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d Departamento de Biologia, Universidade Federal Rural de Pernambuco, Rua Manuel de Medeiros, 97, Dois
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Abstract

This study compared, for the first time, the postharvest conservative action of edible fungal chitosan
coatings (gel, nanoparticles and gel-nanoparticle) on the physico-chemical, sensorial and microbiological
characteristics of strawberries. The nanoparticles were prepared by an ionic gelation method and char-
acterized by dynamic light scattering and scanning electron microscopy. The antioxidant (DPPH* and
ABTS*) activity of the edible coatings and the antimicrobial (macrodilution method) action against
phytopathogenic fungi were verified. The nanoparticles had a size of 331.1 nm and a zeta potential of
+ 34 mV. The gel, nanoparticles and gel+nanoparticles exhibited minimum inhibitory concentration
values ranging from 4 to 5, 1.5 to 2.5 and 1.0 + 0.5 to 2.0 + 1.5 g.L−1, respectively. All the edible
coatings exhibited antifungal action. All the coatings had high scavenging activity, especially the gel
edible coating. The coatings, especially the gel+nanoparticles, decreased the weight loss, microbiolog-
ical growth, soluble solids, maturity index and moisture loss of the strawberry and preserved the pH
values, anthocyanin content, titratable acidity and sensory characteristics. Therefore, the use of chi-
tosan edible coating containing nanoparticles can be a promising strategy to improve the post-harvest
quality of strawberries.
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1 Introduction

Strawberry (Fragaria × ananassa Duch.) is
a non-climateric fruit cultivated worldwide and
characterized by an attractive taste, flavour
and important nutritional compounds. How-
ever, due to its high respiration rate, exces-
sive soft texture, water loss and microbiolog-
ical decay, strawberries are considered highly
perishable fruit (postharvest life approx. 3-
4 d at 20 oC) (Shahbazi, 2018). So, vari-
ous technologies have been developed for straw-
berry preservation in accordance with the prin-
ciples of green chemistry (Dhital et al., 2017;
Oregel-Zamudio, Angoa-Pérez, Oyoque-Salcedo,
Aguilar-González, & Mena-Violante, 2017).
The application of edible coating has been con-
sidered as an alternative method to prevent fruit
postharvest decay and to extend the storage life,
while retaining the overall quality of different
fresh commodities (Yousuf, Qadri, & Srivastava,
2018). Different biological materials have been
used to prepare packaging materials, especially
chitosan. This polymer is traditionally obtained
from crustacean shells. However, fungi biomass
is a promising eco-friendly alternative for obtain-
ing chitosan because it is not affected by seasonal
factors, can be produced on a large scale with-
out changing the physicochemical characteristics
of the polymer and does not contain any of the
proteins that induce allergic reactions to crus-
taceans (Berger et al., 2018).
Chitosan has received much interest for its appli-
cation in food preservation because of its excel-
lent film-forming ability, antimicrobial and an-
tioxidant activities, biocompatibility, biodegrad-
ability and non-toxicity (Muzzarelli et al., 2012).
Nevertheless, it is believed that the characteris-
tics of edible coatings can be improved by incor-
porating nanostructures into the polymer matrix
(Pilon et al., 2015). According to Eshghi et al.
(2014), nanotechnology could facilitate the de-
velopment of novel packaging materials and non-
polluting, cheaper, and more efficient packaging
techniques.
Unique physicochemical characteristics are con-
sequences of a reduction in particle size and
increasing the surface to particle size ratio in
nanoparticles. Due to the interaction between
nanoparticles and chitosan gel, the chitosan edi-

ble composite coatings are supposed to show en-
hanced antimicrobial activity and barrier prop-
erties to the internal gas atmosphere of the fruit,
which gives better maintenance of the physic-
ochemical and microbiological characteristics of
fresh strawberry (Eshghi et al., 2014).
However, until now, no research has demon-
strated that the use of chitosan nanoparticle
alone in the edible coating is actually a better
fruit preservative than the use of chitosan gel
edible coating or coating composed with gel en-
riched with chitosan nanoparticles. Therefore,
the aim of this research was to compare, for the
first time, the preservative action of three differ-
ent fungal chitosan edible coatings (gel, nanopar-
ticles and gel enriched with nanoparticles) on the
quality of postharvest strawberries during stor-
age time.

2 Materials and Methods

2.1 Materials

Strawberries were purchased from Supplies and
Service Company of Pernambuco (Recife, Brazil)
and selected according to size and colour; they
showed no signs of deterioration or mechanical
damage. The chitosan (KiOnutrime®) was pro-
vided by the Kitozyme® Company (Herstal, Bel-
gium) and it is a fungal chitosan (deacetylation
degree of 86 %, molecular weight of 4 x 103 Da),
extracted from Aspergillus niger mycelium. The
other substances used were obtained from com-
mercial sources.

