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Abstract: Increasing environmental awareness has promoted an interest in alternative strategies to
common plastics obtained from fossil sources, stimulating research on the use of biodegradable and
edible films/coatings obtained from renewable sources such as arrowroot starch. This research work
aimed to evaluate the use of arrowroot starch on the formation of edible films and coatings. Increasing
the concentration of arrowroot starch (from 1% to 5%, mass/mass) in the film produced by casting
resulted in increased water vapor permeability (from 2.20 to 3.68 g mm/m2 day kPa), moisture
content (3.22% to 7.95%), increased thickness (from 0.029 to 0.101 mm), and decreased solubility in
water (from 22.45% to 13.89%). The films were homogeneous, transparent and manageable, with
the exception of the film with 1% starch. Film-forming solutions at concentrations of 0%, 2%, and
4% (mass/mass) of arrowroot starch were prepared and applied to plums to evaluate post-harvest
behavior when stored at 25 and 5 ◦C for 35 days. The 2% coating adhered well to the plums’ surfaces,
was bright and was effective in reducing mass loss and respiratory rate, associated with storage
temperature of 5 ◦C. The 4% coating presented an opaque and flocculated appearance.

Keywords: Maranta arundinacea Linn.; Prunus domestica; food packaging; biopolymers; solubility in
water; post-harvest technology; anthocyanins; cooling

1. Introduction

Concerns about the environment combined with consumer demand for high quality,
environmentally friendly, closer to natural products, have drawn researchers’ attention
to the development of technologies that replace the consumption of fossil materials with
sustainable processes and materials from renewable sources [1]. In recent decades, new
packaging technologies have been developed in response to this demand, and one of the
found solutions was the development of biodegradable and edible films and coatings from
natural polymers from renewable sources [2].

The biopolymers most often used in the production of edible films and coatings
are proteins, polysaccharides and lipids, or the combination thereof [3]. Among the
polysaccharides used for edibles films and coatings production, starch is the most widely
used natural biopolymer, due to its easy processing, low cost, abundance, biodegradability,
edibility and ability to form a continuous matrix [4]. Starch is a vegetable energy reserve
polysaccharide, formed by two types of glucose polymers, amylose and amylopectin, with
different structures and functionalities, whose composition (amylose/amylopectin ratio)
varies according to the biological source. Amylose is a linear polymer, while amylopectin
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is a highly branched and less water-soluble polymer than amylose [5]. Starch is extracted
commercially from several sources, such as corn, potatoes, cassava, rice and wheat [6].
Its wide use in the food industry, in several types of foods as gelling and thickener, has
intensified the search for new natural sources of unconventional starch from yam, jackfruit
seed, mango kernel [7], avocado [8], mango ginger [9] and arrowroot [10] among others.

In this sense, arrowroot rhizomes (Maranta arundinacea Linn.) have stood out, due
to their high starch content and because they are a starch source of no socioeconomic
importance in many countries and, therefore, are not considered a high priority raw
material [11]. The high content of amylose (ranging from 16% to 27%, [12]) makes arrowroot
starch a promising polymeric material to be used in biodegradable films preparation [10].
The high amylose content in the starch is desirable for the production of films with better
mechanical and thermal properties [13–15]. In addition, the high digestibility of arrowroot
starch [16] can also be considered an advantage for applications in which the films or
coatings will be consumed together with the food contained. Nowadays, one of the
alternatives to maintain or improve the quality in the post-harvest of fruit and vegetables
is the application of an edible coating or film to the surface of the product.

The film is performed separately and applied subsequently to the fruit and vegeta-
bles [17]. Edible coatings are applied to or formed directly over the surface of fruit and
vegetables, creating thin membranes, imperceptible to the naked eye and with several struc-
tural characteristics, which are dependent on the formulation of the precursor film-forming
solution [18]. As they are in direct contact with food and can be consumed with food, it is
desirable that edible films and coatings have neutral sensory properties (transparent, odor-
less and tasteless) so as not to alter food quality [3]. The purpose of the edible coatings is to
create a selective barrier to gases, aromas and oils to improve the food quality, increasing its
shelf-life by providing safe products. At the same time, the role of the coatings permeable to
O2 and CO2 is to control the moisture transfer and to reduce surface abrasion [19]. Studies
have shown that coated fruits have minimal weight loss [19,20], decreased respiration
rate [21], decreased enzyme activity, maintaining visual quality [22], which resulted in a
remarkable extension of shelf-life [19,20,22].

Plum is a fruit highly enjoyed by consumers, both fresh and dry, for its characteristic
flavor and for its action as a natural laxative. It has high nutritional value, with high sugar,
anthocyanins, phenolic compounds concentrations, besides being a source of ascorbic acid
and β-carotene [23]. However, plums present a short harvesting period [24] with high
perishability due to their fragile structure, high water content and fungal infection, which
limit your long-distance transport and storage for longer times. The application of edible
coating on the surface of the plums is a viable alternative to maintain or improve their
post-harvest quality. Thus, the study of the viability of arrowroot starch application in the
development of edible and biodegradable films and coatings, both for the reduction of post-
harvest losses of fruits and for the protection of the environment, is essential. The number
of research studies that have evaluated the applicability of arrowroot starch in the scientific
literature is scarce, making it necessary to carry out new studies that provide information
that contribute to its application as a 100% natural edible coating in fruits, such as plums
that are highly perishable, as a form of conservation. This evaluation is particularly
important, as this starch has great potential for replacing conventional starch due to its
functionality as a hydrocolloid, thickening and gelling agent, as well as biodegradable and
edible food packaging. In addition, the information found in these studies may be used
in future work to design edible starches coatings with improved properties, enabling the
expansion of the post-harvest area for other fruits and vegetables. The application of edible
fruit coatings has been identified as a low-cost technique and, therefore, feasible for use
by small local farmers and small agribusiness, as it uses simple technology and does not
require high investment in equipment. Therefore, the aim of this research work was to
evaluate the ability to produce edible coatings and films from arrowroot starch. Films were
produced with different concentrations of arrowroot starch using glycerol as plasticizer. In
addition, their characterization in appearance, thickness, water activity, moisture content,



Polysaccharides 2021, 2 375

solubility and vapor permeability were analyzed. Subsequently, arrowroot starch edible
coatings were applied to the surface of plums to evaluate their efficiencies as barriers to
water loss and consequent reduction the mass loss of fruits during storage at 5 and 25 ◦C.

