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Abstract: Edible films based on the addition of Aloe Vera gel (AV) into fish gelatin (FG) with
antimicrobial and functional properties for food packaging applications were proposed in this work.
AV showed an amphiphilic nature by infrared spectroscopy, high total phenolics content (TPC),
antioxidant activity and thermal stability with an initial degradation temperature of 174 + 2 °C.
Mannose and glucose were quantified as main monosaccharides whereas the linkage composition
study confirmed the presence of acemannan as main active polysaccharide. Three different
formulations were obtained by the casting technique and the addition of AV contents of 0, 1 and 4
wt.% to FG, showing films with 4 wt.% of AV the best performance. The addition of AV did not
significantly affect mechanical and barrier properties to oxygen and water vapour. However, some
structural changes were observed by infrared spectroscopy and the obtained glass transition
temperature values due to intermolecular interactions that increased the hydrophilicity and
solubility of the resulting FG/AV films. A higher thermal stability was observed in films with AV
content increasing the initial degradation and oxidation onset temperatures. An antimicrobial
activity against S. aureus was also observed for FG/AV films. The addition of AV into FG could be
proposed as a potential effective material to increase the postharvest quality of packed fruits and
vegetables by retarding the microbial growth and extending the shelf-life of these food products.

Keywords: active packaging; edible films; antimicrobial activity; fish gelatin; Aloe Vera

1. Introduction

Fruits and vegetables are perishable food products susceptible to postharvest quality losses
during cold storage and shelf-life periods through weight loss, softening, colour changes and
microbial contamination [1,2]. According to the Food and Agricultural Organization of the United
Nations (FAO), 1300 million tons of food, about a third of what is produced, is wasted each year,
including around 45% of all fruit and vegetables [3]. This situation underlines the need to develop
new sustainable alternatives to reduce food waste by both increasing the shelf-life of food products
and also by finding sustainable routes to reutilize food by-products and waste streams. Active
packaging has emerged as a promising strategy to increase postharvest quality of fresh food products
to contribute to the circular economy concept by reducing food waste generation and avoiding the
excessive use of chemicals as additives into packaging.
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Fish gelatin (FG) has been underlined as a potential protein bio-polymer to replace non-
degradable materials due to its film-forming capacity, transparency, flexibility, biodegradability,
availability and good barrier properties to UV radiation, oxygen, carbon dioxide and volatile
compounds [4-6]. Also, the ability of FG to form intermolecular interactions due to the non-polar and
polar amino acid components linked to its amphiphilic character has allowed the development of
effective active edible films [7-9]. Within the wide range of substances used as active additives,
natural products obtained from plants are gaining attention because of consumers’ rejection to
antioxidants from synthetic origin based on potential toxicity and possible carcinogenic effects [10].
In the last decade, the antioxidant, antimicrobial, antidiabetic, hepatoprotective, anticarcinogenic and
antihyperlipidemic effects of Aloe Vera (AV) gel extract have been extensively proved for food
packaging applications [11-13]. These properties are a consequence of the high content on unique
polysaccharides (e.g., glucomannan, acemannan), phenolic compounds (flavonoids and
anthraquinones), organic acids and vitamins (B1, B2, etc.) present in AV [14,15]. Recently, AV has been
used as a functional additive in edible matrices to maintain the postharvest quality of some fruits
such as mango [16], tomato [17], strawberries [18] and blueberries [19]. Also, edible films based on
alginate and AV have demonstrated the potential of this additive to form homogeneous films with
good transparency to be used in different fields [20].

Up to now, the potential addition of AV into fish gelatin matrices has not been widely explored.
Sui Chin et al. [21] proved the antioxidant properties of fish gelatin films added with Aloe Vera gel
without affecting the colour, thickness and surface microstructure of the developed films. Radi et al.
[22] proved that gelatin-based coatings incorporated with Aloe Vera and green tea extracts
successfully retarded the microbial growth and extended the shelf-life of fresh-cut oranges during
cold storage. However, further studies are required to determine the potential antimicrobial
properties of FG-based films incorporating AV to prevent the proliferation of pathogenic bacteria in
food products; as well as to evaluate the effect of AV addition on the FG structure to explore the
potential application of FG/AV edible films. Thus, the purposes of this work include: (a) the
characterization of AV in terms of polysaccharide composition, structural, antioxidant and thermal
properties; (b) the successful development and full physicochemical and functional characterization
of FG-based edible films added with different contents of Aloe Vera gel (0, 1 and 4 wt.%); (c) the
study of the antimicrobial capacity of the developed active films for food packaging applications.

2. Materials and Methods

2.1. Materials

Cold water fish skin gelatin (G2963A) for food applications was obtained from Lapi Gelatin
(Empoli, Italy) containing 85-90 wt.% protein, 11 wt.% of moisture, 1-2 wt.% mineral salts and less
than 1 wt.% lipids, without the presence of preservatives or other additives. According to the supplier
specifications, the Bloom gel strength ranges from 230 to 270 g with an amino acid (AA) composition
of 23.7 wt.% glycine, 12.6 wt.% proline, 12.3 wt.% hydroxyproline and 12.1 wt.% arginine as major
components, followed by 6.0 wt.% alanine, 4.9 wt.% glutamic acid, 4.1 wt.% serine, 3.7 wt.%
threonine, 3.3 wt.% lysine, 3.1 wt.% phenylalanine, 2.8 wt.% leucine, 2.5 wt.% methionine, 2.4 wt.%
aspartic acid and 2.0 wt.% valine, among other minor AAs. Glycerol (analytical grade) was obtained
from Panreac (Barcelona, Spain) and it was used as plasticiser. Aloe Vera leaves (Aloe barbadensis
Miller) with 70-90 cm on average height and 8 cm thickness were kindly supplied by Aloe Vera Las
Coronas (Carmona, Spain). AV leaves were washed with cold distilled water to clean the surface and
dried during 12 h at room temperature before further treatment.

2.2. Preparation of Aloe Vera Inner Gel

For AV gel extraction, a conventional industrial protocol was followed [23,24]. In brief, 2.5 cm
of the white part of the leaf base, 5-10 cm of the leaf top and the sharp spines along the margins were
removed by using a knife. Then, the pulp was manually separated from the inner fillet. This pulp
was subjected to a grinding process in a mill. Samples were prepared by using the Thermomix TM5
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(Vorwerk, Thermomix, Madrid, Spain) food processor during 5 s under stirring at 10.000 rpm to
obtain the inner gel juice. The grinding process was repeated twice in a discontinuous process in
order to avoid heating the gel. Then, it was further centrifuged at 5000 rpm for 30 min to remove the
suspended solids. Finally, the colourless supernatant was filtrated under vacuum, freeze-dried
(Alpha LDplus Entry Freeze Dryer Package, Chatswood, Australia) and stored at —4 °C. The obtained
AV dry extract was used as active additive throughout this study.

2.3. Preparation of Edible Films

Edible films were prepared by the casting technique. Firstly, AV was diluted in 20 mL of distilled
water at room temperature under magnetic stirring (100 rpm) for 10 min. Then, FG (8 wt.%) was
dispersed in the AV/water solution at 35 +2 °C and 100 rpm for 20 min. Glycerol (25 wt.%) was further
added and dispersed for 10 min under the same conditions. To avoid the presence of bubbles, film
forming dispersions were sonicated for 30 min and finally dried in Petri dishes at 50% relative
humidity (RH) and 23 + 1 °C in a climate chamber (Dycometal, Barcelona, Spain) for 48 h. Three
different formulations were obtained by adding different AV contents to FG (0, 1 and 4 wt.%). The
obtained edible films were named as FG (control), FG/AV1 and FG/AV4; where the number
corresponds to the added AV content (1 and 4 wt.%, respectively).

