in the extract concentration added to the films. The films CHRE-
0.04 and CHRE-0.07, with lower concentrations of extract, were the ones that demonstrated greater thermal stability. Higher 
antioxidant activity was obtained by the CHRE-0.3 film, with increases that varied between 5.0 and 36.5 times relative to the 
film without extract. The film without extract showed greater antimicrobial potential; however, the CHRE-0.3 film was the 
greatest inhibitor of Escherichia coli (51.6% inhibition). Ecologically friendly chitosan films incorporated with pomegranate 
peel extract have shown the potential to be used in food preservation as an alternative to conventional packaging.
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Introduction

After the COVID-19 pandemic, there was an increase of 
more than eight million tons in the production of single-
use disposable plastics [1]. Conventional petroleum-based 
plastic packaging is widely used due to its high resistance, 
low cost, convenience and versatility; however, it is an 
environmental problem due to its non-degradability [2]. 
Seventy-five percent of global production these petroleum-
based materials are not degradable, creating an environmen-
tal issue [3]. In this sense, the food industry, the largest user 

of plastic materials, has chosen to change packaging material 
to sustainable packaging around the world [3].

Chitosan (poly-(1 → 4)N-acetyl-d-glucosamine) is the 
linear polysaccharide obtained from the deacetylated form 
of chitin. This polymer possesses useful properties, such as 
nontoxicity, biodegradability, biofunctionality and being a 
biocompatible antimicrobial, as well as having antifungal, 
antitumor and hypocholesterolemic, antioxidant, antacid, 
colon targeting and analgesic properties [4]. However, low 
antioxidant and antibacterial activities and low solubility 
are some disadvantages of chitosan [5]. In this context, the 
incorporation of extracts, oils and essential or bioactive 
compounds in chitosan films can improve functionalities 
such as physical properties, antioxidant, and antimicrobial 
activity, as well as being a barrier against UV light, due to 
the gradual release of these active agents [6]. Pomegranate 
peel extracts have demonstrated antioxidant potential due to 
the presence of compounds such as punicalagins, punicalins, 
ellagic acids, epicatechin, catechin and rutin [7, 8]. The pres-
ence of polyphenolic compounds also promotes the antimi-
crobial activity of pomegranate peel extracts against various 
microorganisms, such as Staphylococcus aureus, Escheri-
chia coli, Listeria monocytogenes, Salmonella Enteritidis, 
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Aspergillus niger, Saccharomyces cerevisiae, Fusarium 
sambucinum, Penicillium italicum, Bacillus subtilis, S. epi-
dermidis, Klebsiella pneumoniae, S. Typhi, Yersinia entero-
colitica and Candida albicans [8].

Due to its properties, some researchers have incorpo-
rated pomegranate peel extracts into biodegradable films. 
Hanani et al. [9] obtained fish gelatine films incorporating 
pomegranate peel powder, and Costa et al. [10] elaborated 
poly(vinyl alcohol), potato starch and poly(acrylic acid) 
blends incorporating hydroalcoholic extracts of pomegranate 
peels. Cui et al. [11] obtained zein active film incorporated 
with pomegranate peel extract (PE) encapsulated in chitosan 
nanoparticles. Zeng et al. [12] produced films containing the 
ground pomegranate peel powder and chitosan, and Bertolo 
et al. [13] obtained chitosan and gelatine films containing 
pomegranate peel extract in 60% ethanol; Kumar et al. [14] 
and Yuan et al. [15] incorporated in chitosan films pome-
granate peel extract obtained with methanol. Meanwhile, 
Soltanzadeh et al. [16] obtained films of gelatine and cress 
seed gum containing chitosan nanoparticles and methanolic 
extracts of dried peels of pomegranates, and Catti et al. [17] 
obtained films with cassava starch, glycerol, polybutylene 
adipate-co-terephthalate, potassium sorbate and pomegran-
ate peel extract in 70% ethanol.