2. Materials and Methods
2.1. Materials

In this study, plum fruits (Prunus domestica) were purchased from local market of
Campinas, São Paulo, Brazil. For the plums coating and preparation of the edible biodegrad-
able films, native arrowroot (Maranta arundinacea Linn.) starch was used as film-forming
matrix and the glycerol P.A. (Reagen, Quimibrás Indústrias Químicas S.A., Rio de Janeiro,
Brazil) as plasticizing agent. The arrowroot starch used in this research work had the
same characteristics as the starch used previously in a detailed study of physical-chemical,
thermal and micro-structural characterization carried out by our research group [10], as it
is the same starch. The arrowroot starch presented 15.24 ± 0.19% of water, 0.40 ± 0.03% of
protein, 0.12 ± 0.01% of fat, 0.33 ± 0.01% of ash and 83.91 ± 0.10% of carbohydrates (previ-
ously determined according to AOAC [25]), as well as an amylose content of 35.20 ± 1.63%
(determined according to the method described by Martínez [26]) [10]. The starch gran-
ules presented circular, ellipsoid and oval morphological characteristics of varying sizes;
type “C” crystalline structures (determined using the X-ray diffractometer, X’Pert model,
Philips Analytical X Ray, Almelo, Netherlands), glass transition temperature (Tg) between
118 and 120 ◦C (determined using a Differential Scanning Calorimeter, DSC1, Mettler
Toledo, Schwerzenbach, Switzerland). The thermogravimetric analysis (performed on a
thermogravimetric analyzer, TGA-50 M, Shimadzu, Kyoto, Japan) showed that 40% of the
mass loss of starch related to starch depolymerization occurred between 330 and 410 ◦C,
demonstrating that arrowroot starch is thermally stable [10].

2.2. Film Production

The film-forming solution was produced by dispersing the starch in distilled water
at concentrations of 1%, 2%, 3%, 4%, and 5% (mass/mass). After complete dispersion,
solutions were heated to 85 ± 2 ◦C in a thermostatic bath (TECNAL, Piracicaba, Brazil)
under stirring for approximately 5 min, until complete gelatinization, according to the
methodology described by Nogueira et al. [10]. Afterwards, the glycerol was incorporated
to the starch solution in a 15% concentration regarding the macromolecule mass and, then,
homogenized. Aliquot of 25 mL of the resulting film-forming solution was placed among
the support plate (12 cm in diameter) and exposed to drying at 25 ± 5 ◦C for about 24 h.
The dried films were removed from the support plate and conditioned at 25 ◦C and 55 ± 3%
of relative humidity for 48 h, before their characterization.

2.2.1. Visual Aspect

Visual and tactile analyses were made to choose the homogeneous films, with no
cracks and flexible for handling.

2.2.2. Film Thickness, Water Activity and Moisture Content

The film thickness was measured using a micrometer (Mitutoyo, model MDC 25M,
MFG, Kawasaki, Japan), with an accuracy of ±0.001 mm, in ten different areas of each film.
Water activity was measured using an AquaLab Lite water activity meter (Decagon Devices
Inc., Pullman, USA), operating at 25 ◦C, in triplicate. Film samples were exposed to drying
in a forced air oven at 105 ◦C for 24 h, in triplicate, to determine the moisture content [25].

2.2.3. Solubility in Water

The water solubility of the films was quantified following the methodology proposed
by Gontard et al. [27]. Dried film samples (105 ◦C for 24 h) with diameters of 2 cm were
individually immersed in 50 mL distilled water and kept under slow mechanical stirring
for 24 h at 25 ± 2 ◦C. Afterwards, the non-solubilized samples were removed, dried (105 ◦C
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for 24 h) and weighted to determine the final dry mass. The water-soluble content was
then calculated as the percentage weight that remained after water immersion.

2.2.4. Water Vapor Permeability

The water vapor permeability rate of films was gravimetrically determined, based on
ASTM E96-80 method [28]. Samples of each film formulation were fixed individually in
acrylic cells, with a central opening (diameter of 4.3 cm) and a bottom filled with dried
calcium chloride (0% relative humidity at 25 ◦C). The cells were placed in a desiccator
containing saturated sodium chloride, providing 75% of relative humidity. Water vapor
transferred through the film was determined by mass gain of calcium chloride. The cell
weight was recorded daily for at least 7 days. The permeability of the film was calculated
according to the equation described by Nogueira, Fakhouri and Oliveira [10] using linear
regression between weight gain (g) and time (h), to find the slope of the line that determines
the amount of water acquired over time.

2.2.5. Microstructure of the Film

The microstructure of the film was observed under a scanning electron microscope
(Leo 440i, Electron Microscopy/Oxford, Cambridge, England). Film samples were placed
on double-sided carbon adhesive tape adhered to stub, submitted to application of a gold
layer (model K450, Sputter Coater EMITECH, Kent, United Kingdom) and observed in
scanning electron microscope operated at 20 kV.

2.3. Plums Coating

In the evaluation of plums coating, fruits were sanitized with chlorinated water
and dried. Coatings were prepared in aqueous solution in the following concentrations:
control—distilled water; 2% arrowroot starch (mass/mass) plus 15% glycerol (mass/starch
mass); 4% arrowroot starch (mass/mass) plus 15% glycerol (mass in relation to starch mass).
The coatings were prepared by dispersing the starch in distilled water. After complete
dispersion, the solutions were heated to 85 ± 2 ◦C in a thermostatic bath (TECNAL,
Piracicaba, Brazil), in constant agitation for 5 min, until complete gelatinization [10]. Then,
glycerol was added to the starch solution and homogenized. The fruit were completely
immersed in the respective solutions for 1 min and then placed on metal wire screens with
ventilation incidence, for a period of 12 h, in order to dry the coating. Afterwards, they
were packed in polyethylene lid trays, homogeneously with five fruits per pack and stored
at 5 and 25 ◦C for 35 days.

2.3.1. Appearance and Mass Loss

Plums were selected for the absence of physiological defects, fungal deterioration,
holes and rot. In the mass loss analysis, three replications were used in each treatment,
i.e., three packs containing five plums each. Plums were weighed every 7 days during
the storage period to determine weight loss. Results were expressed as the percentage of
weight loss based on the initial weight.

2.3.2. Respiratory Rate

Fruits were packed in glass containers with capacity of 600 mL and hermetically sealed
for 30 min. The respiratory rate was determined by CO2 production, in duplicate. The gas
from the free space of the glass container, used in the packaging of samples, was circulated
through Agri-Datalog’s O2 and CO2 electronic analyzers. Based on CO2 concentration,
free space volume, fruit mass and closing time, respiration was calculated, with values
expressed in milligrams of CO2 kg−1 h−1.
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2.3.3. pH and Soluble Solids

The pH was measured by direct reading of the homogenized fruit utilizing a poten-
tiometer (Digimed pH meter DM-20) and the soluble solids using an Abbé type bench
refractometer, following AOAC’s official methodology [29], in triplicate.

2.3.4. Moisture Content

The determination of the moisture content of samples was carried out by drying them
in an air-forced oven at 105 ◦C for 24 h [29], in triplicate.