2.4. Characterization of Aloe Vera Inner Gel

2.4.1. Carbohydrate Composition Study

The sugar composition of AV extracts was determined after performing trifluoroacetic acid
(TFA) and sulfuric hydrolysis, respectively. For TFA hydrolysis, freeze-dried samples (1 mg) were
incubated with 1 mL of 2 mol L TFA for 3 h at 120 °C. Samples were then dried under a stream of
air and redissolved in water. Sulfuric hydrolysis was performed by adding 250 pL of 72 wt.% sulfuric
acid to approx. 4 mg of sample and incubating the mixture at room temperature for 3 h. Then,
deionized water was added to dilute the solution to approx. 1.2-1.3 mol L sulphuric acid and the
tubes were further incubated at 100 °C for 3 h. The monosaccharides were analysed using high
performance anion exchange chromatography with pulsed amperometric detection (HPAEC-PAD)
with an ICS-3000 system (Dionex) equipped with a CarboPac PA1 column (4 x 250 mm, Dionex).
Inositol was added to all samples as an internal standard prior to hydrolysis. For glycosidic linkage
analysis, freeze-dried samples (5 mg) were carboxyl reduced to label the uronic acids present in the
fractions and transformed them into partially methylated alditol acetates (PMAAs), as it was
previously described [25]. PMAAs were separated and analysed by gas chromatography (HP-6890,
Agilent Technologies, Palo Alto, CA, USA) coupled to an electron-impact mass spectrometer (HP-
5973, Agilent Technologies) on a SP-2380 capillary column (30 m x 0.25 mm i.d.; Sigma-Aldrich,
Madrid, Spain) with a temperature program increasing from 160 °C to 210 °C at a heating rate of 1 °C
min'. The mass spectra of the fragments obtained from the PMAAs were compared with those of
reference polysaccharide derivatives and with available literature data [26]. Quantification was based
on the effective carbon response of each compound. All sugar composition and linkage analysis
experiments were carried out in triplicate.

2.4.2. Structural Characterization by ATR-FTIR

AV (2.00 + 0.01 mg) was directly placed on a Golden Gate single reflection diamond ATR
accessory (incident angle of 45°) to study the structural composition of the active additive by using a
Bruker Analitik IFS 66 FTIR spectrometer (Ettlingen, Germany) equipped with a DTGS KBr detector.
Absorbances were recorded from 4000-500 cm™, using 64 scans and 4 cm™ resolution. Spectra were
corrected against the background spectrum of air. Three replicates were obtained for each sample.
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2.4.3. Thermal Characterization

The thermal stability of AV (7.0 + 0.1 mg) was analysed in a TGA/SDTA 851 Mettler Toledo
(Schwarzenbach, Switzerland) thermal analyser from 25 to 800 °C at 5 °C min! under N2 atmosphere
(50 mL min). Thermal properties of AV were determined using a differential scanning calorimeter
(DSC, TA DSC Q-2000 instrument, New Castle, DE, USA) according to Pereira et al. [20]. Analyses
were performed in triplicate.

2.4.4. Total Phenolic Content

The polysaccharides present in AV were precipitated, as described by Lucini et al. [27] prior to
analysis, in order to avoid interferences during the quantification of the total phenolic content (TPC)
and the determination of the antioxidant activity. The dried supernatant (6.7 wt.% yield from AV,
from now on AVR) was re-suspended in 80% ethanol (v/v) to a final concentration of 255 mg mL",
immediately before analysis. TPC of AVR was determined at 685 nm using a Biomate-3 UV/VIS
spectrophotometer (Thermospectronic, Mobile, AL, USA) as it was described by Ramful et al. [28].
Gallic acid was used as the reference standard and results were expressed as mg of gallic acid
equivalents (GAE) per gram of dried AV. The linear range of the calibration curve was 42-200 mg
kg1 of gallic acid with an acceptable linearity (R?=0.9998). Analyses were performed in triplicate.

2.4.5. Antioxidant Activity by DPPH, ABTS and FRAP Methods

The antioxidant activity of AVR was determined by using three complementary
spectrophotometric methods with a Biomate-3 UV/VIS spectrophotometer (Thermospectronic,
Mobile, AL, USA), in triplicate. The ability of AVR to scavenge the stable free radical DPPHe was
measured at 517 nm according to Saini and Saini [29]. Results were expressed as the concentration of
substrate (mg extract mL) that caused 50% loss of the DPPH activity (ICso). The linear range of the
calibration curve was 0.72-1.33 mg g! of DPPHe with an acceptable linearity (R? = 0.9992). ABTS*
radical scavenging activity was determined at 734 nm according to the protocol-decolorization assay
in ethanolic solution described by Re et al. [30]. Gallic acid (2-11 mg kg) was used as standard with
an acceptable linearity (R? = 0.9991). Results were expressed as ug GAE per gram of dried extract.
Finally, the capacity of AVR to reduce ferric ions was assessed by the FRAP method according to
Ramful et al. [28]. The absorbance was read at 593 nm after 30 min incubation at 37 °C. A calibration
curve of gallic acid (2-11 mg kg') with good linearity (R?=0.9995) was used. Results were expressed
as ug GAE per gram of dried extract.

2.5. Characterization of Edible Films

A complete optical, morphological, structural, thermal and mechanical characterization of the
obtained edible films was performed in this work. Also, the barrier properties and antimicrobial
capacity of the films were studied. All samples were conditioned for 48 h at 50% RH and 23 °C, before
analyses.

2.5.1. Thickness, Light Transmittance and Transparency Values

The thickness of films was measured, in triplicate, with a precision of 0.001 mm. Each film
sample was measured at five random positions by using a 293 MDC-Lite Digimatic Micrometer
(Mitutoyo, Japan).

Absorbance values obtained at ultraviolet (280 nm) and visible (600 nm) radiations using a UV-
Vis spectrophotometer (Spectronic BioMate 3, Thermo Electron Corporation, Warwickshire, UK)
were used to calculate the transparency values, as it was described by Guerrero et al. [31]. The
transparency of the films (%) was calculated as A/L x 100, where A is the absorbance at 280 or 600 nm
and L is the film thickness (mm). Three specimens were tested for each composition.
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2.5.2. Morphological Characterization

Scanning electron microscopy (SEM) was used to analyse the surface morphology of films (1 x 1
cm?) by using a JEOL JSM-840 equipment (Peabody, MA, USA) under an acceleration voltage of 15
kV. Samples were previously coated with gold by using a sputter coater (SCD 004 Balzers, Bal Tec.
AG, Furstentum, Lichtenstein).

2.5.3. Structural Characterization

The film samples structure (1 x 1 cm?) was studied by ATR-FTIR as it was described in Section
2.4.2. Three replicates were obtained for each sample.

2.5.4. Thermal Characterization

Thermal properties of films were analysed using the same instrumentation as in Section 2.4.3. In
the case of TGA, samples (7.0 + 0.1 mg) were heated from 25 to 700 °C at 10 °C min™ under N2 flow.
The initial degradation temperature, Tini (°C), and the temperature of maximum degradation, Tmax
(°C), were determined according to Valdés et al. [32]. For DSC, samples (4.0 = 0.1 mg) were placed
into aluminum pans, sealed and subjected to one heating run (-90 °C to 150 °C) [33,34] at 10 °C min™
under N2 atmosphere (50 mL min). All analyses were performed in triplicate.

The oxidative stability of the tested AV/FG films was evaluated by means of the oxidation onset
temperature (OOT) determined by DSC [35]. Samples (8.0 + 0.1 mg) were heated from 30 °C to 235
°C at 10 °C min under oxygen atmosphere (gas flow 50 mL min). The OOT value corresponds to
the onset temperature of the exotherm observed in the temperature scanning experiment.

