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Abstract
In multicomponent foods having both moist and dry components (e.g., pizzas and
tacos), moisture migration between components causes undesirable texture
changes (e.g., loss of crispiness of the dry component). In this study, different
proportions of alginate (film matrix), guacamole (hydrophobic component with
sensory appeal), and glycerol (plasticizer) were combined to form edible films to
be used as a moisture barrier between moist and dry components of
multicomponent foods. Alginate was the component that most contributed to
increase the film strength and to reduce its water vapor permeability (WVP).
Guacamole, due to the presence of avocado lipids, enhanced the film
hydrophobicity, although not having decreased the WVP (as expected), since it
promoted discontinuities in the alginate structure. The film with the lowest WVP
(containing an alginate/guacamole/glycerol dry mass ratio of 25/60/15) was
inserted between nachos and tomato sauce, being able to reduce the crispiness loss
of nachos during a 50‐min storage.
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1 | INTRODUCTION

Edible films are thin layers typically formed from casting
and drying an (usually) aqueous dispersion containing a
film‐forming macromolecule, generally added with a
plasticizing agent and/or other components, depending on
the intended application. Edible films containing fruit
purees or fruit juices have been proposed in several studies
(Azeredo et al., 2016;Melo et al., 2019;Munhoz et al., 2018;
Viana et al., 2018), the fruit purees not only providing the
films with the sensory and functional properties of the
fruits, but also plasticizing effects by sugars and organic
acids. Films containing fruit purees are interesting for
applications in which their sensory properties are appeal-
ing, such as sushi wraps, pouches that melt on cooking, or
even snacks (Azeredo et al., 2022; Otoni et al., 2017).

Another interesting application for fruit‐containing
edible films is as a barrier layer between a dry and crispy
component and a humid one in multilayer foods such as
pizzas, wraps, and tacos (Azeredo et al., 2022). In times
when food delivery services are booming, especially
after the emergence of the COVID‐19 pandemics
(Oliveira et al., 2021), this kind of application is especially
important, since the time between food preparation and
consumption is longer than usual, which results in texture
changes, particularly loss of crispiness, which has been a
challenge for manufacturers, ingredient suppliers, restau-
rants, and packaging designers (Kelso, 2019).

Matrices of edible films are usually based on poly-
saccharides, whose hydrophilicity makes them poor barriers
to water. Sodium alginate, which is a copolymer composed
of 1,4‐ß‐D‐manuronic acid (M) blocks interspersed with
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1,4‐α‐L‐guluronic acid (G) blocks, isolated from brown
algae, has been used as a matrix for several edible films
and wraps with good tensile and barrier properties, some
of them containing fruit or vegetable purees, such as
kale puree‐based wraps (Oliveira et al., 2023), apple puree‐
(Kadzińska et al., 2020), and papaya puree‐based edible
films (Rangel‐Marrón et al., 2019).

The presence of lipid‐rich components may provide
those films with lower water permeability, making them
more suitable for applications that require inhibited
moisture migration between components of multilayer
foods. As an example, hydroxypropyl methyl cellulose
(HPMC)‐beeswax films were shown to significantly
reduce the moisture migration in a model cheese‐bread
system (O'Connor et al., 2018).

The objective of this study is to develop an edible
alginate‐based film containing guacamole (as a compo-
nent with sensory appeal and the hydrophobic properties
of avocado lipids) to be applied as a barrier layer to
reduce moisture migration between food layers with
different water activities.

2 | MATERIALS AND METHODS

2.1 | Guacamole

The guacamole was prepared from ripe avocados (375 g),
tomatoes (100 g), white onions (75 g), cilantro (3 g), NaCl
(4 g), pepper sauce (Tabasco®, 2 g), and Tahiti lime juice
(50 g). All components were homogenized in an indus-
trial blender (BM2 Maxi blender; Skymsen) for 5 min,
then stored at −25°C until film preparation. Its solid
content, as determined by gravimetry after drying at
105°C in a drying oven until constant weight, was 19%.