2.3.5. Titratable Total Acidity

The total titrable acidity of the plums was determined in triplicate, by the titration of
10 g of crushed pulp and homogenized with 90 mL of distilled water using standard sodium
hydroxide solution (NaOH 0.1 N) titrator, to end point of pH 8.1 using the potentiometer
(Digimed pH meter DM-20) as a turning point indicator and the results expressed as a
percentage of citric acid.

2.3.6. Anthocyanins Content

The determination of the anthocyanins content of plums was carried out following
the methodology described by Sims and Gamon [30], with adaptations. The plum samples
were homogenized with 3 mL of cold acetone/Tris-HCl solution (80:20, volume/volume,
pH 7.8 0.2 M) for 1 min. After 1 h at repose in the absence of light, the samples were
centrifuged for 15 min at 3500 rpm and the supernatants read on the spectrophotometer
(model B422, Micronal) in the visible region at 537 nm (anthocyanins). The acetone/Tris-
HCl solution was used as blank sample. Absorbance values were converted to mg g−1 of
fresh sample.

2.4. Statistical Analysis

The SAS program was used for calculating analysis of variance (ANOVA) and the
Tukey test to evaluate differences between means in the 95% confidence interval.

3. Results and Discussions
3.1. Characterization of Films

After drying, all films, except those with 1% concentration of the arrowroot starch,
could be removed from the support plates without tearing, being able to manipulation
without risk of ruptures or areas prone to cracking. All films were homogeneous, without
bubbles and insoluble particles visible to the naked eye.

The starch concentrations used in the formulation did not affect the visual appearance
of the films. All the films were transparent, odorless and good-looking, similar to petroleum-
based plastic films, as can be seen in Figure 1. Arrowroot starch films showed one bright
face (surface contact with the plate dish during the drying period) and the other one was
matte (surface exposed to air during drying). The same was reported by Basiak et al. [31]
for wheat, corn and potato starch films.

The films thickness increased significantly (p < 0.05) from 0.029 ± 0.01 to 0.101 ± 0.14 mm,
with the concentration increasing from 1 to 5% of arrowroot starch in solution, as shown
in Table 1. Films with thicknesses of 0.062 ± 0.008 mm were produced with 2 wt % of
the arrowroot starch and 17 wt % of the glycerol by Oliveira Filho et al. [32]. The thick-
nesses of arrowroot starch films produced by Nogueira, Fakhouri and Oliveira [10] ranged
from 0.026 ± 0.008 to 0.082 ± 0.011 mm, when they used starch concentrations ranging
from 2.59% to 5.41% (mass/mass) and concentrations of glycerol from 9.95% to 24.08%
(mass/starch mass). The increase in thickness is due to an increase in the amount of dry
matter, in the same volume of film-forming solution, deposited per unit area per support
plate. According to Sobral [33], obtaining films by casting method generates films of differ-
ent thicknesses depending on the mass applied on the support, shape of the support and
its flat even surface (local thickness variations can be caused by unevenness).
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Table 1. Thickness, water activity (Aw), moisture content, water in solubility and water vapor permeability values obtained
for films produced with different concentrations of arrowroot starch in film-forming solution.

Films Thickness
(mm)

AW
(decimal)

Moisture Content
(%)

Solubility in
Water (%)

Water Vapor Permeability
(g mm/m2 day kPa)

1% 0.029 ± 0.01 b * 0.594 ± 0.024 a 3.22 ± 0.25 b 22.45 ± 1.21 a 2.20 ± 0.06 bc
2% 0.059 ± 0.01 ab 0.500 ± 0.008 cb 6.44 ± 0.83 ab 15.30 ± 1.74 b 1.70 ± 1.15 c
3% 0.053 ± 0.01 ab 0.452 ± 0.016 c 7.27 ± 0.30 a 14.19 ± 0.77 b 1.97 ± 0.44 bc
4% 0.081 ± 0.01 a 0.457 ± 0.026 cb 5.42 ± 1.53 ab 16.11 ± 0.73 b 4.08 ± 0.63 a
5% 0.101 ± 0.14 a 0.511 ± 0.028 b 7.95 ± 2.19 a 13.89 ± 0.65 b 3.68 ± 0.17 ba

* Means and standard deviation followed by the same lowercase letter in column did not differ statistically from each other by the Tukey
test at p > 0.05.

Table 1 shows arrowroot films water activity and moisture content values. The water
activity presented by the films ranged from 0.45 to 0.59. It is important that edible films have
low water activity values to decreased microbiological proliferation at room temperature
and usual conditions of relative humidity [34]. As the films presented water activity values
below of the 0.60 (Table 1), it can be considered that they are microbiologically stable, as
there is no microbial growth below this value, ensuring greater food security so that it
is consumed.

The films presented water contents ranging from 3% to 8%, lower than reported by
Oliveira Filho et al. [32] of 14.2 ± 0.9% for arrowroot starch films (2 wt % of the starch and
17 wt % of the glycerol). Colussi et al. [35] obtained water contents ranging from 13.49% to
23.42% for native and acetylated rice starch films with medium and high amylose contents,
conditioned at 65% of relative humidity and at 21 ◦C. According to Sarantópoulos et al. [36],
the film must have maximum water content of 10% in order to have good barrier properties.

Films with starch concentrations higher than 1% presented statistically significant
lower values (p < 0.05) for solubility in water, compared to 1% films (Table 1). These films
were less soluble than arrowroot starch and cassava starch films which presented solubility
of 60.7% [32] and 27.5% [21], respectively. The decrease in the water solubility of the film is
associated with a formation of a more compacted structure, indicating a greater number of
bonds between chains, i.e., a more resistant three-dimensional matrix. The increase of the
starch concentration in the solution was able to produce films with structured, organized
and compacted chains, which probably made it difficult the access of water molecules to
the hydrophilic groups due to least mobility, reducing solubility [37]. This can be confirmed
in Figure 2a,b by SEM images of the surface and cross-section of films. The film presented
a smooth and homogeneous surface, with a continuous and dense network formed by
arrowroot starch, which resulted in better water barrier properties. This property directs
the application of the film as food packaging. In some cases, their total solubilization in
water may be beneficial, as in semi-ready products intended for preparation under cooking,
or when it will be consumed with the product. For applications such as edible coating, it is
desirable that coating is completely dissolved when consumed with food. However, when
the food is liquid or exudes an aqueous solution, high solubility films are not indicated [3].
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Figure 2. Scanning electron microscopy (SEM) images: (a) surface and (b) cross section of the film produced with 4%
(mass/mass) of arrowroot starch and 15% of glycerol (mass/mass of starch).