2.5.5. Mechanical Properties

Three tensile parameters were obtained from the stress-strain curves following the ISO D82-12
standard (D882-09). Five replicates were performed at ambient temperature using a 3340 Series Single
Column System Instron Instrument, LR30K model (Fareham Hants, UK) equipped with a 100 kN
load cell with an initial grip separation of 50 mm and a crosshead speed of 2 mm min-'.

2.5.6. Barrier Properties

Water vapour permeability (WVP) was determined by using the Desiccant Method (CaCl2) in a
climate chamber (Dycometal, Barcelona, Spain). Oxygen transmission rate (OTR) tests were carried
out with an oxygen permeation analyser (8500 model Systech Instruments, Metrotec S.A, Lezo, Spain)
according to Valdés et al. [32]. The solubility of films was determined, in triplicate, as it was
previously detailed by Hosseini et al. [33].

2.5.7. Antimicrobial Activity

The agar diffusion method was conducted to assess the antimicrobial activity of the obtained
films [36]. S. aureus and S. enterica, were used as Gram positive and Gram negative, respectively,
common bacterial strains related to spoilage in refrigerated foods. 0.1 mL of inoculum with
approximately 10° CFU mL" of the tested bacteria was spread onto Muller Hinton agar plates. The
diameter of the inhibition zone (mm) around the film disc (1 x 1 cm?) was measured after 24 h of
incubation at 37 °C. FG was used as control. Triplicates were performed per each sample.

2.6. Statistical Analysis

SPSS commercial software (Version 15.0, Chicago, IL, USA) was used for statistical analysis of
experimental data. A one-way analysis of variance (ANOVA) and Tukey’s test with a p < 0.05
significance level were applied.
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3. Results and Discussion
3.1. Characterization of Aloe Vera Inner Gel

3.1.1. Carbohydrate and Polysaccharide Analysis

The sugar composition of AV, determined after a two-step sulphuric hydrolysis and TFA
hydrolysis, is presented in Figure S1. The lack of major differences between both hydrolysis methods
suggests the absence of crystalline cellulose in AV, as TFA hydrolysis would not be able to digest it
[37]. Mannose (Man) and glucose (Glc) add to about 95% of all the carbohydrate content, with the
rest being mainly minor amounts of galactose (Gal), arabinose (Ara) and xylose (Xyl) (Figure S1). The
main carbohydrate units, glucose and mannose, can either form part of the bioactive acemannan
polysaccharide, or may be free glucose, also present in AV at relatively high amounts [38]. The
complete carbohydrate linkage analysis (Table 1) does not take into account monomeric sugar units,
so a simple subtraction of the glucose obtained by both methods contributes to estimate the
acemannan (83 wt.%) and free glucose (12 wt.%) contents.

Table 1. Carbohydrate linkage analysis of AV (mean * SD, n = 3).

Linkage Relative Abundance (%mol)
t-Araf 0.50 +0.08
5-Araf 0.09 +0.03

Total Ara 0.59 + 0.12
t-Xylp 0.09 £ 0.01
2-Xylp/4-Xylp * 1.01+0.15
2,4-Xylp 0.17 £0.05
Total Xyl 1.26 +0.22
t-Glep 1.00 £ 0.24
2-Glep 0.23 £0.08
3-Glep 0.13 £0.02
4-Glcp 10.80 + 0.50
4,6-Glep 0.29 £0.03
Total Glc 12.45 + 0.87
t-Manp 0.64+0.10
2-Manp 0.20 £0.02

4-Manp 82.16 £ 0.90

3,4-Manp 0.08 £ 0.03

2,4-Manp 0.20 £0.09

4,6-Manp 0.28 £0.05
Total Man 83.56 +1.17
t-Galp 0.47 £ 0.08
3-Galp 0.75+0.12
6-Galp 0.26 £ 0.03
3,6-Galp 1.06 £ 0.34
Total Gal 2.54 +0.58
t-GalpA 0.03+0.01
4-GalpA 0.26 £0.15
Total GalA 0.29 + 0.60
t-GlcpA 0.01 £0.01
4-GlepA 0.02 £0.01
Total GlcA 0.03 + 0.02

Ara (Arabinose), Xyl (Xylose), Glc (Glucose), Man (Mannose), Gal (Galactose), GalA (Galacturonic
acid) and GlcA (Glucuronic acid). Only traces of Fucose and no detectable Rhamnose were present in
the samples. * Peaks co-elute.
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The carbohydrate composition of AV evinces that no extraction or purification steps are actually
necessary to obtain a gel with a specific and relatively high level of purity in the bioactive
polysaccharide. The linkage analysis data confirmed that the polymer is a linear (3-1—4 linked
glucomannan. The low glucose to mannose ratio of this polysaccharide (1:7) and partial acetylation
of either the C-2 and C-3 or C-6 positions, prompted the coined name “acemannan” [39]. The polymer
is considered to be linear, because of a very minor degree of galactosyl substitutions at C-6 (only
0.3%mol of 4,6-Manp and 0.3%mol of 4,6-Glcp; Table 1) [38,40,41].

The purity of the polysaccharide fraction is again patent in the linkage analysis, with hints to the
minor presence of xylan and arabinogalactan. The overall linkage composition of AV matches with
previous reported results [42], except for a slight variation in the pectin content. In this sense, the
pectin in AV has been ascribed to the cell wall content, which is obviously variable depending on
seasonal changes, irrigation or geographic location [43,44].

3.1.2. Structural Study by ATR-FTIR

The FTIR analysis of AV revealed the polar nature of the gel as four main functional groups (OH,
CO, CHs and COQ) were predominant in the AV spectrum (Figure 1). The wide band observed in the
range of 3000-3676 cm™ was related to the stretching vibration of phenolic hydroxyl groups such as
flavonoids and anthraquinones, among others [15,45,46]. The band observed approximately at 2920
cm™! is characteristic of aliphatic groups (-CHz and —CHs) whereas the C=O stretching vibrations of
carbonyl groups of polysaccharides and gelatin matrix appeared at 1742 cm™! [46]. The band observed
near 1560 cm™ could be related to the N-H bending of the amide II fraction [46]. Other predominant
functional groups were the asymmetric COO (band at 1520 cm™), symmetric COO (band at 1470
cm™), CHs stretching vibrations (band at 1432 cm™) and C—-O-C stretches of acetyl groups of esters
and phenols (band at 1227 cm™) [47]. Regarding the bands related to the presence of polysaccharides,
an intense band in the range of 1151-1062 cm™ was associated with the presence of galactose and
glucan units [48]; whereas peaks at 812 cm™ and 746 cm™! reflect the characteristic signals of glucose
and mannose, respectively [49]. Finally, the absorption peaks around 605 cm™ might be due to C-H
bending indicating the presence of polymerized compounds in the AV gel [15].

100

95

90 3000-3676

812 1062 1560

Transmittance (%)

80
1520

1470
75 605

70
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)

Figure 1. Average ATR-FTIR spectrum of freeze-dried AV extract.

3.1.3. Thermal Characterization

The calorimetric curve obtained for AV showed three endothermic peaks at 68 =3 °C, 170 +2 °C
and 223 + 4 °C related to water loss from the polymer hydrophilic groups, polymer depolymerisation
and degradation reactions, respectively (Figure 52) [20]. Four main thermal degradation stages were
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observed by TGA (Figure S3). Firstly, some volatiles from organic acids and residual water were
released from the sample at 104 + 8 °C. Then, the maximum thermal degradation temperature took
place at 252 + 11 °C followed by two additional degradation phases at 445 + 3 °C and 658 + 8 °C
attributed to the depolymerisation, degradation and carbonization of the AV polysaccharides,
respectively [46]. The obtained thermal decomposition profile can be assigned to the presence of
acemannan in the gel, which is in accordance with the high purity of the active polysaccharide found
in Section 3.1.1 [50]. On the other hand, the Tini value of AV was 174 + 2 °C, indicating that AV might
be thermally stable for casting or coating applications as well as to be processed within a polymer
blend at relatively mild conditions. A final residual weight of 20 + 2% was obtained at 800 °C which
is in agreement with the ash content reported for acemannan [50].