In the works cited above, more than one component is 
used in addition to chitosan for the preparation of films 
and concentrations of pomegranate peel extract above 1%. 
Also in some works, the thermal properties of films were 
not shown, the antimicrobial activity was performed with 
a maximum of two bacteria and methanol (a toxic solvent) 
was used to obtain the extracts. This work aimed to obtain a 
low-cost film, with low concentrations of ethanolic extract 
and totally “green”, i.e., environmentally friendly. The films 
were evaluated for physicochemical, morphological, ther-
mal, antioxidant and antibacterial properties.

Material and Methods

Materials

Pomegranate fruits of the “Wonderful” variety were col-
lected in the rural area of the municipality of Caetité (latitude 
14° 10′ 16″ south and longitude 42° 52′ 28″ west), Bahia, 
Brazil. The chitosan used was produced by the company 
Polymar (Fortaleza, Ceará, Brazil) with 100 mesh granulom-
etry, pH 7.4, viscosity of 24 cPs and an 82.89% degree of 
deacetylation. Ethanol, methanol and 2,3,5-triphenyl tetra-
zolium chloride reagents were purchased from Neon Ana-
lytical reagents (São Paulo, Brazil). Glycerine, potassium 
persulfate, acetic acid and ferric chloride III were purchased 
from Dinâmica Contemporânea LTDA (São Paulo, Brazil). 
The 6-hydroxy-2,5,7,8-tetramethylchromo-2-carboxylic acid 

(Trolox), 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), 
2,2′-azino-bis (3-ethylbenzthiazoline) 6-sulfonic acid 
(ABTS+) and ferric reduction antioxidant power (FRAP) 
were acquired from Sigma Aldrich and Fluka Analytica (St 
Louis, MO, USA). The BHI broth was obtained from Kasvi 
(Paraná, Brazil), and the acetate was purchased from Vetec 
Química Fina (Rio de Janeiro, Brazil).

Bacteria Strains

The strains of B. cereus (CBAM 0353), B. subtilis (CBAMd 
f 0441), Enterococcus faecalis (INCQS 00531), E. coli 
(CBAM 0002), Pseudomonas aeruginosa (CBAM 0679), 
S. Enteritidis (INCQS 00258), S. aureus (CBAM 0629), 
Serratia marcescens (CBAM 0519), and S. Typhimurium 
(CBAM 0018) were provided by the Oswaldo Cruz Founda-
tion (Manguinhos, Rio de Janeiro, Brazil) and by the Leô-
nidas and Maria Deane Institute (Amazonian bacteria col-
lection) and kept in Brain Heart Infusion (BHI) broth with 
20% glycerol at – 80 °C in an ultrafreezer.

Preparation of Extract from Pomegranate Peel

The peel was manually separated from the pulp and seeds 
and dried at a temperature of 35 °C in a drying oven for 
48 h. Next, the peel was crushed in an industrial blender 
and sieved through a 32-mesh mesh, until obtaining a 
powder [18]. The extracts were prepared in a 1:5 ratio 
(powder:solvent), with a 70% aqueous ethanol solution and 
shaken at 200 rpm at 30 °C for 1 h in an orbital shaker 
(model TE-420, Tecnal, BR), subsequently filtered on quan-
titative filter paper and the supernatant used [18].

Preparation of Films

The films were prepared with 2 g of chitosan solubilized 
in 100 mL of 1% (v/v) acetic acid, remaining at rest for 
1 h, followed by stirring at 25 °C for 1 h. Then, 1.5% (w/v) 
glycerine was added to the filmogenic dispersion and agi-
tated for 30 min. Then, the mixture was filtered, and the 
pomegranate peel extract was added in the following propor-
tions: 0, 0.04, 0.07, 0.1 and 0.3% (w/w based on dispersion), 
followed by stirring for 15 min at 25 °C. The dispersions 
were placed in plastic Petri dishes and dried in an oven at 
30 °C for 48 h [19]. The films were named CH (chitosan 
film without extract), CHRE-0.04 (chitosan film containing 
0.04% extract), CHRE-0.07 (chitosan film containing 0.07% 
extract), CHRE-0.1 (chitosan film containing 0.1% extract) 
and CHRE-0.3 (chitosan film containing 0.3% extract). The 
films were produced in duplicate.
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Physicochemical Characterization of Films

Thickness

The thickness of the films (mm) was determined in tripli-
cate at six different points using a digital calliper (Pantec 
- 11112B-150).