The water vapor permeability of films varied from 1.70 ± 1.15 g mm/m2 day kPa (2%
starch film) to 4.08 ± 0.63 g mm/m2 day kPa (4% starch film). Films of native and acetylated
rice starch with medium and high amylose contents showed water vapor permeability
ranging from 5.33 to 10.33 g mm/m2 day kPa [35]. Water vapor permeability is the
measure of the amount of moisture that passes through the unit area of material per unit
time [38]. This moisture transfer usually occurs through the hydrophilic portion of a
barrier [39]. The natural polymers used for making edible films are generally hydrophilic,
such as starch. They contain polar groups that interact with permeant water molecules
inducing plasticization during permeation. The sorption of water that occurs during
the permeation process increases the polymer free volume allowing the polymer chain
segments to increase mobility due to swelling. The higher the mobility, the higher the
water vapor permeability [38]. Thus, an increase in the water vapor permeability of the
films can be observed with increasing starch concentration from 1% to 5% and its thickness
(Table 1). Park and Chinnan [40] observed that the water vapor permeability increased
with the thickness due to a linear behavior between this property and the thickness of the
films. It can be seen that the 5% starch film showed a reduction in water vapor permeability
compared to the 4% film, despite being significant. This reduction is a consequence of the
variability in the thickness of the 5% films.

The increase in water vapor permeability with starch concentration has been reported
for films made from native and dual-modified yam (Dioscorea rotundata) starch films [41].
Whereas water vapor permeability is the result of sorption and moisture diffusivity in solid
matter, starch is likely to increase the affinity of the film and water or induce a decrease
in local viscosity and then increase diffusivity [38]. Incorporation of microemulsions and
nano-emulsions of carnauba wax in arrowroot starch films significantly reduced their
permeability to water vapor and water solubility, due to the hydrophobic feature of the
wax [32].

3.2. Plums Coating

The concentrations of 2% and 4% of arrowroot starch in film-forming solution were
chosen to be tested as edible coating on plums, in order to evaluate their efficiencies as
barriers to water loss and, consequently, reducing the mass loss of fruits during storage at
5 and 25 ◦C. The 1% starch concentration has not been tested, as it produces a very liquid
coating solution, which could hinder its adherence evenly on the fruit surface. On the other
hand, the 5% arrowroot starch concentration produced a very viscous coating solution,
which could generate a very thick and opaque coating on the fruit surface, which could
alter its appearance and impair its acceptance by the consumer.
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Arrowroot starch coatings adhered well to the peels of the plums. However, the 4%
film was opaque and flocculated, principally after storage at 25 ◦C (Figure 3). Opacity may
vary depending on the amylose content of starches, as their solution molecules, due to their
linearity, tend to orientate parallel enough to form hydrogen bridges between adjacent
chain hydroxyls. As result, the affinity of the polymer for water is reduced, favoring the
formation of opaque pastes and resistant films [3,42]. In addition, it is possible that during
the storage of plums at room temperature, the coating has lost water to the environment
favoring flocculation.
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The plums coated with the 2% starch concentration were brighter. No visible changes
in the texture of the plums were observed when stored at 5 ◦C, unlike those maintained at
25 ◦C which, after 7 days of storage, were wilted and showed growth of microorganisms
visible to the naked eye.

Regardless of treatment, plums stored at 5 ◦C for 14 days still showed firm consistency,
with no incidence of surface cracks, growth of microorganisms visible to the naked eye
or presence of liquid in the packages. Only after 21 days of storage, for all treatments,
it was possible to observe the fungal growth and rot incidence in just some samples,
although most of them still presented firm consistency and absence of microbiological
contamination. The shelf-life of plums stored at 5 ◦C was 35 days, while for the plums
stored at a temperature of 25 ◦C, it was only 7 days.

The incorporation of antimicrobial agents into the starch coatings could avoid the
microbiological contamination of the fruit, prolonging its shelf-life. Edible films based on
pea starch and guar gum incorporated with epigallocatechin-3-gallate and two native Aus-
tralian plants—blueberry ash fruit and macadamia—showed antimicrobial properties and
could be used to preserve food safety and prolong the shelf-life of packaged products [43].

During the storage period, there was a significant loss of mass of the evaluated
plums, and the highest values were observed in fruit kept at 25 ◦C, after 7 days of storage,
compared with fruit stored at 5 ◦C (Table 2). The 4% starch coating significantly reduced
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the mass loss of plums stored at 25 ◦C, compared to the others. There was a significant
mass loss decrease of the plums with reduced storage temperature. Among the studied
coatings, the largest mass loss was observed for uncoated plums (10.63 ± 0.27%), followed
by plums coated with 4% (8.37 ± 1.29%) and 2% (7.18 ± 1.53%) starch concentration in
film-forming solution, stored at 5 ◦C after 35 days. The edible starch coating was effective
in reducing plum weight loss over time, when compared to uncoated plums (Table 2).
Garcia et al. [44] also observed a reduction over time in the weight loss of strawberries
that received coatings containing 2% of corn starch. This can be explained by the increased
difficulty for water migration from the fruit to the environment, caused by the film formed
around the fruit. Films with 2% of arrowroot starch produced the lowest water vapor
permeability rate. On the other hand, the flocculation of coating with 4% starch promoted
discontinuity in the structure of the film formed on plum surface, which resulted in an
impaired barrier property, in the long term. Therefore, it can be concluded that the coating
of plums with film-forming solution in the concentration of 2% of arrowroot starch in
solution acted as a barrier to water loss, consequently reducing the loss of mass of the fruit
during its storage, mainly when associated with storage under refrigeration.

Table 2. Mass loss (%) of plums with different concentrations of edible coating, stored for up to 7 days at 25 ◦C and 35 days
at 5 ◦C.

Treatments
Storage (Days)

0 7 14 21 28 35

0%—25 ◦C 0.00 ± 0.00 aB * 5.43 ± 0.34 aA - - - -
2%—25 ◦C 0.00 ± 0.00 aB 5.40 ± 0.85 aA - - - -
4%—25 ◦C 0.00 ± 0.00 aB 2.77 ± 0.31 bA - - - -
0%—5 ◦C 0.00 ± 0.00 aD 0.00 ± 0.08 cD 1.74 ± 0.23 aC 2.62 ± 0.31 aC 8.50 ± 0.82 aB 10.63 ± 0.27 aA
2%—5 ◦C 0.00 ± 0.00 aC 0.02 ± 0.03 cC 2.38 ± 0.17 aBC 3.57 ± 0.11 aB 4.90 ± 0.30 aBA 7.18 ± 1.53 aA
4%—5 ◦C 0.00 ± 0.00 aB 0.55 ± 0.59 cB 2.37 ± 0.32 aB 3.33 ± 0.51 aB 7.78 ± 2.51 aA 8.37 ± 1.29 aA

* Averages followed by the same lowercase letter in column and uppercase in line do not differ statistically from each other to the Tukey
test at p > 0.05.