3.1.4. TPC and Antioxidant Activity

The TPC value found for AVR was 201.053 + 0.002 mg GAE g sample (dry weight) whereas an
ICs0 value of 0.726 + 0.009 mg extract mL-" was obtained by the DPPH method. These results are in
accordance with reported literature for the same Aloe Vera gel variety [27]. The obtained high TPC
and low ICso values could be related to the presence of phenolic compounds in AVR, mainly
chlorogenic acid and caffeic acid, which possess redox properties and a high capacity in reducing free
radicals. Moreover, the presence of many other antioxidants in AV has been demonstrated, including
ascorbic acid, a-tocopherol and carotenoids, among others [13,14]. This fact also explains the high
values obtained by the FRAP and ABTS methods (35.16 + 0.04 ug GAE and 25.4 + 0.1 ug GAE per
gram of dried extract, respectively) underlining the potential of AV as an antioxidant additive and
the scavenging of free radicals as an important mechanism of protection in Aloe gel [21,27,29].

3.2. Characterization of Edible Films

3.2.1. Visual Appearance, Thickness and Transparency

The visual appearance of the obtained films is shown in Figure 2. In general, all films showed a
high visual transparency and homogeneity, which are desirable properties for food packaging
applications. However, a slight yellowish coloration was observed at high AV loadings (FG/AV4)
[20]. No significant differences were obtained regarding thickness values for FG (104 + 9 um), FG/AV1
(110 £ 20 pum) and FG/AV4 (110 £ 10 pm) suggesting that AV addition did not substantially affect the
film formation process [21]. However, the addition of AV to FG induced some changes in films
transparency. Indeed, transparency values of films to ultraviolet radiation (280 nm/mm) increased
from 67 + 3 for FG to 74 + 2 for FG/AV1 and 101 + 3 for FG/AV4, whereas transparency values to
visible radiation (%) also increased with AV content from 37 + 2 for FG to 42 + 2 for FG/AV1 and 60 +
2 for FG/AV4. This effect could be related to the crosslinking of polysaccharides and antioxidants
present in AV with FG proteins or glycerol (plasticizer) in the film forming process [51]. In general
terms, the neat visual appearance and high transparency of the studied edible films were adequate
for food packaging applications in all cases, since the addition of AV to form FG/AV1 and FG/AV4
does not affect in the visual appareance of the packed product.

—
7 ol “’\‘hl A

Figure 2. Visual appearance of FG, FG/AV1 and FG/AV4 edible films.
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3.2.2. Morphological Characterization by SEM

Figure 3 shows the surface micrographs obtained for each edible film. FG showed a smooth and
continuous surface whereas a slightly rougher surface was observed in FG/AV films as AV content
increased. Similar results were observed for alginate films added with Aloe Vera gel extract [20].
According to different authors, roughness could be related to chemical interactions through the
formation of covalent and non-covalent bonds between gelatin, glycerol and AV [33]. Nevertheless,
no component segregation or visual discontinuities were observed on the surface of FG/AV films
with the addition of AV, which is a positive result for potential packaging applications.

[roavi

X2,000 10pm

X2,000 10pm X2,000 10pm
Figure 3. Surface micrographs obtained for FG, FG/AV1 and FG/AV4 edible films by SEM (2000x).

3.2.3. Structural Characterization by ATR-FTIR

Figure 4 shows the averaged ATR-FTIR spectra obtained for all edible films. Six characteristic
bands related to FG matrix were observed. A broad absorption band around 3280 cm™ was correlated
to the stretching vibration of hydroxyl groups (O-H) whereas the intense peak observed around 2931
cm! was attributed to the stretching vibrations of aliphatic C-H in CHs groups [33]. The bands at
approximately 1629, 1545, and 1235 cm™ were assigned to the amide-I (C=O stretching/hydrogen
bonding coupled with COO), amide-II (N-H bending vibration of N-H groups and stretching
vibrations of C-N groups) and amide-III (C-N and N-H stretching groups of bound amide or

vibrations of CH: groups of glycine), respectively [5,6]. The peak at approximately 1033 cm™ was
assigned to the C-O stretching of glycerol, used as plasticizer [33].

—— ,...AJA“\" “Ih‘_’

e
’ M
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gl /S oY o Ny T FG/AV4

&
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500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm)

Figure 4. Average ATR-FTIR spectra obtained for FG, FG/AV1 and FG/AV4 edible films.
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Some small differences were observed among ATR-FTIR spectra of the studied formulations
which occurred only in limited wavelength regions. In these cases, statistical methods allow the
extraction of analytical information from the full spectra. Table 2 shows the maximum wavenumber
and transmittance values of some specific bands observed in the spectra for all samples. Generally,
as AV content increased, lower transmittance values were obtained for all bands. According to the
manufacturer specifications, the FG used in this work is composed of different amino acids with
hydrophobic (glycine, proline, alanine, phenylalanine, leucine, methionine and valine), hydrophilic
(hydroxyproline, serine and threonine), positively charged (arginine and lysine) and negatively
charged (glutamic acid and aspartic acid) nature. Thus, interactions between FG and AV through
hydrogen bonding and Van der Waals forces between amino acids (free -OH group, -COOH end
groups and -NHb>), polysaccharides, antioxidants and glycerol (plasticizer) might likely occur with a
decrease on transmittance values [8,33]. In this line, some authors have observed a broadening effect
in OH and NH bands with the addition of chitosan to a gelatin matrix suggesting hydrogen bonding
interactions, which were related to a good incorporation of AV into the polymer matrix [52]. Also,
Hosseini et al. [33] reported an increase in some characteristic bands of biocomposite films based on
fish gelatin and chitosan with the addition of Origanum vulgare L. essential oil to the polymer matrix,
and this effect was presumably attributed to the interactions established between the polymer matrix
and the essential oil.

Table 2. FTIR parameters obtained for FG and FG/AV edible films (mean + SD, n = 3).

Wavenumber (cm™) Transmittance (%)
FG FG/AV1 FG/AV4 FG FG/AV1 FG/AV4
3281 +12a 3273+9a 3283 +1a 79+11a 78192 55+2¢b
2932 +2a 2932+1a 2932+12 88+7a 86+5ab 73+1P
1630+1a 1629+1a 1631+1a 67+17a 62+142> 31+20b
1546+ 12 1542+52 1545+12 70+152 66+122 36+2b
1237 +1a 1236+12 1237+12 76+122 72+102> 49+1%b
1034+1a 1033+1a 1034+1a 72+15a 67+112> 41+1%b
894 +7a 898 +3a 913+2P 92+1a 78+2%b 71+£1c¢
817+62  829+2P 835+4» 90+22 77+1P 72+1c¢
Different superscripts within the same line for each FTIR parameter indicate statistically significant
different values (p < 0.05).

Finally, as AV content increased, a significant shift (p < 0.05) to higher wavenumbers values in
bands assigned to the presence of glucose and mannose monosaccharides was observed among
samples, resulting in values of 894 + 7 cm™ and 817 + 6 cm™! for FG to 913 + 2 cm™ and 835 + 4 cm™!
for FG/AV4, respectively. These shifts could be correlated to conformational changes on the polymer
matrix with AV addition and a good molecular affinity between FG and AV [20,33].