2.2 | Preparation of films

Ten films were prepared according to a simplex centroid
mixture design (previously used and explained by Freitas
et al., 2022), according to Table 1, with three components,
namely: guacamole, matrix (sodium alginate TICA‐algin
400 F, lot 41369; Tic Gums), and glycerol, in proportion
ranges defined from preliminary tests. All the film‐forming
dispersions were prepared in volumes around 400mL, and
the amounts of distilled water were calculated to assure that
all dispersions had the same solid content (35%). Alginate
and glycerol were dispersed in water and homogenized
in an Ultra‐Turrax T18 (IKA) at 24,000 rpm for 15min.
The guacamole was then added to the dispersion, which
was homogenized again in the Ultra‐Turrax for 10min.
This step was done in a beaker immersed in an ice bath (to
avoid heating the dispersion, which had caused the
guacamole to become bitter in preliminary tests). Each
dispersion was then vacuum degassed, cast onto polyester
(Mylar®)‐lined 400 × 300mm glass plates to a thickness of

2mm, and oven‐dried in an air‐circulating oven (SL102;
Solab) at 30°C for 16 h.

Crosslinking tests have been carried out by immersing
the cast films into CaCl2 solutions at different concen-
trations (0.5% and 1%) for 1 min before the drying step,
but the crosslinked films presented a wrinkled appear-
ance and extreme brittleness after drying, and that is why
the films were produced without a crosslinking step.

The films were then detached from the substrates and
cut into test samples (according to the dimensions
required for each test), whose thicknesses were measured
with an Akrom KR1250 coating thickness tester
(Akrom) to the nearest 1 μm. The test samples were then
conditioned for at least 40 h at 25°C and 50% RH in an
Ethik 420‐2TS climatic chamber (Nova Ética) before the
analyses.

2.3 | Film characterization

The solid contents of the films have been determined by
gravimetry after drying at 105°C in a drying oven until
constant weight.

The scanning electron microscopy was carried out in
a JSM‐6510 microscope (Jeol) for the film that presented
the best overall properties (especially the lowest WVP)
and also for a control alginate film with 30% glycerol (for
comparing images and structures). Film samples were
mounted on aluminium stubs using conductive carbon
tape and sputter‐coated with gold for 60 s at 40 mA with
an SCD 050 Sputter Coater (BAL‐TEC), with their film‐
air surfaces (as the films were dried) facing upward.
Other specimens were immersed in liquid nitrogen for
5 min, fractured with tweezers, and mounted on alumi-
num stubs with the fractured surface facing upward,
using conductive carbon tape, then sputter‐coated with

TABLE 1 Film formulations (component % proportions followed
by pseudocomponents in parentheses).

Film

Proportions

Guacamole (dry basis) Alginate Glycerol

1 40 (1) 45 (0) 15 (0)

2 25 (0) 60 (1) 15 (0)

3 25 (0) 45 (0) 30 (1)

4 32.5 (0.5) 52.5 (0.5) 15 (0)

5 32.5 (0.5) 45 (0) 22.5 (0.5)

6 25 (0) 52.5 (0.5) 22.5 (0.5)

7 30 (0.33) 50 (0.33) 20 (0.33)

8 35 (0.67) 47.5 (0.17) 17.5 (0.17)

9 27.5 (0.17) 55 (0.67) 17.5 (0.17)

10 27.5 (0.17) 47.5 (0.17) 25 (0.67)
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gold. The samples were examined using an accelerating
voltage of 5 kV at ×1500magnification for surfaces and
×1000 for cross‐sections.

The Fourier‐transform infrared (FTIR) spectra of the
films were recorded by using a Vertex 70 FTIR
spectrometer (Bruker) in Attenuated Total Reflectance
mode (ATR) equipped with a diamond crystal accessory,
in the 4000–500 cm−1 range, with a 4‐cm−1 resolution
over 32 scans.

The water vapor permeability (WVP) determination
was based on an ASTM method (E96/E96M‐16,
(ASTM, 2016), with eight replicates. Polytetrafluoroethy-
lene (PTFE) permeation cells (24 mm in diameter, 10 mm
in height), each containing 1.5 mL of distilled water, were
placed in an Ethik 420‐2TS climatic chamber at 25°C and
50% RH. Eight weight measurements were taken within
24–36 h. The WVP values have been calculated according
to the equation:

w L t A p pWVP = ∆ × /(∆ × × ( − )).1 2 (1)

Δw/Δt being the weight loss per time; L, the film
thickness; A, the exposed area of the film; and p1 and
p2, the partial vapor pressures of water vapor on the
inside and outside of the test film, respectively, given as
p1 = Psat × RHin and p2 = Psat × RHout. RHin and RHout

are the relative humidities of the internal and external
sides (100% and test RH respecctively) of the film, and
Psat is the saturated vapor pressure at the test tempera-
ture (25°C).