The respiration rate of plums stored at 25 ◦C and 5 ◦C is shown in Table 3. The
lowest values of respiratory rates were observed in plums stored at 5 ◦C, regardless of
treatment. For all treatments stored at 5 ◦C, a significant reduction in respiration rate was
observed on 14 days of the experiment. After 35 days at 5 ◦C, the fruit showed a significant
decrease of respiratory rate in relation to day 0. The respiration rate of vegetables is
affected by storage temperature and microbiological contamination, as well as the action of
coating. The reduction of the storage temperature reduces the cellular metabolism [45] and
consequently the respiratory rate of the fruit [24,46]. Regarding treatments, no significant
influences (p > 0.05) were observed in respiratory rate. These results indicate that arrowroot
starch coatings had a semipermeable characteristic, because fruit continued to breathe,
perspiring and losing water, but in smaller quantity when stored at low temperature.

Table 3. Respiratory rate (mg CO2 kg−1 h−1) of plums with different concentrations of edible coating stored for up to 7
days at 25 ◦C and 35 days at 5 ◦C.

Treatments
Storage (Days)

0 7 14 21 28 35

0%—25 ◦C 247.84 ± 14.02 aA * 252.3 ±5.09 aA - - - -
2%—25 ◦C 247.84 ± 14.02 aA 235.60 ± 48.05 bacA - - - -
4%—25 ◦C 247.84 ± 14.02 aA 239.18 ± 26.95 baA - - - -
0%—5 ◦C 247.84 ± 14.02 aA 122.25 ± 4.75 cC 148.11 ± 2.99 bCB 152.96 ± 7.30 bCB 178.32 ± 8.62 aB 145.17 ± 9.83 aCB

2%—5 ◦C 247.84 ± 14.02 aA 223.53 ± 25.20
bacBA 170.90 ± 4.40 baBC 184.28 ± 0.20 baBC 187.29 ± 3.24 aBC 157.83 ± 10.42 aC

4%—5 ◦C 247.84 ± 14.02 aA 127.37 ± 6.27 bcD 180.08 ± 6.59 aCB 207.47 ± 6.49 aB 175.24 ± 12.53 aCB 166.84 ± 1.13 aC

* Averages followed by the same lowercase letter in column and uppercase in line do not differ statistically from each other to the Tukey
test at p > 0.05.
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In Figure 4a,b, a significant (p < 0.05) increase in pH and soluble solids and a decrease
in titratable total acidity of the plum pulp can be observed at the end of the experiment
regarding to day 0, for all treatments regardless of storage temperature. Valero et al. [47],
evaluating the effects on four plum cultivars coated with alginate (1% and 3%), for 35 days
at 2 ◦C, reported variations of acidity between cultivars with delayed acidity decrease in the
treatment coated with 1% and 3% of alginate, although they did not observed significant
differences between these treatments.
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Figure 4. Titratable total acidity in tartaric acid (g g−1) and pH (decimal) (a) and total soluble solids (TSS%) (b) of plums
with different concentrations of edible coating stored for up to 7 days at 25 ◦C and 35 days at 5 ◦C.

In this work, the plum coating did not significantly influence these parameters. The
increase of pH and soluble solids contents and decrease of acidity may be associated
with the fruit ripening process, with degradation of the starch into glucose by glycolysis.
According to Chitarra and Chitarra [48], soluble solids content increases as fruit ripens due
to increased synthesis or degradation of polysaccharides and accumulation of sugars. The
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soluble solids present in fruit are important compounds (mainly sugars and organic acids)
responsible for the taste and consequent acceptance of the product by consumers.

A high-water content was found in the pulp of plums, with variation of 83.27 ± 4.55%
to 89.32 ± 0.05%. Concerning anthocyanins content, there was a statistically significant
increase (p < 0.05) over plum storage days, at 25 ◦C and 5 ◦C in relation to day 0, regardless
of treatment (Table 4). This happens because, during the fruit ripening process, there is a
reduction of the chlorophyll pigment and an increase of anthocyanins, which is evidenced
by change in the color of the fruit from green to red [48]. The higher anthocyanins content
found on day 14 for plum samples stored at 25 ◦C may be explained by the higher respira-
tion rate presented by these samples. Higher respiration rate results in higher metabolism,
which can lead to higher pigment production [48]. Cordenunsi et al. [49] found a significant
increase (p < 0.05) in the anthocyanins content of cv Oso Grande strawberries, harvested
with 75% red surface color and stored at 16 ◦C and 25 ◦C.

Table 4. Anthocyanins content (mg g−1 of fresh pulp) of plums with different edible coating concentrations, stored for up to
7 days at 25 ◦C and 35 days at 5 ◦C.

Treatments
Storage (Days)

0 7 14 21 28 35

0%—25 ◦C 2.45 ± 0.16 aB * 3.47 ± 0.25 aA - - - -
2%—25 ◦C 2.45 ± 0.16 aB 3.67 ± 0.37 aA - - - -
4%—25 ◦C 2.45 ± 0.16 aB 3.08 ± 0.28 aA - - - -
0%—5 ◦C 2.45 ± 0.16 aA 3.12 ± 0.04 aA 2.15 ± 0.24 aA 2.00 ± 0.16 aA 2.65 ± 0.79 bA 2.88 ± 0.29 aA
2%—5 ◦C 2.45 ± 0.16 aC 3.19 ± 0.21 aBAC 2.69 ± 0.24 aBC 2.88 ± 0.27 aBC 3.42 ± 0.08 baBA 3.87 ± 0.62 aA
4%—5 ◦C 2.45 ± 0.16 aC 3.17 ± 0.16 aBAC 2.15 ± 0.37 aC 2.55 ± 1.07 aBC 3.85 ± 0.44 aBA 3.96 ± 0.10 aA

* Averages followed by the same lowercase letter in column and uppercase in line do not differ statistically from each other to the Tukey
test at p > 0.05.

4. Conclusions

Edible films with increasing concentrations from 1% to 5% of arrowroot starch in solu-
tion were produced by a casting method with good handling characteristics, transparency
and colorlessness. Films produced with 1% starch tore when removed from the support
plate and were fragile to handle. An increasing concentration of starch in the solution
increased the thickness of the films and decreased their water solubility property. On the
other hand, it impaired the water vapor barrier properties of the films.