3.2.4. Thermal Characterization

Figure 5 shows the DSC curves obtained for all edible films. One endothermic peak was
observed in all films which was related to the disruption of the crystalline or ordered phase due to
changes from the initial stabilized native structure of the fish protein to a denatured state as a
consequence of heating [5]. Also, glass transition temperatures (Tg) ranging from 16 to 40 °C were
observed. Tg is normally correlated to the segmental motion of polymer molecules in the amorphous
phase. As it can be seen in Table 2, FG showed a denaturation temperature (Td) and enthalpy (AHa)
of 80+4 °Cand 26 2] g, respectively, and a Tg around 22 + 6 °C. In general, as AV content increased,
the thermal parameters related to the denaturation process tend to decrease whereas Ts values
increased due to the disruption of the FG structure with partial destabilization of the intramolecular
hydrogen bonds inside the protein matrix and the formation of intermolecular bonds with certain
crosslinking between proteins, polysaccharides and antioxidant compounds [5,33,46]. Some authors
have suggested the formation of hydrogen bonds between hydrophilic AV compounds and the
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hydrophilic gelatin matrix, as well as the crosslinking between the gelatin molecules and phenolic
compounds present in AV. Also, hydrophobic interactions could be achieved between the
hydrophobic groups of polyphenols and the hydrophobic region of FG [34]. A similar behaviour was
observed in tilapia skin gelatin-based films added with 0.05% of an ethanolic coconut husk extract
showing a Tg value of 54 °C in contrast to 47 °C for the control film without the extract. In this case,
the authors stated that interactions between the gelatin molecules and the phenolic compounds
present in the extract were responsible for increasing the Tg values [34].

FG

FG/AV1
_'m
z
-
= FG/AV4
B
s

-60 -20 20 60 100

Exo up Temperature ('C)

Figure 5. DSC thermograms obtained for FG and FG/AV edible films.

DTG curves of FG and FG/AV films are shown in Figure 6. The maximum degradation
temperatures of the three observed degradation steps (Tmax), volatiles loss (%) and residual weight at
700 °C of all films are shown in Table 3. A first stage weight loss (8-9%) was observed at a maximum
degradation temperature ranging from 81 to 85 °C, which was associated to the loss of volatiles as
well as free and bound water adsorbed in the film [9,53]. The second stage weight loss appeared at a
maximum degradation temperature (Tmax2) ranging from 259 to 263 °C. This transition was correlated
to the degradation or decomposition of low molecular weight protein fractions and glycerol present
in the film matrix [6]. A final third stage of weight loss was observed for all films at a maximum
degradation temperature (Tmax3) between 328-330 °C which was possibly caused by the loss or
decomposition of larger-size or highly interacted proteins and high temperature stable components
present in the film matrix [54]. A non-volatile residual material was found at 700 °C (residual weight)
with values between 15-21%. According to the TGA results obtained for the studied films it could be
concluded that the addition of AV to the FG matrix at the studied concentrations (1 and 4 wt.%) did
not significantly affect the thermal stability of the obtained FG/AV edible films (Table 3) [5,6]. These
results also suggested that the AV addition did not reduce the heat resistance of the gelatin-based

films [53].

Table 3. Thermal properties obtained for edible films by DSC and TGA (mean + SD, n = 3).

Thermal Parameter FG FG/AV1 FG/AV4
AHa (J g™) 26+22  27+4a 15+4P
DSC parameter Ta (°C) 80+4a 83+1a 71+5a
Ts (°C) 22+62  34+5°P 38+2°b
Volatiles loss (%) 8+12 9+1a 9+22
Tmax1 (°C) 81+2a 85+1- 83+32
TGA parameter Tmax2 (°C) 259+12 259+22 263+52
Tmax3 (°C) 330+32 329+2a 328+2a

Residual weight (700 °C, %) 1562 21+1a 21+1a
Different superscripts within the same raw and thermal parameter indicate statistically significant
different values (p < 0.05).
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Figure 6. Derivative thermogravimetric (DTG) curves obtained for FG and FG/AV edible films.

The obtained FG/AV films improved their thermo-oxidative resistance compared to the control
FG film according to the obtained OOT and Tin values. These parameters increased with AV content
with values of 216 + 2 °C and 223 + 6 °C for FG, 221 +1 °C and 230 + 2 °C for FG/AV1 and 228 + 1 °C
and 237 + 4 °C for FG/AV4, respectively. This behaviour was associated with the antioxidant effect
induced by the presence of bioactive compounds, such as polyphenols, quinones and
polysaccharides, in AV, in agreement with the TPC and antioxidant activity results obtained in this
work [11,12,19,21]. Some authors have also reported a slight increase in the degradation temperature
of alginate-based blends with the addition of Aloe Vera due to the formation of polymer-polymer
interactions [20]. The OOT and Tini results obtained might also support the T; values obtained by DSC
as well as the statistical differences found by FTIR, suggesting a good incorporation of AV into the
FG matrix.

3.2.5. Mechanical and Barrier Properties

Table 4 summarizes the results obtained for mechanical and barrier properties in all edible films.
The hydrophilic character of AV significantly increased (p < 0.05) the solubility of the developed films,
as expected [26,46].

Table 4. Mechanical (1 = 5) and barrier properties (1 = 3) obtained for FG and FG/AV edible films

(mean * SD).
Property FG FG/AV1 FG/AV4
Elastic modulus (MPa) 1150 +130* 11002002 1400+ 300 @
Elongation at break (%) 9+32 6+32 8§+32
Tensile strength (MPa) 36+22 40+102 38+82
OTR.e (cm® mm m2 day) 041+0.082 045+0.03* 0.45+0.082
WVP x 10" (kgm Pa's'm?) 42+122 40+04° 48+0.62
Solubility (%) 3112 34£22 44+1°
Different superscripts within the same line and parameter indicate statistically significant different
values (p < 0.05).

Fish gelatin is hydrophilic in nature, due to the presence of polar amino acids and large number
of hydroxyl groups (-OH). OTR results showed low values for all films, which are in accordance with
the reported results for fish gelatin and chitosan polymeric films by Evranos et al. [55]. Lower WVP
values for fish gelatin films than those obtained in this study were reported for tilapia skin gelatin
[9,34,53]. These differences can be due to the variation in film thicknesses, which were around 0.050
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mm in the reported work, while it was 0.104 mm in average in the present study. All films displayed
low solubility values, around 40%, similar to those reported by Jeya Shakila et al. [56] and Hosseini
et al. [33] in composite films obtained from fish gelatin and chitosan. All the prepared films
maintained their integrity after incubation in water for 24 h. This resistance to moisture is a
substantial characteristic of edible films for use in food protection where moisture is critical in the
deterioration of packaged food [33].

FG/AV4 film showed a slight but not significant increase in the elastic modulus and WVP (p >
0.05) values, suggesting that mechanical and barrier properties were not significantly affected by the
addition of AV up to 4 wt.%. This behaviour is in accordance with the results by Sui Chin, Lyn and
Hanani [21] who reported no significant effects in barrier properties, tensile strength and elongation
at break values of FG-based films after the addition of AV contents of 5 and 9 wt.%. Adequate
mechanical strength of an edible biopolymer film is necessary to protect the integrity of materials for
food packaging throughout distribution. Although the higher T; values, already discussed in Section
3.2.4, might suggest a certain degree of stiffening, this effect seems to be not enough to be reflected
in a significant change in the mechanical behaviour of the obtained FG/AV films. Thus, satisfactory
mechanical and barrier properties were still obtained since the AV contents studied in this work do
not significantly affect the naturally acceptable properties of FG, and higher concentrations might be
needed to be studied in order to achieve a reinforcement effect [34].