Moisture Content and Solubility in Water

To determine the moisture content (in triplicate), 4 × 4 cm 
pieces of the films were dried in an oven at 105 °C for 24 h, 
and the results were calculated according to Eq. (1) [20].

where P1 is the weight of the film before drying (g), and P2 
is the initial dry mass value and the weight of the film after 
drying.

For water solubility, 4 × 4 cm pieces of the films were 
immersed in 30 mL of distilled water for 24 h and dried at 
105 °C for 24 h. The experiments were performed in tripli-
cate, and the results were calculated using Eq. (2) [21].

where P1 is the initial weight of the film, and P2 is the final 
weight of the film after drying.

Water Vapor Permeability (WVP)

To assess PVA, films were placed on the surface of beakers 
containing silica gel (RH 0%), inside a desiccator containing 
distilled water (RH 100%) at 25 °C for 48 h (ASTM E96/E 
96M-16). The experiments were performed in duplicate, and 
the WVP was calculated using Eq. (3):

where W is the weight gain (g), L is the average thickness of 
the films (mm), ΔP is the vapor pressure difference between 
the two sides of the film (Pa), S is saturation vapor pressure 
at 25 °C (Pa), t is the total time (s), and A is the permeation 
area  (m2).

Transparency of Film

Rectangular pieces of the films were placed in glass cuvettes, 
and the transmittance was read at 600 nm in a UV spectro-
photometer (KAZUAKI, IL-226-NM, Tokyo, Japan) [21].

(1)Moisture (%) =
P1 − P2

P1
× 100

(2)Solubility (%) = (P1 − P2∕P1) × 100

(3)

WVP
( gmm

sm2 Pa

)

=
W ⋅ L

ΔP ⋅ t ⋅ A
=

W ⋅ L

S ⋅ (RH100% − RH0%) ⋅ t ⋅ A

The transparency was determined by Eq. (4).

where ε is the film thickness in millimetres.

Colour of Films

The colour was analysed at four random points on the films 
using a digital colorimeter (Konica Minolta, CR-10, Tokyo, 
Japan), where the coordinates a* (blue and red), b* (green 
and yellow) and L* (brightness) were determined.

Morphology

The morphology of the films (pieces of 8 mm) was assessed 
using a Scanning Electron Microscope (JEOL, JSM-6510LV, 
Tokyo, Japan). Film samples were immobilized on an alu-
minum stub with carbon tape under vacum conditions and 
the images were obtained using with an accelerating voltage 
of 10 kV and image magnification of × 2000.

Thermogravimetric Analysis

The thermal stability of the films was determined in a ther-
mogravimetric analyser (Hitachi, STA7200RV, Tokyo, 
Japan), operating in a temperature range from 0 to 600 °C, 
using a nitrogen atmosphere at a flow rate of 30 mL/min and 
a heating rate of 10 °C/min. The mass loss thermograms 
were expressed as a function of the temperature range [22].

Differential Scanning Calorimetry (DSC)

The thermal properties of the films were determined by DSC 
analysis in TA Instruments equipment, model Q20, under 
a nitrogen atmosphere at a flow rate of 30 mL/min at 0 to 
300 °C, in a heating interval of 10 °C/min [23].

Fourier Transform Infrared Spectroscopy (FT‑IR)

The FT-IR spectra of the films were determined between 
650 and 4000  cm−1, with 4  cm−1 resolution and 128 scans 
for all samples using a Cary 630 FTIR spectrometer (Agilent 
Technologies, Malaysia).