The application of the edible coating of arrowroot starch to plums was effective in
reducing the mass loss of fruits, principally when 2% of starch concentration was used
associated with storage temperature of 5 ◦C. The 2% starch coating adhered well to the
surface of plums and made plums brighter, whereas the 4% starch coating appeared opaque
and flocculated. Furthermore, arrowroot starch coatings did not present significant effects
on the physicochemical parameters of the fruit such as respiratory rate, pH, total titratable
acidity, soluble solids and anthocyanin content, which were more influenced by the storage
temperature. The plums stored at 25 ◦C withered and showed fungal growths that were
visible to the naked eye after 7 days. For fruits stored at 5 ◦C, no visible changes in texture
were observed. The lowest values of mass loss and respiratory rate in plums were obtained
when stored at 5 ◦C and for plum samples with 2% starch edible coatings. There was an
increase in pH, soluble solids content and anthocyanins, and a decrease in the acidity of
the plums after storage, due to the fruit ripening process. It could be concluded that the
use of coating allied to the low temperature favors the reduction of the mass loss of plums
during storage.

Author Contributions: Conceptualization, G.F.N., F.M.F. and R.A.d.O.; methodology, G.F.N., B.d.O.L.,
G.R.S.d.S., J.V.d.S., P.B.N. and C.T.S.; software, G.F.N.; validation, G.F.N. and C.T.S.; formal analysis,
G.F.N., B.d.O.L., G.R.S.d.S., J.V.d.S., P.B.N. and C.T.S.; investigation, G.F.N., B.d.O.L., G.R.S.d.S.,
J.V.d.S., P.B.N. and C.T.S.; resources, G.F.N. and R.A.d.O.; data curation, G.F.N., F.M.F. and R.A.d.O.;
writing—original draft preparation, G.F.N., B.d.O.L., G.R.S.d.S., J.V.d.S., P.B.N. and C.T.S.; writing—



Polysaccharides 2021, 2 384

review and editing, G.F.N., C.T.S., F.M.F. and R.A.d.O.; visualization, G.F.N., C.T.S., F.M.F. and
R.A.d.O.; supervision, G.F.N. and R.A.d.O.; project administration, G.F.N. and R.A.d.O.; funding
acquisition, G.F.N. and R.A.d.O. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Coordination for the Improvement of Higher Education
Personnel, grant number No 1441596 (CAPES, Brazil—01-P-3712/2017) and by Pró-Reitoria de
Pesquisa—UNICAMP.

Acknowledgments: The authors are grateful to the National Council for Scientific and Technological
Development (CNPq) and to the Research Office of University of Campinas and to the School
of Agricultural Engineering—University of Campinas for their administrative, technical support,
or donations in kind (e.g., materials used for experiments). The authors also thank Espaço da
Escrita—Pró-Reitoria de Pesquisa—UNICAMP—for the language services provided.

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

References
1. Soares, N.D.F.F.; da Silva, W.A.; dos Pires, A.C.S.; Camilloto, G.P.; Silva, P.S. Novos desenvolvimentos e aplicações em embalagens

de alimentos. Ceres 2009, 56, 370–378. Available online: https://www.redalyc.org/articulo.oa?id=305226808003 (accessed on
18 May 2021).

2. Farias, M.G.; Fakhouri, F.M.; de Carvalho, C.W.P.; Ascheri, J.L.R. Caracterização Físico-Química de Filmes Comestíveis de Amido
Adicionado de Acerola (Malphigia Emarginata D.C.). Quím. Nova 2012, 35, 546–552. [CrossRef]

3. Fakhouri, F.M.; Fontes, L.C.B.; Gonçalves, P.V.D.M.; Milanez, C.R.; Steel, C.J.; Collares-Queiroz, F.P. Filmes e Coberturas
Comestíveis Compostas à Base de Amidos Nativos e Gelatina Na Conservação e Aceitação Sensorial de Uvas Crimson. Ciênc.
Tecnol. Aliment. 2007, 27, 369–375. [CrossRef]

4. Mali, S.; Grossmann, M.V.E.; Garcia, M.A.; Martino, M.N.; Zaritzky, N.E. Microstructural Characterization of Yam Starch Films.
Carbohydr. Polym. 2002, 50, 379–386. [CrossRef]

5. Chi, C.; Li, X.; Huang, S.; Chen, L.; Zhang, Y.; Li, L.; Miao, S. Basic Principles in Starch Multi-Scale Structuration to Mitigate
Digestibility: A Review. Trends Food Sci. Technol. 2021, 109, 154–168. [CrossRef]

6. Petersen, K.; Nielsen, P.V.; Bertelsen, G.; Lawther, M.; Olsen, M.B.; Nilsson, N.H.; Mortensen, G. Potential of Biobased Materials
for Food Packaging. Trends Food Sci. Technol. 1999, 10, 52–68. [CrossRef]

7. Wilfer, P.B.; Giridaran, G.; Jeevahan, J.J.; Joseph, G.B.; Kumar, G.S.; Thykattuserry, N.J. Effect of starch type on the film properties
of native starch based edible films. Mater. Today Proc. 2021, 44, 3903–3907. [CrossRef]

8. Alrefai, R.; Alrefai, A.M.; Benyounis, K.; Stokes, J. A Comparative Study of the Properties of the Bio-Plastic Sheets Produced
from Three Conventional and Unconventional Starch Sources. In Reference Module in Materials Science and Materials Engineering;
Elsevier: Amsterdam, The Netherlands, 2020; ISBN 978-0-12-803581-8.

9. Policegoudra, R.S.; Aradhya, S.M. Structure and Biochemical Properties of Starch from an Unconventional Source—Mango
Ginger (Curcuma amada Roxb.) Rhizome. Food Hydrocoll. 2008, 22, 513–519. [CrossRef]

10. Nogueira, G.F.; Fakhouri, F.M.; de Oliveira, R.A. Extraction and characterization of Arrowroot (Maranta arundinaceae L.) starch
and its application in edible films. Carbohydr. Polym. 2018, 186, 64–72. [CrossRef] [PubMed]

11. Gordillo, C.A.S.; Valencia, G.A.; Zapata, R.A.V.; Henao, A.C.A. Physicochemical Characterization of Arrowroot Starch
(Maranta arundinacea Linn) and Glycerol/Arrowroot Starch Membranes. Int. J. Food Eng. 2014, 10, 727–735. [CrossRef]

12. Moorthy, S.N. Physicochemical and Functional Properties of Tropical Tuber Starches: A Review. Starch Stärke 2002, 54, 559–592.
[CrossRef]

13. Romero-Bastida, C.A.; Bello-Pérez, L.A.; Velazquez, G.; Alvarez-Ramirez, J. Effect of the Addition Order and Amylose Content
on Mechanical, Barrier and Structural Properties of Films Made with Starch and Montmorillonite. Carbohydr. Polym. 2015, 127,
195–201. [CrossRef] [PubMed]

14. Fakhouri, F.M.; Martelli, S.M.; Bertan, L.C.; Yamashita, F.; Mei, L.H.I.; Queiroz, F.P.C. Edible Films Made from Blends of Manioc
Starch and Gelatin—Influence of Different Types of Plasticizer and Different Levels of Macromolecules on Their Properties. LWT
2012, 49, 149–154. [CrossRef]