The water contact angles (WCA) were determined (in
quadruplicate) with a KSV CAM 101 Optical Contact
Angle Meter (KSV Instruments) equipped with a CCD
KSV‐5000 camera. Each measurement was taken from a
4‐μL drop of Milli‐Q water on the film surface, and
images were registered from 0 to 3 s.

The tensile strength and elongation of 125 × 12.5 mm
films specimens were measured (with 12 replicates)
according to the method D882‐12 (ASTM, 2012), with
an Emic DL‐3000 Universal Testing Machine (load cell
of 100N, initial grip separation of 100 mm, and cross-
head speed of 12.5 mmmin−1).

The formulation exhibiting the lowest WVP was
tested for its ability to reduce the texture changes in
nachos exposed to tomato sauce. Triangular nachos with
about 50 mm in side (Doritos®; Pepsico) were divided
into three treatments (with seven nachos per treatment),
according to Figure 1. In one treatment (NT), each
nacho was covered with 2 g tomato sauce (Pomarola,
Cargill, with 14.2 wt% solids, including 10.8 wt% carbo-
hydrates, 1.7 wt% proteins, and 1.5 wt% dietary fiber). In
another (NFT), a film sample (covering the entire nacho
surface) was placed between the nacho and the tomato
sauce (2 g). Finally, a control treatment (N) consisted of
nachos without film or sauce. All nachos were left on a
lab bench at 25°C for 50min, then the films and/or
tomato sauce were removed from their surfaces, and the

nachos were subjected to a texture analysis on a TA.XT
Plus texture analyzer (Stable Micro Systems) equipped
with a TA‐42 knife probe with a 45‐degree chisel blade
cutting through the nachos at a crosshead speed of
2 mm s−1 and posttest speed of 10 mm s−1. The fracture
force and the area under the force‐distance curve were
recorded, representing hardness and toughness respec-
tively, by using the software Exponent (Stable Micro
Systems).

2.4 | Data processing and statistical analyses

The results were analyzed using Minitab® statistical
software v. 19 (Minitab Inc). The model adjustment was
made in terms of pseudo‐components. Moreover, the
differences between treatments were analyzed by one‐
way ANOVA followed by Tukey's post hoc tests, with a
confidence level of 95%.

3 | RESULTS AND DISCUSSION

All the films presented a uniform yellowish appearance,
with about 93% solids.

The experimental responses to all treatments as well
as the regression coefficients for the statistic models (in
pseudocomponents) are presented at Table 2. All the
models were significant (p< 0.05), although the one for
WCA was only significant when the interaction terms
were removed, creating a linear model. Except for the
WCA model, all of them presented coefficients of
determination (R2 values) higher than 70%.

Figure 2 presents the contour plots for the models.
Alginate was the component with the highest effect on
the tensile strength (Table 2, Figure 2), which explains
why the film #2 (the one with most alginate) was the
strongest one (Table 2), while higher glycerol and

FIGURE 1 Test for texture changes of nachos: N, control nachos,
without film or tomato sauce; NFT, nachos covered with film and
tomato sauce; NT, nachos covered with tomato sauce.
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guacamole contents decreased the tensile strength, due to
the plasticizing effects of glycerol and the guacamole
lipids (Dong et al., 2023; Miller et al., 2021). The
elongation, on the other hand, was mostly increased by
glycerol (and also by guacamole, to a lower extent) and
decreased by alginate, which corroborates several studies
reporting the effects of glycerol (Dong et al., 2023;
Hazrati et al., 2021; Zhang et al., 2016) and lipids (Miller
et al., 2021) as plasticizers, enhancing elongation but
decreasing tensile strength of films.