Antioxidant Activity (AA)

First, the films (100 mg) were diluted in 2 mL of pure meth-
anol and stirred for 3 h, filtered through qualitative filter 
paper, and the supernatant was used for the determination of 
AA by the ABTS, DPPH and FRAP methods [24]. For anal-
ysis by DPPH, 500 µL of the supernatant was mixed with 

(4)Transparency
(

log%Tmm−1
)

=
(log%T)

�
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2 mL of DPPH solution (0.06 mM), vortexed and allowed 
to stand for 30 min in the dark. Then, the absorbances were 
read at 517 nm in a UV spectrophotometer (KAZUAKI, IL-
226-NM, Tokyo, Japan). Pure methanol (100% v/v) was used 
as a blank replacing the supernatant [25]. The analysis was 
in triplicate, and the results were calculated as a percentage 
of inhibition according to Eq. (5). In the ABTS assay, 1 mL 
of the ABTS radical was diluted in 55 mL of pure ethanol, 
to obtain an initial absorbance of the solution at 0.700 (at a 
wavelength of 734 nm). Then, 2970 µL of the ABTS radi-
cal solution was mixed with 30 µL of the supernatant and 
allowed to stand for 6 min. Pure methanol was used as a 
blank. The absorbances were read at 734 nm [26] and AA 
was determined in triplicate by the percentage of inhibition 
calculated by Eq. (5).

where  A0 is the absorbance of the blank and  A1 is the 
absorbance of the solution containing the film supernatant.

For the FRAP method (in triplicate), 150 µL of the super-
natant was mixed with 2850 µL of FRAP reagent. The solu-
tion was kept at 37 °C for 30 min in a water bath. Then, the 
absorbance was read at 593 nm, in triplicate, and the results 
were expressed in μmol Trolox/g [27].

Antibacteria Activity of Films

The antimicrobial activity of the films against nine strains 
of bacteria was tested in 96-well microplates. First, bacterial 
suspensions were prepared in BHI broth at a concentration 
of 1.5 ×  108 CFU/mL. Then, 100 µL of bacterial suspension, 
100 µL of BHI broth and a piece of film (1  cm2) were added 
to the wells of the microplates, being kept under incubation 
at 37 °C for 24 h. The negative control was performed with 
only the bacterial suspension. The films were removed and 
the optical density was measured at 600 nm, in duplicate 
[28]. The percentage of inhibition of the films was calculated 
according to Eq. (7).

where, A0 corresponds to the absorbance value of the nega-
tive control and A1 corresponds to the absorbance value of 
the samples.

Statistical Analysis

The results were analysed by one-way analysis of variance 
(ANOVA), and the means were compared by the Tukey test 
at the 5% significance level (p < 0.05) using the using the 
Statistica program 10.0.

(5)Inhibition (%) =

(

1 −
A1

A0

)

× 100

(7)Inhibition (%) =

(

1 −
A1

A0

)

× 100

Results and Discussion

Thickness of Films

The thickness of the films did not change with the addition 
of different concentrations of extract and did not differ 
from the film without extract (p > 0.05, Fig. 1A). Kumar 
et al. [14] also found that the incorporation of pomegran-
ate peel extracts did not significantly affect the thickness 
of the chitosan-based films. Hanani et al. [9] and Mogh-
adam et al. [29] obtained an increase in thickness with 
increasing concentration of pomegranate peel extract 
incorporated into fish gelatine films and bean protein films, 
respectively. The authors associated this behaviour with 
the polyphenolic compounds present in the fruit peel form-
ing interactions with the functional groups of the polymer, 
which may lead to a greater thickness.