3.2.6. Antimicrobial Activity

Significant differences in the antimicrobial performance of FG/AV films in contact with the two
studied bacterial strains were observed. For S. aureus (Figure 7), inhibition zones of 3.0 + 0.1 cm and
3.7 £ 0.2 cm were found for FG/AV1 and FG/AV4, respectively, in contrast to the control FG film
which did not show any inhibition zone, as expected. This antibacterial activity could be attributed
to the presence of polyphenols and other antioxidants in AV with ability to produce the precipitation
of cell membrane proteins or having non-specific interactions with them [18,57,58], in agreement with
the high TPC and antioxidant activity values obtained in this work. On the other hand, the
acemannan present in AV has been reported to be also responsible for antibacterial activity [2]. In
this sense, the action of AV polysaccharides against bacterial activity has been well reported,
including the stimulation of phagocytic leucocytes and T cells as well as the induction of nitric oxide
production to destroy bacteria [13,59]. Finally, some authors have suggested that an increase in the
solubility of films could influence the release of antimicrobial components resulting in higher
releasing rates [24]. In this work, the addition of AV significantly (p < 0.05) increased the solubility of
films from 31 + 1% for FG to 44 + 1% for FG/AV4 (Table 3). Thus, it was expected that FG/AV4, with
higher TPC, antioxidant activity and solubility values, would show the highest antimicrobial effect
against S. aureus. However, no inhibition zones were observed for S. enterica in any of the studied
films which was attributed to the additional external lipopolysaccharide membrane present in this
bacterium which contributes to a higher resistance to disintegration [35]. A higher action against
gram positive bacteria compared to gram negative microorganisms was also reported in Aloe Vera
gel-based edible coatings to reduce the ripening process of sweet cherry [2]. According to some
authors, the Aloe Vera gel extract could be used as an antifungal agent to prevent postharvest fungal
diseases as it has been recently proved in papaya fruit [11,60].
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Figure 7. Antimicrobial activity of FG/AV films in contact with S. aureus bacterial strain.

4. Conclusions

The addition of Aloe Vera gel at 1 and 4 wt.% into a FG matrix was successfully performed to
obtain active edible films with antimicrobial properties against S. aureus. The linkage analysis of AV
underlined the presence of acemannan as active polysaccharide. The carbohydrate composition of
AV evidences that no extraction or purification steps are actually necessary to obtain a gel. AV also
showed high antioxidant performance according to the obtained TPC and antioxidant activity results
which directly improved the thermo-oxidative performance of the FG/AV films. The AV
incorporation did not significantly affect mechanical and barrier (OTR, WVP) properties of the
resulting films. However, some structural changes were observed by FTIR and DSC with AV addition
due to the presence of intermolecular interactions that increased the hydrophilicity and solubility of
the FG/AV films. A high visual transparency and homogeneity was observed in the developed films,
which are important and desirable properties for films intended for food packaging applications. In
conclusion, this work underlines the potential application of the developed antibacterial edible films
based on FG and AV inner gel, in particular at 4 wt.% AV concentration, to increase the postharvest
quality of packaged food, such as fruits and vegetables with low water content (nuts, potato snacks,
bean sprouts, avocado, etc.), reducing the use of synthetic additives and contributing to the circular
economy concept by reducing food wastes. Further work will be needed to evaluate the antimicrobial
properties of these films directly applied to food products as well as to study the sensorial behaviour
of the packed food to improve the functional properties of the obtained edible films. Moreover, the
addition of higher AV contents could also be studied to evaluate a possible enhancement in
antimicrobial properties against different food microorganisms and getting new applications in the
food packaging sector.

Supplementary Materials: The following files are available online at www.mdpi.com/2304-8158/9/9/1248/s1,
Figure S1: sugar composition of AV after a two-step sulphuric hydrolysis and TFA hydrolysis, Figure S2:
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Author Contributions: Conceptualization, A.V.G., M.C.G. and A.].; methodology, A.V.G., M.C.G., AM.-A. and
F.V,; investigation, A.V.G. and ].T.S,; data curation, A.V.G,, ].T.S., A M.-A_; writing—original draft preparation,
A.V.G,; writing—review and editing, A.V.G., M.C.G.,, AM.-A,, F.V. and A.J,; funding acquisition, A.V.G., E.V.,,
M.C.G. and A.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Spanish Ministry of Science, Innovation and Universities (MAT2017-
84909-C2-1-R) and Generalitat Valenciana (IDIFEDER/2018/007).

Acknowledgments: Authors would like to thank Lapi Gelatin (Empoli, Italy) and Aloe Vera Las Coronas
(Carmona, Spain) by kindly providing materials for this study.



Foods 2020, 9, 1248 15 of 18

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mukama, M.; Ambaw, A.; Opara, U.L. Advances in design and performance evaluation of fresh fruit
ventilated distribution packaging: A review. Food Packag. Shelf Life 2020, 24, 100472,
doi:10.1016/j.fps1.2020.100472.

Martinez-Romero, D.; Alburquerque, N.; Valverde, ].M.; Guillén, F.; Castillo, S.; Valero, D.; Serrano, M.
Postharvest sweet cherry quality and safety maintenance by Aloe vera treatment: A new edible coating,.
Postharvest Biol. Technol. 2006, 39, 93-100.

Food and Agriculture Organization of the United Nations (FAO). SAVE FOOD: Global Initiative on Food
Loss and Waste Reduction. 2017. Available online: http://www.fao.org/3/a-i4068e.pdf (accessed on 2
February 2020).

Sahraee, S.; Milani, ].M.; Regenstein, ].M.; Kafil, H.S. Protection of foods against oxidative deterioration
using edible films and coatings: A review. Food Biosci. 2019, 32, 100451, doi:10.1016/j.fbio.2019.100451.
Kchaou, H.; Benbettaieb, N.; Jridi, M.; Nasri, M.; Debeaufort, F. Influence of Maillard reaction and
temperature on functional, structure and bioactive properties of fish gelatin films. Food Hydrocoll. 2019, 97,
105196, doi:10.1016/j.foodhyd.2019.105196.

Moula Ali, A.M.; Prodpran, T.; Benjakul, S. Effect of squalene as a glycerol substitute on morphological and
barrier properties of golden carp (Probarbus jullieni) skin gelatin film. Food Hydrocoll. 2019, 97, 105201,
doi:10.1016/j.foodhyd.2019.105201.

Valdés, A.; Garcia-Serna, E.; Martinez-Abad, A.; Vilaplana, F.; Jimenez, A.; Garrigés, M.C. Gelatin-based
antimicrobial films incorporating pomegranate (Punica granatum L.) seed juice by-product. Molecules 2020,
25,166, d0i:10.3390/molecules25010166.

Hoque, M.S.; Benjakul, S.; Prodpran, T. Properties of film from cuttlefish (Sepia pharaonis) skin gelatin
incorporated with cinnamon, clove and star anise extracts. Food Hydrocoll. 2011, 25, 1085-1097,
doi:10.1016/j.foodhyd.2010.10.005.

Tongnuanchan, P.; Benjakul, S.; Prodpran, T. Properties and antioxidant activity of fish skin gelatin film
incorporated with citrus essential oils. Food Chem. 2012, 134, 1571-1579, d0i:10.1016/j.foodchem.2012.03.094.
Valdés, A.; Mellinas, A.C.; Ramos, M.; Burgos, N.; Jiménez, A.; Garrigds, M.C. Use of herbs, spices and their
bioactive compounds in active food packaging. RSC Adv. 2015, 5, 4032440335, doi:10.1039/C4RA17286H.
Parven, A ; Sarker, R.; Megharaj, M.; Meftaul, I. Prolonging the shelf life of Papaya (Carica papaya L.) using
Aloe vera gel at ambient temperature. Sci. Hortic. 2020, 265, 109228, doi:10.1016/j.scienta.2020.109228.
Kaveh, H.; Vatandoost, S. Possible use of organic compounds on shelf life and quality properties of peeled
pomegranate. Food Sci. Nut. 2020, 8, 636-647, doi:10.1002/fsn3.1351.