15. Li, M.; Liu, P.; Zou, W.; Yu, L.; Xie, F.; Pu, H.; Liu, H.; Chen, L. Extrusion Processing and Characterization of Edible Starch Films
with Different Amylose Contents. J. Food Eng. 2011, 106, 95–101. [CrossRef]

16. Villas-Boas, F.; Franco, C.M.L. Effect of Bacterial β-Amylase and Fungal α-Amylase on the Digestibility and Structural Character-
istics of Potato and Arrowroot Starches. Food Hydrocoll. 2016, 52, 795–803. [CrossRef]

17. Guilbert, S.; Gontard, N.; Gorris, L.G.M. Prolongation of the Shelf-Life of Perishable Food Products Using Biodegradable Films
and Coatings. LWT Food Sci. Technol. 1996, 29, 10–17. [CrossRef]

18. Assis, O.B.G.; de Britto, D. Revisão: Coberturas Comestíveis Protetoras Em Frutas: Fundamentos e Aplicações. Braz. J. Food
Technol. 2014, 17, 87–97. [CrossRef]

https://www.redalyc.org/articulo.oa?id=305226808003
http://doi.org/10.1590/S0100-40422012000300020
http://doi.org/10.1590/S0101-20612007000200027
http://doi.org/10.1016/S0144-8617(02)00058-9
http://doi.org/10.1016/j.tifs.2021.01.024
http://doi.org/10.1016/S0924-2244(99)00019-9
http://doi.org/10.1016/j.matpr.2020.12.1118
http://doi.org/10.1016/j.foodhyd.2007.01.008
http://doi.org/10.1016/j.carbpol.2018.01.024
http://www.ncbi.nlm.nih.gov/pubmed/29456010
http://doi.org/10.1515/ijfe-2014-0122
http://doi.org/10.1002/1521-379X(200212)54:12&lt;559::AID-STAR2222559&gt;3.0.CO;2-F
http://doi.org/10.1016/j.carbpol.2015.03.074
http://www.ncbi.nlm.nih.gov/pubmed/25965474
http://doi.org/10.1016/j.lwt.2012.04.017
http://doi.org/10.1016/j.jfoodeng.2011.04.021
http://doi.org/10.1016/j.foodhyd.2015.08.024
http://doi.org/10.1006/fstl.1996.0002
http://doi.org/10.1590/bjft.2014.019


Polysaccharides 2021, 2 385

19. Patel, C.; Panigrahi, J. Starch Glucose Coating-Induced Postharvest Shelf-Life Extension of Cucumber. Food Chem. 2019, 288,
208–214. [CrossRef]

20. Hajji, S.; Younes, I.; Affes, S.; Boufi, S.; Nasri, M. Optimization of the Formulation of Chitosan Edible Coatings Supplemented
with Carotenoproteins and Their Use for Extending Strawberries Postharvest Life. Food Hydrocoll. 2018, 83, 375–392. [CrossRef]

21. Chiumarelli, M.; Hubinger, M.D. Evaluation of Edible Films and Coatings Formulated with Cassava Starch, Glycerol, Carnauba
Wax and Stearic Acid. Food Hydrocoll. 2014, 38, 20–27. [CrossRef]

22. de Oliveira Alves Sena, E.; da Silva, P.S.O.; de Aragão Batista, M.C.; Alonzo Sargent, S.; de Oliveira, L.F.G., Jr.; Almeida Castro
Pagani, A.; Gutierrez Carnelossi, M.A. Calcium Application via Hydrocooling and Edible Coating for the Conservation and
Quality of Cashew Apples. Sci. Hortic. 2019, 256, 108531. [CrossRef]

23. Roussos, P.A.; Efstathios, N.; Intidhar, B.; Denaxa, N.-K.; Tsafouros, A. Plum (Prunus domestica L. and P. salicina Lindl.). In
Nutritional Composition of Fruit Cultivars; Elsevier: Amsterdam, The Netherlands, 2016; pp. 639–666. ISBN 978-0-12-408117-8.

24. Steffens, C.A.; Brackmann, A.; Pinto, J.A.V.; Eisermann, A.C. Taxa Respiratória de Frutas de Clima Temperado. Pesqui. Agropecu.
Bras. 2007, 42, 313–321. [CrossRef]

25. Horwitz, W.; Latimer, G.W. Official Methods of Analysis, 18th ed.; Association of Official Analytical Chemists International:
Gaithersburg, MD, USA, 2006.

26. Martínez, C.; Centro Internacional de Agricultura Tropical. Evaluación de La Calidad Culinaria y Molinera Del Arroz; Serie 04SR-07.01;
Centro Internacional de Agricultura Tropical (CIAT): Cali-Palmira, Columbia, 1989.

27. Gontard, N.; Guilbert, S.; Cuq, J.-L. Edible Wheat Gluten Films: Influence of the Main Process Variables on Film Properties Using
Response Surface Methodology. J. Food Sci. 1992, 57, 190–195. [CrossRef]

28. ASTM. Standard Test Methods for Water Vapor Transmission of Materials. Method E96e80. In Annual Book of American Standard
Testing Methods; American Society for Testing and Materials: West Conshohocken, PA, USA, 1989.

29. Cunniff, P.; Association of Official Analytical Chemists. Official Methods of Analysis of AOAC International; Association of Official
Analytical Chemists: Washington, DC, USA, 1995; ISBN 978-0-935584-54-7.

30. Sims, D.A.; Gamon, J.A. Relationships between Leaf Pigment Content and Spectral Reflectance across a Wide Range of Species,
Leaf Structures and Developmental Stages. Remote Sens. Environ. 2002, 81, 337–354. [CrossRef]

31. Basiak, E.; Lenart, A.; Debeaufort, F. Effect of Starch Type on the Physico-Chemical Properties of Edible Films. Int. J. Biol.
Macromol. 2017, 98, 348–356. [CrossRef]

32. de Oliveira Filho, J.G.; Bezerra, C.C.D.O.N.; Albiero, B.R.; Oldoni, F.C.A.; Miranda, M.; Egea, M.B.; de Azeredo, H.M.C.;
Ferreira, M.D. New Approach in the Development of Edible Films: The Use of Carnauba Wax Micro- or Nanoemulsions in
Arrowroot Starch-Based Films. Food Packag. Shelf Life 2020, 26, 100589. [CrossRef]

33. Sobral, P.J.D.A. Influência Da Espessura de Biofilmes Feitos à Base de Proteínas Miofibrilares Sobre Suas Propriedades Funcionais.
Pesqui. Agropecu. Bras. 2000, 35, 1251–1259. [CrossRef]

34. McHugh, T.H.; Huxsoll, C.C.; Krochta, J.M. Permeability Properties of Fruit Puree Edible Films. J. Food Sci. 1996, 61, 88–91.
[CrossRef]

35. Colussi, R.; Pinto, V.Z.; El Halal, S.L.M.; Biduski, B.; Prietto, L.; Castilhos, D.D.; Zavareze, E.D.R.; Dias, A.R.G. Acetylated Rice
Starches Films with Different Levels of Amylose: Mechanical, Water Vapor Barrier, Thermal, and Biodegradability Properties.
Food Chem. 2017, 221, 1614–1620. [CrossRef] [PubMed]

36. Sarantopoulos, C.I.; de Oliveira, L.M.; Canavesi, É. Requisitos de Conservação de Alimentos em Embalagens Flexíveis; CETEA/ITAL:
Campinas, Brazil, 2001; ISBN 85-7029-037-3.