Moisture, Solubility and Water Vapour Permeability 
of Films

The moisture of the films varied between 27.08 and 
36.30%, being higher in the CHRE-0.3% film and lower 
in the CHRE-0.07% film (p ≤ 0.05) (Fig. 1B). According 
to Catanzano et al. [30], the addition of plant extracts in 
chitosan films can result in increased moisture content 
because of the introduction of hydrophilic molecules to 
the polymeric matrix. Kumar et al. [14] also found an 
increase in the moisture content of chitosan films contain-
ing increased concentrations of pomegranate peel extract 
(from 11.23% in the control film to 15.28% in the film with 
the highest extract concentration), attributing this result 
to the interactions and changes in the hygroscopic nature 
of the chitosan matrix. However, Hanani et al. [9] did not 
obtain an increase in the moisture content of the gelatin 
films after the incorporation of pomegranate peel powder.

Solubility decreased with increasing extract concen-
tration in the films, being lower in the CHRE-0.3% film 
and higher in the CH film without the extract (p < 0.05, 
Fig. 1C). The presence of simple sugars, such as glucose 
and fructose, in the pomegranate peel promotes the for-
mation of covalent bonds, which can decrease the water 
solubility of films [31]. Also, the increase in interactions 
between the phenolic compounds of the extract with the 
polymer can result in a lower affinity of the polymeric 
matrix with water [13]. Bertolo et al. [13] and Hanani 
et al. [9] also found lower solubility of chitosan/gelatine 
films and fish gelatine films, respectively, with the addition 
of increased concentrations of pomegranate peel extract.

The WVP is an important parameter that measures 
the ease of the passage of water vapor through a film, 
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influencing the shelf life of food [32]. The WVP increased 
with the addition of increased concentrations of extract 
in the films (Fig. 1D), being higher in the CHRE-0.3% 
film (5.13 ×  10–7 g mm/s  m2 Pa), differing statistically 
(p ≤ 0.05) from the others. Researchers report that the 
presence of phenolic compounds in pomegranate peel 
results in alternative pathways and cracks in the matrix 
chemical bonds, causing a increase in WVP [14, 33]. Prob-
ably, weak molecular interactions between the matrix and 
extract also facilitate water vapor permeability [12]. Zeng 
et al. [12] and Moghadam et al. [29] also found an increase 
in WVP in chitosan films incorporated with pomegran-
ate peel powder. The authors attributed this result to the 
formation of agglomerated particles of pomegranate peel 
powder, resulting in a heterogeneous polymeric structure 
that provides greater space for water vapor to cross the 
film.

Scanning Electron Microscopy (SEM), Colour 
and Transparency Properties of Film

Visually, the films showed a uniform, homogeneous, shiny 
and brown colour (Fig. 2). According SEM the film without 
the addition of extract (CH) exhibited greater uniformity and 
a smoother surface without the presence of bubbles, with 
only small agglomerations of chitosan (Fig. 3A). However, 
the films added with extract (Fig. 3B–E) showed less homo-
geneity, with clusters of white particles on their surfaces and 
rough surface, probably due to the aggregation of insoluble 
particles to the polymeric matrix [34], which may be related 
to the hydrophilic nature of some compounds in the extract 
and the hydrophobic nature of chitosan [9, 13]. Zeng et al. 
[12] also reported that the addition of pomegranate peel 
powder in chitosan films caused changes in the structure of 
the films, such as the formation of white dots, which may be 

Fig. 1  Thickness (A), moisture (B) solubility (C) and water vapour permeability (D) of films
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related to the presence of insoluble particles. Bertolo et al. 
[13] obtained chitosan and gelatine films incorporated with 
pomegranate peel extract with a less compact structure and 
with agglomerated extract points, related to the hydrophilic 
nature of polyphenolic compounds.

The L parameter, which corresponds to brightness, var-
ied between 49.10 and 67.83 and did not differ among the 
films (p > 0.05, Table 1). The coordinates a* (redness) and 
b* (yellowing) were higher in films containing a higher 
concentration of extract (p ≤ 0.05), being attributed to the 
presence of phenolic compounds and anthocyanin pig-
ments in the extract [14]. More et al. [33], Kumar et al. 
[14] and Hanani et al. [9] also found increases in a* and 

b* values in starch-casein, chitosan and fish gelatine films, 
respectively incorporated with pomegranate peel extract.