Radha, M.H.; Laxmipriya, N.P. Evaluation of biological properties and clinical effectiveness of Aloe vera:
A systematic review. |. Tradit. Complement. Med. 2015, 5, 21-26, d0i:10.1016/j.jtcme.2014.10.006.

Hes, M,; Dziedzic, K.; Gdrecka, D.; Jedrusek-Golinska, A.; Gujska, E. Aloe vera (L.) Webb.: Natural Sources
of Antioxidants— A Review. Plant Foods Hum. Nutr. 2019, 74, 255-265, d0i:10.1007/s11130-019-00747-5.
Ray, A.; Dutta Gupta, S.; Ghosh, S. Isolation and characterization of potent bioactive fraction with
antioxidant and UV absorbing activity from Aloe barbadensis Miller gel. ]. Plant Biochem. Biotechnol. 2013, 22,
483-487, d0i:10.1007/s13562-012-0178-2.

Ebrahimi, F.; Rastegar, S. Preservation of mango fruit with guar-based edible coatings enriched with
Spirulina platensis and Aloe vera extract during storage at ambient temperature. Sci. Hortic. 2020, 265,
109258, doi:10.1016/j.scienta.2020.109258.

Masood, S.; Randhawa, M.A.; Ahmad, W.; Butt, M.S.; Asghar, M.; Jabbar, S. Quality of tomatoes as
influenced by bio-chemicals and controlled atmosphere during storage. Proc. Pakistan Acad. Sci. 2019, 55,
39-48. ISSN 2518-4261 (print), ISSN 2518-427X (online).

Sogvar, O.B.; Koushesh Saba, M.; Emamifar, A. Aloe vera and ascorbic acid coatings maintain postharvest
quality and reduce microbial load of strawberry fruit. Postharvest Biol. Technol. 2016, 114, 29-35,
doi:10.1016/j.postharvbio.2015.11.019.

Vieira, ].M.; Flores-Lépez, M.L.; de Rodriguez, D.]J.; Sousa, M.C.; Vicente, A.A.; Martins, ].T. Effect of
chitosan— Aloe vera coating on postharvest quality of blueberry (Vaccinium corymbosum) fruit. Postharvest
Biol. Technol. 2016, 116, 88-97, d0i:10.1016/j.postharvbio.2016.01.011.



Foods 2020, 9, 1248 16 of 18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Pereira, R.; Tojeira, A.; Vaz, D.C.; Mendes, A.; Bartolo, P. Preparation and characterization of films based
on alginate and aloe vera. Int. J. Polym. Anal. Charact. 2011, 16, 449-464, doi:10.1080/1023666X.2011.599923.
Sui Chin, S.; Han Lyn, F.; Nur Hanani, Z.A. Effect of Aloe vera (Aloe barbadensis Miller) gel on the physical
and functional properties of fish gelatin films as active packaging. Food Packag. Shelf Life 2017, 12, 128-134,
doi:10.1016/j.fps1.2017.04.008.

Mohsen, R.; Elham, F.; Hamid-Reza, A.; Sedigheh, A. Effect of Gelatin-Based Edible Coatings Incorporated
with Aloe vera and Black and Green Tea Extracts on the Shelf Life of Fresh-Cut Oranges. |. Food Qual. 2017,
1, 9764650, doi:10.1155/2017/9764650.

Aloe Vera Las Coronas, Cérdoba, Spain. Available online:
https://www.youtube.com/watch?v=rHVjetB6xdg (accessed on 1 July 2020).

Assefa, G.Y.; Admassu, S.E. Antimicrobial Activity, Physicochemical and Mechanical Properties of Aloe
(Aloe debrana) Based Packaging Films. Br. J. Appl. Sci. Technol. 2013, 3, 1257-1275,
doi:10.9734/BJAST/2013/4201.

Pettolino, F.A.; Walsh, C.; Fincher, G.B.; Bacic, A. Determining the polysaccharide composition of plant cell
walls. Nat. Protoc. 2012, 7, 1590-1607, d0i:10.1038/nprot.2012.081.

Carpita, N.C.; Shea, E.M. Linkage Structure of Carbohydrates by Gas Chromatography—Mass Spectrometry
(GC-MS) of Partially Methylated Alditol Acetates. In Analysis of Carbohydrates by GLC and MS; Biermann,
M.G.D.C]., Ed.; CRC Press, Inc.: Boca Raton, FL, USA, 1989; pp. 157-216.

Lucini, L.; Pellizzoni, M.; Pellegrino, R.; Molinari, G.P.; Colla, G. Phytochemical constituents and in vitro
radical scavenging activity of different Aloe species. Food Chem. 2015, 170, 501-507,
doi:10.1016/j.foodchem.2014.08.034.

Ramful, D.; Tarnus, E.; Aruoma, O.I; Bourdon, E.; Bahorun, T. Polyphenol composition, vitamin C content
and antioxidant capacity of Mauritian citrus fruit pulps. Food Res. Int. 2011, 44, 2088-2099,
doi:10.1016/j.foodres.2011.03.056.

Saini, D.K.; Saini, M.R. Evaluation of radioprotective efficacy and possible mechanism of action of Aloe gel.
Environ. Toxicol. Pharmacol. 2011, 31, 427-435, doi:10.1016/j.etap.2011.02.004.

Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying
an improved ABTS radical cation decolorization assay. Free Radic. Biol. Med. 1999, 26, 1231-1237,
doi:10.1016/S0891-5849(98)00315-3.

Guerrero, P.; Nur Hanani, Z.A.; Kerry, J.P.; de la Caba, K. Characterization of soy protein-based films
prepared with acids and oils by compression. J. Food Eng. 2011, 107, 41-19,
doi:10.1016/j.jfoodeng.2011.06.003.

Valdés, A.; Ramos, M.; Sanahuja, A.; Garrigds, M.C. Characterization and degradation characteristics of
poly(e-caprolactone)-based composites reinforced with almond skin residues. Polym. Degrad. Stab. 2014,
108, 269-279, doi:10.1016/j.polymdegradstab.2014.03.011.

Hosseini, S.F.; Rezaei, M.; Zandi, M.; Farahmandghavi, F. Bio-based composite edible films containing
Origanum vulgare L. essential oil. Ind. Crop. Prod. 2015, 67, 403-413, doi:10.1016/j.indcrop.2015.01.062.
Nagarajan, M.; Benjakul, S.; Prodpran, T.; Songtipya, P. Properties and characteristics of nanocomposite
films from tilapia skin gelatin incorporated with ethanolic extract from coconut husk. J. Food Sci. Technol.
2015, 52, 7669-7682, d0i:10.1007/s13197-015-1905-1.

Tham, W.L.; Poh, B.T.; Mohd Ishak, Z.A.; Chow, W.S. Transparent poly(lactic acid)/halloysite nanotube
nanocomposites with improved oxygen barrier and antioxidant properties. . Therm. Anal. Calorim. 2016,
126, 1331-1337, d0i:10.1007/s10973-016-5834-7.

Pelissari, F.M.; Grossmann, M.V.E.; Yamashita, F.; Pineda, E.A.G. Antimicrobial, Mechanical, and Barrier
Properties of Cassava Starch—Chitosan Films Incorporated with Oregano Essential oil. ]. Agric. Food Chem.
2009, 57, 7499-7504, doi:10.1021/j£9002363.