37. Handa, A.; Gennadios, A.; Hanna, M.A.; Weller, C.L.; Kuroda, N. Physical and Molecular Properties of Egg-White Lipid Films. J.
Food Sci. 1999, 64, 860–864. [CrossRef]

38. Basiak, E.; Lenart, A.; Debeaufort, F. Effects of Carbohydrate/Protein Ratio on the Microstructure and the Barrier and Sorption
Properties of Wheat Starch-Whey Protein Blend Edible Films: Carbohydrate/Protein Ratio and Edible Films. J. Sci. Food Agric.
2017, 97, 858–867. [CrossRef]

39. Sartori, T.; Menegalli, F.C. Development and Characterization of Unripe Banana Starch Films Incorporated with Solid Lipid
Microparticles Containing Ascorbic Acid. Food Hydrocoll. 2016, 55, 210–219. [CrossRef]

40. Park, H.J.; Chinnan, M.S. Gas and Water Vapor Barrier Properties of Edible Films from Protein and Cellulosic Materials. J. Food
Eng. 1995, 25, 497–507. [CrossRef]

41. Narváez-Gómez, G.; Figueroa-Flórez, J.; Salcedo-Mendoza, J.; Pérez-Cervera, C.; Andrade-Pizarro, R. Development and Charac-
terization of Dual-Modified Yam (Dioscorea rotundata) Starch-Based Films. Heliyon 2021, 7, e06644. [CrossRef]

42. Finch, C.A. Modified Starches: Properties and Uses. Edited by O. B.; Wurzburg, CRC Press, Boca Raton, Florida, 1986. pp. vi +
277. ISBN 0-8493-5964-3. Br. Polym. J. 1989, 21, 87–88. [CrossRef]

43. Saberi, B.; Chockchaisawasdee, S.; Golding, J.B.; Scarlett, C.J.; Stathopoulos, C.E. Characterization of Pea Starch-Guar Gum
Biocomposite Edible Films Enriched by Natural Antimicrobial Agents for Active Food Packaging. Food Bioprod. Process. 2017, 105,
51–63. [CrossRef]

44. García, M.A.; Martino, M.N.; Zaritzky, N.E. Plasticized Starch-Based Coatings To Improve Strawberry (Fragaria × Ananassa)
Quality and Stability. J. Agric. Food Chem. 1998, 46, 3758–3767. [CrossRef]

45. Wills, R.B.H.; Graham, D.; McGlasson, B.; Joyce, D. Postharvest: An Introduction to the Physiology & Handling of Fruit, Vegetables &
Ornamentals; UNSW Press: Randwick, Australia, 1998; ISBN 978-0-85199-264-8.

http://doi.org/10.1016/j.foodchem.2019.02.123
http://doi.org/10.1016/j.foodhyd.2018.05.013
http://doi.org/10.1016/j.foodhyd.2013.11.013
http://doi.org/10.1016/j.scienta.2019.05.058
http://doi.org/10.1590/S0100-204X2007000300003
http://doi.org/10.1111/j.1365-2621.1992.tb05453.x
http://doi.org/10.1016/S0034-4257(02)00010-X
http://doi.org/10.1016/j.ijbiomac.2017.01.122
http://doi.org/10.1016/j.fpsl.2020.100589
http://doi.org/10.1590/S0100-204X2000000600022
http://doi.org/10.1111/j.1365-2621.1996.tb14732.x
http://doi.org/10.1016/j.foodchem.2016.10.129
http://www.ncbi.nlm.nih.gov/pubmed/27979137
http://doi.org/10.1111/j.1365-2621.1999.tb15928.x
http://doi.org/10.1002/jsfa.7807
http://doi.org/10.1016/j.foodhyd.2015.11.018
http://doi.org/10.1016/0260-8774(94)00029-9
http://doi.org/10.1016/j.heliyon.2021.e06644
http://doi.org/10.1002/pi.4980210117
http://doi.org/10.1016/j.fbp.2017.06.003
http://doi.org/10.1021/jf980014c


Polysaccharides 2021, 2 386

46. Drake, S.R.; Elfving, D.C. Short-term controlled atmosphere storage for storage-life extension of white-fleshed peaches and
nectarines. J. Food Qual. 2003, 26, 135–147. [CrossRef]

47. Valero, D.; Díaz-Mula, H.M.; Zapata, P.J.; Guillén, F.; Martínez-Romero, D.; Castillo, S.; Serrano, M. Effects of Alginate Edible
Coating on Preserving Fruit Quality in Four Plum Cultivars during Postharvest Storage. Postharvest Biol. Technol. 2013, 77, 1–6.
[CrossRef]

48. Chitarra, M.I.F.; Chitarra, A.B. Pós-Colheita de Frutas e Hortaliças: Fisiologia e Manuseio, 2nd ed.; Editora UFLA: Lavras, Brazil, 2005.
49. Cordenunsi, B.R.; Genovese, M.I.; do Nascimento, J.R.O.; Aymoto Hassimotto, N.M.; dos Santos, R.J.; Lajolo, F.M. Effects of

Temperature on the Chemical Composition and Antioxidant Activity of Three Strawberry Cultivars. Food Chem. 2005, 91, 113–121.
[CrossRef]

http://doi.org/10.1111/j.1745-4557.2003.tb00233.x
http://doi.org/10.1016/j.postharvbio.2012.10.011
http://doi.org/10.1016/j.foodchem.2004.05.054

	Introduction 
	Materials and Methods 
	Materials 
	Film Production 
	Visual Aspect 
	Film Thickness, Water Activity and Moisture Content 
	Solubility in Water 
	Water Vapor Permeability 
	Microstructure of the Film 

	Plums Coating 
	Appearance and Mass Loss 
	Respiratory Rate 
	pH and Soluble Solids 
	Moisture Content 
	Titratable Total Acidity 
	Anthocyanins Content 

	Statistical Analysis 

	Results and Discussions 
	Characterization of Films 
	Plums Coating 

	Conclusions 
	References