Regarding the transparency of the films, it will be 
greater with transmittance; this means greater capacity for 
visible light to pass through the film sample [35]. Despite 
the darker coloration in the films with extract, no signifi-
cant difference was obtained between the transparency 
values (p > 0.05). Ideally, the films must have the ability 
to prevent the passage of light to the food, to prevent its 
oxidation [12]. This result meant that the incorporation of 
the extract did not change the visible light barrier property 
when compared to the film without extract.

Fig. 2  Visual appearance of films CH (A), CHRE-0.04 (B), CHRE-0.07 (C), CHRE-0.1 (D) and CHRE (E)

Fig. 3  Scanning electron microscopy (× 2000 magnification) of chitosan films: CH (A), CHRE-0.04 (B), CHRE-0.07 (C), CHRE-0.1 (D) and 
CHRE-0.3 (E)
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Thermogravimetric Analysis (TGA)

All film samples showed three stages of mass loss (Fig. 4A) 
at different temperatures, a common behaviour in chitosan 
films [36]. The first stage of decomposition, between 28.6 

and 100.1 °C, can be characterized by the loss of absorbed 
water molecules, volatile compounds and other compounds 
present in the film matrix [37–39]. The addition of 0.04 
and 0.07% extract in the films (CHRE-0.04% and CHRE-
0.07%) provided greater thermal stability since there was an 

Table 1  Colour and 
transparency of chitosan films 
incorporating pomegranate peel 
extracts

Mean ± standard deviation
a−b Different lowercase letters in the same column indicate a significant difference between treatments 
(p ≤ 0.05) by Tukey’s test

L* a* b* Transparency 
(log %T  mm−1)

CH 67.83 ± 0.16a 5.42 ± 0.03b 27.96 ± 0.16b 32.6 ± 10.32a

CHRE-0.04% 67.35 ± 0.55a 8.68 ± 1.63ab 31.48 ± 1.48ab 21.8 ± 1.88a

CHRE-0.07% 53.42 ± 11.39a 13.55 ± 0.25ab 30.56 ± 3.13b 20.15 ± 1.92a

CHRE-0.1% 51.56 ± 13.43a 14.66 ± 1.66a 33.28 ± 0.83ab 18.05 ± 1.14a

CHRE-0.3% 49.10 ± 1.40a 12.41 ± 2.51ab 41.72 ± 2.37a 18.5 ± 0.06a

Fig. 4  TGA curves (A), DSC curves (B) and FTIR spectra (C) of chitosan film without extract and chitosan films incorporating pomegranate 
fruit peel extracts
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increase in the maximum degradation temperature  (Tmax), to 
100 and 120 °C, respectively, when compared to the CH film 
(93.7 °C). This result may be due to the interaction between 
the aromatic groups and the polymeric chains, resulting in 
higher degradation temperatures and, consequently, greater 
stability [10]

However, there was a decrease in  Tmax in films with 
higher concentrations of extract, CHRE-0.1% (78.5 °C) and 
CHRE-0.3% (86.6 °C), probably due to the formation of 
spaced structures in the film by the phenolic compounds 
from extract, facilitating the dispersion of water molecules 
and the decomposition of chitosan chains [39]. Another 
hypothesis may be the transfer of polyphenolic compounds 
to sensitive-heat radicals, when exposed to heating tempera-
tures, resulting in thermal degradation of the film at lower 
temperatures [40].

The second stage of weight loss of the films occurred at 
temperatures between 78.6 and 223.9 °C, probably due to 
the degradation of the glycerol present in the formulations 
and the pyrolytic precipitation of the chitosan chain [34, 40]. 
At this stage, a reduction in Tmax was observed in the films 
with extract when compared to the CH film, also probably 
due to the presence of phenolic compounds in the extract 
that can alter the crystalline structure of chitosan [38].