Foyle, T.; Jennings, L.; Mulcahy, P. Compositional analysis of lignocellulosic materials: Evaluation of
methods used for sugar analysis of waste paper and straw. Bioresour. Technol. 2007, 98, 3026-3036,
doi:10.1016/j.biortech.2006.10.013.

Campestrini, L.H.; Silveira, ].L.M.; Duarte, M.E.R.; Koop, H.S.; Noseda, M.D. NMR and rheological study
of Aloe barbadensis partially acetylated glucomannan. Carbohydr. Polym. 2013, 94, 511-519,
doi:10.1016/j.carbpol.2013.01.020.



Foods 2020, 9, 1248 17 of 18

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Manna, S.; McAnalley, B.H. Determination of the position of the O-acetyl group in a f-(1 — 4)-mannan
(acemannan) from Aloe barbardensis Miller. Carbohydr. Res. 1993, 241, 317-319, doi:10.1016/0008-
6215(93)80122-U.

Chinchilla, N.; Carrera, C.; Duran, A.G.; Macias, M.; Torres, A.; Macias, F.A. Aloe barbadensis: How a
miraculous plant becomes reality. Phytochem. Rev. 2013, 12, 581-602, d0i:10.1007/s11101-013-9323-3.
Femenia, A.; Sanchez, E.S.; Simal, S.; Rossell6, C. Compositional features of polysaccharides from Aloe vera
(Aloe barbadensis Miller) plant tissues. Carbohydr. Polym. 1999, 39, 109-117, doi:10.1016/50144-8617(98)00163-
5.

Ni, Y.; Turner, D.; Yates, K.M.; Tizard, I. Isolation and characterization of structural components of Aloe
vera L. leaf pulp. Int. Immunopharmacol. 2004, 4, 1745-1755, doi:10.1016/j.intimp.2004.07.006.

Grindlay, D.; Reynolds, T. The Aloe vera phenomenon: A review of the properties and modern uses of the
leaf parenchyma gel. |. Ethnopharmacol. 1986, 16, 117-151, doi:10.1016/0378-8741(86)90085-1.

Salinas, C.; Handford, M.; Pauly, M.; Dupree, P.; Cardemil, L. Structural modifications of fructans in aloe
barbadensis miller (Aloe wvera) grown under water stress. PLoS ONE 2016, 11, e0159819,
doi:10.1371/journal.pone.0159819.

Drabczyk, A.; Kudlacik-Kramarczyk, S.; Glab, M.; Kedzierska, M.; Jaromin, A.; Mierzwinski, D.; Tyliszczak,
B. Physicochemical investigations of chitosan-based hydrogels containing Aloe Vera designed for
biomedical use. Materials 2020, 13, 3073, d0i:10.3390/ma13143073.

Jithendra, P.; Rajam, A.M.; Kalaivani, T.; Mandal, A.B.; Rose, C. Preparation and characterization of aloe
vera blended Collagen-Chitosan composite scaffold for tissue engineering applications. ACS Appl. Mater.
Interfaces 2013, 5, 7291-7298, doi:10.1021/am401637c.

Kiran, P.; Rao, P.S. Rheological and structural characterization of prepared aqueous Aloe vera dispersions.
Food Res. Int. 2014, 62, 1029-1037, doi:10.1016/j.foodres.2014.05.033.

Nejatzadeh-Barandozi, F.; Enferadi, S.T. FT-IR study of the polysaccharides isolated from the skin juice, gel
juice, and flower of Aloe vera tissues affected by fertilizer treatment. Org. Med. Chem. Lett. 2012, 2, 33,
doi:10.1186/2191-2858-2-33.

Shi, X.-D.; Nie, S.-P.; Yin, J.-Y.; Que, Z.-Q.; Zhang, L.-].; Huang, X.-J. Polysaccharide from leaf skin of Aloe
barbadensis Miller: Part I. Extraction, fractionation, physicochemical properties and structural
characterization. Food Hydrocoll. 2017, 73, 176-183, d0i:10.1016/j.foodhyd.2017.06.039.

Nema, J.; Shrivastava, S.; G Mitra, N. Physicochemical study of acemannan polysaccharide in Aloe species
under the influence of soil reaction (pH) and moisture application. Afr. . Pure Appl. Chem. 2012, 6, 132-136,
doi:10.5897/AJPAC12.004.

Alvarado-Gonzalez, ].S.; Chanona-Pérez, J.; Welti-Chanes, J.; Calderén-Dominguez, G.; Arzate-Vazquez,
I.; Pacheco-Alcald, S.U.; Garibay-Febles, V.; Gutiérrez-Lopez, G.F. Optical, microstructural, functional and
nanomechanical properties of aloe vera gel/gellan gum edible films. Rev. Mex. Ing. Quim. 2012, 11, 193-210.
Godinho, J.F.; Berti, F.V.; Miiller, D.; Rambo, C.R.; Porto, L.M. Incorporation of Aloe vera extracts into
nanocellulose during biosynthesis. Cellulose 2016, 23, 545-555, d0i:10.1016/j.etap.2011.02.004.

Nilsuwan, K.; Benjakul, S.; Prodpran, T. Influence of palm oil and glycerol on properties of fish skin gelatin-
based films. J. Food Sci. Technol. 2016, 53, 2715-2724, d0i:10.1007/s13197-016-2243-7.

Arfat, Y.A.; Ahmed, ].; Hiremath, N.; Auras, R.; Joseph, A. Thermo-mechanical, rheological, structural and
antimicrobial properties of bionanocomposite films based on fish skin gelatin and silver-copper
nanoparticles. Food Hydrocoll. 2017, 62, 191-202, doi:10.1016/j.foodhyd.2016.08.009.

Evranos, B.; Aycan, D.; Alemdar, N. Production of ciprofloxacin loaded chitosan/gelatin/bone ash wound
dressing with improved mechanical properties. Carbohydr. Polym. 2019, 222, 115007,
doi:10.1016/j.carbpol.2019.115007.

Jeya Shakila, R.; Jeevithan, E.; Varatharajakumar, A.; Jeyasekaran, G.; Sukumar, D. Comparison of the
properties of multi-composite fish gelatin films with that of mammalian gelatin films. Food Chem. 2012, 135,
2260-2267, d0i:10.1016/j.foodchem.2012.07.069.

Gullon, B.; Pintado, M.E.; Pérez-Alvarez, J.A.; Viuda-Martos, M. Assessment of polyphenolic profile and
antibacterial activity of pomegranate peel (Punica granatum) flour obtained from co-product of juice
extraction. Food Control 2016, 59, 94-98, d0i:10.1016/j.foodcont.2015.05.025.

Saritha, V.; Anilakumar, K.R.; Khanum, F. Antioxidant and antibacterial activity of Aloe vera gel extracts.
Int. J. Pharm. Biol. Arch. 2010, 1, 376-384.



Foods 2020, 9, 1248 18 of 18

59. Pugh, N.; Ross, S.A.; ElSohly, M.A.; Pasco, D.S. Characterization of aloeride, a new high-molecular-weight
polysaccharide from Aloe vera with potent immunostimulatory activity. . Agric. Food Chem. 2001, 49, 1030
1034, doi:10.1021/jf001036d.

60. Mendy, T.; Misran, A.; Mashmuf, T.; Ismall, S. Antifungal properties of Aloe vera through in vitro and in
vivo screening against postharvest pathogens of papaya fruit. Sci. Hortic. 2019, 257, 108767,
doi:10.1016/j.scienta.2019.108767.

© 2020 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CCBY) license (http://creativecommons.org/licenses/by/4.0/).