The WVP was mostly decreased by the alginate
content, whereas glycerol was the component that mostly
increased it (Table 2, Figure 2), which is also related with
the plasticizer effect of glycerol, decreasing molecular
bonding and increasing the solubility coefficient to water
vapor (Miller et al., 2021). The treatment #2 (with the
highest alginate content), being the one with the lowest
WVP, was considered as the best film for the intended
application (i.e., as a moisture barrier in multicomponent

foods), besides having presented the highest tensile
strength (Table 2). Although the model for WCA was
not significant, the films with the highest guacamole
contents were the ones with highest WCA (Table 2),
indicating that the presence of high guacamole contents
enhanced their hydrophobicity, since avocado has a lipid
content that corresponds to more than half its dry weight
(Dreher & Davenport, 2013), while glycerol was the
component that mostly decreased WCA, due to its high
polarity. However, the highest hydrophobicity values
provided by guacamole did not reflect in the lowest WVP
values, probably because the presence of a hydrophobic
phase on the hydrophilic matrix promoted the formation
of discontinuities, thus increasing water diffusivity,
that is to say, the lipids acted as plasticizers (Yousuf
et al., 2022), increasing the polymer chain spaces, thus
increasing water vapor diffusivity. The effect of lipids on
increasing WVP corroborates findings from previous
studies (Chen et al., 2022; Medeiros et al., 2022), whereas

TABLE 2 Experimental responses and regression coefficients for the corresponding models.

Films Gua/alg/glya ratios

Responses

σ (MPa) ε (%) WVP (g mm kPa–1 h–1 m–2) WCA (°)

1 40/45/15 15.73c 17.16bcd 4.589ab 86.17a

2 25/60/15 28.88a 10.09d 3.605c 74.33b

3 25/45/30 10.66d 31.14a 5.187a 61.39c

4 32.5/52.5/15 21.93b 10.49d 3.862bc 81.49a

5 32.5/45/22.5 11.81cd 21.55b 4.553ab 82.46a

6 25/52.5/22.5 20.67b 18.85bc 3.934bc 66.01c

7 30/50/20 21.04b 19.48b 4.397abc 80.46ab

8 35/47.5/17.5 13.97cd 12.97cd 4.626ab 83.15a

9 27.5/55/17.5 21.06b 10.66d 3.876bc 64.45c

10 27.5/47.5/25 13.89cd 22.47b 4.769a 62.93c

Coefficients
Terms σ ε WVP WCA

β1 15.22 16.52 4.60 90.30

β2 28.30 9.71 3.56 70.68

β3 10.70 31.06 5.18 61.87

β12 −1.70 −11.90 −0.15 ‐

β13 −4.50 −9.12 −0.47 ‐

β23 4.50 −5.29 −1.10 ‐

R2 (%, adjusted) 83.76 88.76 81.07 68.96

F Value 10.29 15.22 8.71 11.00

p Value 0.02 0.01 0.03 <0.01

Note: Values in the same column sharing at least one common letter (or not followed by letters) are not significantly different (p> 0.05). β1, β2, β3, β12, β13, β23: Terms
for guacamole, alginate, glycerol, and respective interactions (as pseudo‐components).

Abbreviations: WCA, water contact angle at 2 s; WVP, water vapor permeability; ε, elongation at break (%); σ, tensile strength.
aGuacamole/alginate/glycerol weight ratios (on a dry basis).
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other studies have reported that the presence of lipids
have exhibited the opposite effect, that is to say, they
lowered the WVP, due to their effect on hydrophobicity
(Oliveira Filho et al., 2020; Sothornvit, 2010).

The micrographs of the film #2 (the one with the best
overall properties) and a control alginate film were

presented along with the corresponding photographs
(Figure 3). While the alginate film was quite transparent
and with a smooth surface (although with some cracks on
the cross‐section), film #2 was yellowish and translucent,
with a rough surface, and presenting pores/discontinuities
revealing the existence of hydrophobic areas, which are

FIGURE 2 Contour plots for the film properties.

FIGURE 3 Top: Film #2 (with 25% guacamole, 50% alginate, and 15% glycerol, d.b.), A, B, and C representing a photography, and scanning
electron microscopy (SEM) images of a plain surface and cross‐section, respectively. Down: control alginate film with 30% glycerol, D, E, and F
representing a photography, and SEM images of a plain surface and cross‐section, respectively.
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due to the high lipid content of avocado mesocarp
(Tan, 2019). Those discontinuities corroborate the previ-
ously mentioned increased water diffusivity resulting from
high guacamole contents. The films obtained by Freitas
et al. (2022), also containing a hydrophobic phase,
presented pores and discontinuities as well.