The last decomposition step was observed at 202.1 to 
342.2 °C, caused by the breaking of glycosidic bonds and 
the acetylation of chitosan induced by high temperatures, 
in addition to the decomposition of the extract components 
[41–43]. At this stage, the Tmax increased as the extract 
concentration was increased in the films. This result may 
be due to the greater crystallinity of the polymeric structure 
caused by the increase in the extract concentration in the 
film, requiring higher temperatures to decompose the entire 
crystalline structure [41]. More et al. [33], Cui et al. [11] 
and Costa et al. [10] obtained increased thermal stability in 
starch-casein using from 10 to 100% of pomegranate peel 
extract, in zein film containing 10% of nanoparticles of chi-
tosan with pomegranate extract and PVA/starch/acrylic acid 
films containing 1.25% of pomegranate extract, respectively. 
In the film of this work, thermal stability was achieved with 
lower concentrations of extract (0.04 and 0.07%) than the 
ones used by these researchers.

Differential Scanning Calorimetry Analysis (DSC)

In the DSC curves, the first endothermic peak occurred 
in the range of 109 to 128 °C, which can be attributed 
to the energy required for the loss of water contained in 
the films [44] (Fig. 4B). The glass transition tempera-
ture (Tg) of the CH film was lower when compared to 
the films with extract, indicating that the addition of the 
extract increased the thermal resistance of the films. The 
second peak occurred between 254 (film without extract) 

and 264 °C (CHRE-0.3%). This meant that the addition of 
increased concentrations of extract increased the degrada-
tion temperature, that is, the thermal stability of the films 
agreed with the results obtained in the TGA.

In the third peak, the films with extract, except CHRE-
0.1, showed a higher Tg value (between 257 and 259 °C) 
than the CH film (254 °C). Films with lower extract con-
centrations (CHRE-0.04, CHRE-0.07) showed greater 
thermal stability. Probably, with the increase in extract 
concentration, there was a disruption of the dense and 
uniform structure of the films, resulting in weaker inter-
actions with chitosan and reducing thermal stability [42]. 
Kumar et al. [14], Soltanzadeh et al. [16] and Cui et al. 
[11] also found an increase in Tg values in chitosan, gela-
tine and Zein films, respectively containing pomegranate 
peel extract.

Fourier Transform Infrared Spectroscopy (FT‑IR)

Films incorporated with and without pomegranate peel 
extract did not show differences in the number of absorp-
tion bands (Fig. 4C); however, differences in the inten-
sity of the bands were observed as the extract concentra-
tion increased. These alterations may be due to hydrogen 
bonds and electrostatic interactions between chitosan and 
the compounds present in the extract [45]. Also, the vari-
ation in the intensity of the peaks may have been caused 
by changes in the functional groups of the films with the 
incorporation of increased extract concentrations [12, 35].

All films showed a broad band at 3267  cm−1 due to the 
elongation vibration of hydroxyl groups associated with 
chitosan [46, 47]. The 2927  cm−1 and 2880  cm−1 bands 
correspond to the elongation of–CH groups [48]. The 
stretching of the band around 2927  cm−1 may be related 
to the C–H stretching of methyl, methoxyl and methylene 
groups in the phenolic acids present in the extract [13]. 
The vibration in bands 1638  cm−1 and 1559  cm−1 indi-
cates the C=O stretching of amide I and N–H of amide II, 
respectively, which are characteristics of chitosan [49, 50]. 
However, the increase in peak intensity in the 1559  cm−1 
band for films with increased extract concentrations may 
be due to an increase in the number of aromatic rings [51].

The films showed a band at 1026   cm−1, which can 
be attributed to glycosidic bonds and the C–O–C group 
of the polysaccharide chain [50]. The bands presented 
in 1411   cm−1 indicate –CH2 symmetric bending [52]. 
Changes in the intensity of the 1382   cm−1 band were 
observed in films containing pomegranate peel extract 
when compared to the CH film, and this behaviour may 
be due to the presence of carboxyl groups of phenolic 
compounds [49].
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Antioxidant Activity (AA) of Films

The antioxidant activity of the films by the DPPH, ABTS 
(Fig. 5A) and FRAP (Fig. 5B) methods increased consider-
ably with the addition of the extract. The CHRE-0.3 film 
showed greater AA, statistically differing from the others 
(p ≤ 0.05), being % inhibition of 51.9 and 59.3 by DPPH 
and ABTS, and 2.2 µmol Trolox/mL by FRAP method. 
This meant increases of antioxidant activity about 10.0, 
5.2 and 36.5 times, respectively, relative to AA of the film 
without extract (% inhibition of 5.2 and 11.4 by DPPH and 
ABTS, respectively, and 0.06 µmol Trolox/mL by FRAP). 
This result is probably due to the presence of antioxidant 
compounds in the extract, such as ellagic acid, punicalagin, 
quercetin, punicalin, luteolin, kaempferol, glycosides, 
pedunculagin and hydrolysable tannins [14]. Zeng et al. [12], 
Soltanzadeh et al. [16] and Kumar et al. [14] also obtained 

an increase in the AA of chitosan films and films of gelatine 
and watercress seed gum when increased concentrations 
of pomegranate peel extract were used, demonstrating its 
potential to enhance the antioxidant effect of the films.

Antibacterial Activity of Films

The antibacterial potential of the films was evaluated against 
B. subtilis, B. cereus, E. faecalis, E. coli, P. aeruginosa, S. 
marcescens, S. Enteritidis, S. Typhimurium and S. aureus 
strains (Fig. 5C).

The CH film inhibited all bacteria tested, except for 
S. marcensces, with the greatest inhibition for B. subtilis 
(65.4%) and S. Typhimurium (63.8%). The films CHRE-
0.04% and CHRE-0.07% were more effective at inhibiting 
E. coli (30% and 51.6% inhibition, respectively), differing 
statistically from the others (p < 0.05). The CHRE-0.3% 

Fig. 5  Antioxidant activity by ABTS, DPPH (A), and FRAP methods (B), antimicrobial activity (C) of films
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film was more effective in inhibiting P. aeruginosa (21.3%) 
and CH films (37.9%), CHRE-0.07% (37.4%) and CHRE-
0.3% (33.9%) to inhibit E. faecalis, did not differ statisti-
cally between them (p < 0.05). The antimicrobial property 
of pomegranate peel extracts is related to the presence of 
hydrolysable polyphenols that act on the cell membrane of 
microorganisms [11]. In addition to chitosan, compounds 
present in pomegranate peel, such as ellagic acid, punica-
lagin and tannins, which act on sulfhydryl groups of pro-
teins, resulting in protein precipitation and cell lysis, may 
be responsible for the antimicrobial activity of the films 
[33, 53]. For most bacteria, extract films showed less inhi-
bition than CH film. A hypothesis for this result may be that 
hydroxyl groups in the extract form crosslinked structures 
with the protonated amino groups of chitosan, resulting in 
lower interaction between the polymer and the bacterial cells 
[15]. Hanani et al. [9], for example, obtained no zone of 
inhibition with fish gelatin films added with 1% pomegranate 
peel powder against S. aureus, L. monocytogenes and E. coli.

Conclusions

In this work, chitosan films incorporated with increased con-
centrations of pomegranate peel extract showed increased 
antioxidant activity, demonstrating potential to protect foods 
from oxidative damage. On the other hand, the films with 
extract showed higher susceptible for the preservation of 
non-photosensitive foods, since that the transparency was 
not changed by adding the extracts. The films with lowest 
extract concentrations (CHRE-0.04 and CHRE-0.07) were 
more thermally stable and the CHRE-0.07 was the highlight 
as greater inhibition of E. coli, a common foodborne bac-
terium. Also the films with lower concentrations of extract 
showed lower WVP, being more suitable for food preserva-
tion. In fact the films containing pomegranate peel extract 
showed potential of application however, studies are needed 
to evaluate their performance in food preservation.
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