In the FTIR spectra (Figure 4), the broad band
around 3300 cm–1 (present in both the film and its
components) is linked to OH stretching vibrations of OH
groups (Lozano‐Vazquez et al., 2021). The band at
1592 cm−1 in alginate is ascribed to asymmetric stretch-
ing of—COO− (Aydin & Zorlu, 2022; Wang et al., 2016),
and was shifted to a higher wavenumber in the film,
due to the interference of the C=C stretching band of
aromatic rings of phenolic groups in guacamole around
1600 cm−1 (Dhaouadi et al., 2021). The band from
symmetric stretching of—COO− at 1405 cm−1 (Wang
et al., 2016) also presented a shift in the film, which is due
to the interference by the CH2 bending of lipids in
guacamole at around 1420 cm−1 (Qiu et al., 2020). Other
bands from alginate include those from C—O—C
stretching between 1130 and 1020 cm−1 (Abou‐Zeid
et al., 2019; Vaziri et al., 2018), the one from O—H
deformation at 944 cm−1 (Pereira et al., 2003), and the
one from mannuronic acid residues at 810 cm−1 (Costa
et al., 2018). Bands mainly due to the presence of
avocado (in guacamole) include those from CH3 stretch-
ing and CH2 symmetric stretching at 2923 and 2846 cm−1

respectively (Contreras‐Ramírez et al., 2021), the one
from C=O stretching vibrations of aldehydes, ketones
and carboxylic acids at 1745 cm−1 (Manaf et al., 2018),
those between 1238 and around 1030 cm−1, ascribed to

C‒O stretching (Manaf et al., 2018), and the one at
902 cm−1 from =CH2 wagging (Rohman et al., 2016).

The loss of crispiness in nachos previously covered (for
50min) with either tomato sauce (NT) or a film sample and
tomato sauce (NFT) are presented in Figure 5, when
compared to uncovered nachos (N). For the three measured
attributes, the pure nachos presented the lowest values, as

FIGURE 4 Fourier‐transform infrared spectra of film #2 and its main components (powder alginate and freeze‐dried guacamole).

FIGURE 5 Instrumental texture of nachos: uncovered (N);
previously covered for 50 min with tomato sauce (NT) or a film sample
and tomato sauce (NFT). AUC, area under the curve for the major
fracture event, representing the energy taken for the nacho to be
fractured; DEF, deformation of the nacho on the major fracture event;
FS, fracture strength (maximum force at the major fracture event
divided by the area of the nacho in contact with the probe).
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expected, indicating that the nachos not previously covered
with a moist tomato sauce were easier to fracture (requiring
less energy to fracture and deforming less). The previously
covered nachos required higher forces and energy to be
fractured, and were more deformed, indicating loss of
crispiness. However, when compared to the nachos previ-
ously covered only with the tomato sauce (NT), the ones in
which a film sample was inserted between the nachos and the
tomato sauce (NFT) presented lower values for the three
attributes, that is, they were crispier. Thus, it was
demonstrated that the presence of an alginate‐based film
containing guacamole was able to reduce the crispiness loss
of nachos on a short storage. Similarly, the results by Freitas
et al. (2022) also demonstrated that the presence of a
polysaccharide‐based film between nachos and a moist sauce
contributed to maintain the crispiness of the nachos.

4 | CONCLUSIONS

Edible films containing different proportions of alginate,
guacamole, and glycerol were successfully formed, accord-
ing to a simplex centroid mixture design. While alginate was
the most contributing component to increase the film
strength and to reduce its WVP, the presence of guacamole
favored the film hydrophobicity. Both guacamole (due to its
lipid contents) and glycerol acted as plasticizers, decreasing
the tensile strength and increasing film elongation, while
also increasing WVP. The film with the lowest WVP, when
inserted between nachos and tomato sauce, was able to
reduce the crispiness loss of nachos during a short (50‐min)
storage, and could be thus useful on the context of delivery
of multicomponent foods (e.g., tacos) for whish the loss of
crispiness is an issue.
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