2.2 Preparation and
characterization of chitosan
nanoparticles

The fungal chitosan nanoparticles (FCN) were
prepared by an ionic gelation method with some
modification (Calvo, RemunanLopez, VilaJato,
& Alonso, 1997). The chitosan (CS) solution, at
a concentration of 2 g.L−1, was prepared by dis-
solving the polymer in 24 mL of pH 4 solution (1
% acetic acid + 1 % NaOH) and stirred for 30
min. The sodium polyphosphate (TPP) solution
was dissolved in deionized water at concentra-
tion of 1 g.L−1. Then, 6 mL of TPP solution
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was gradually dropped (0.2 mL.min−1) into 24
mL of chitosan solution using a peristaltic pump
(Atlas Syringe Pump) under vigorous magnetic
stirring at room temperature. The final ratio of
CS:TPP was 4:1. Once the dropwise addition
was completed, the nanoparticle suspension was
stirred for an additional 1 h.
The morphology and particle size of the FCN
were characterized by scanning electron mi-
croscopy (SEM) (SEM Quanta 200 FEI). The
freeze-dried nanoparticles were mounted on a
specimen stub (with carbon ribbon and silver
ink) (Taab, Berkshire, UK) and the sample was
coated with a 10 nm thick gold film using a sput-
ter coater. Nanoparticle morphology was ob-
served using an electron acceleration voltage of
20 kV. The zeta potential of the nanoparticles
was measured using a Malvern Zetasizer (model
Nano ZS90, Malvern, UK). The analysis was per-
formed at a scattering angle of 90o at 25 oC and
633 nm.
The size of the FCN was analyzed by Dynamic
Light Scattering system (Zetasizer Nano ZS90,
Malvern Instruments, UK) (633 nm, 90o, 25 oC)
(Tsai, Chen, Bai, & Chen, 2011).

2.3 Determination of the
antifungal activity

The three forms of fungal chitosan (nanopar-
ticles, gel and gel enriched with nanoparti-
cles) were used in the broth macrodilution tech-
nique to determine the minimum inhibitory
concentration (MIC) against strawberry phy-
topathogenic fungi (Botrytis cinerea URM 2802,
Rhizopus stolonifera URM 3728 and Aspergillus
niger URM 7282). For this assay, phy-
topathogenic fungi stock cultures were subcul-
tured in Sabouraud agar at 28 oC for 7 days to
allow sufficient sporulation. The fungal spores
were collected in a sterile saline solution (0.85
g.(100 mL)−1 NaCl) in fungal growth medium,
and the suspension was filtered through a ster-
ile triple-gauze layer to retain hyphal fragments.
The number of spores present in the suspension
was determined with a haemocytometer. The
spore concentration obtained was adjusted with
sterile saline solution to provide a fungal inocu-
lum of approximately 106 spores.mL−1 (Vascon-

celos de Oliveira et al., 2014a).
The broth macrodilution technique was per-
formed in triplicate. Initially, 0.5 mL of a sus-
pension of the phytopathogenic fungi was inocu-
lated, separately, into 2 mL of Sabouraud broth
(with the concentration adjusted to 5 mL), and
2.5 mL of the solutions containing different con-
centrations of test substances were added. The
mixture was incubated at 25 oC for 7 days, and
at the end of the incubation period, the lowest
concentration of test substances that exhibited
no visible fungal growth was considered to be the
MIC (Sharma & Tripathi, 2008). This assay was
performed separately for each test substance and
fungi strains.
For this assay, the freeze-dried FCN and the CS
were diluted in a solution of 1 % acetic acid and
pH was adjusted to 5.8 with 1 % NaOH. The so-
lution of 1 % acetic acid with pH adjusted to 5.8
was tested, separately, as a control and exhibited
no inhibitory effects against the phytopathogenic
fungi.

2.4 Comparative antioxidant
activity

The antioxidant activity of the fungal CS
gel, FCN and CS gel enriched with FCN
was evaluated using DPPH (2,2-diphenyl-1-
picrylhydrazyl) free radical scavenging assay
and ABTS (2,2’-azino-bis-3-ethylbenzthiazoline-
6-sulphonic acid) assay.

DPPH radical scavenging ability

The comparative scavenging effect of test sub-
stances on DPPH radicals was measured ac-
cording to the method described by Chen et
al. (2015). 2.5 mL of the solutions of the test
substances at different concentrations (MIC/2,
MIC and 2xMIC) were added into 2.5 mL of
freshly prepared DPPH solution in ethanol (50
g.L−1). The mixture was shaken thoroughly with
a vortex mixer and incubated for 30 min at 33
oC. Then, the absorbance was measured at 517
nm using a UV-vis spectrophotometer (Agilent,
USA). The percentage of DPPH radical scav-
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enged was calculated as follows:

DPPH(%) =

(
1−

(
Aa− Ab

Ac

))
× 100 (1)

where Aa = absorbance of the sample mixed with
DPPH solution, Ab = absorbance of the sample
without DPPH solution and Ac = absorbance of
blank control without sample.

ABTS radical scavenging ability

The analysis of ABTS scavenging activity was
determined according to the method described
by Larrauri, Ruperez, and SauraCalixto (1997).
In this method, ABTS was prepared by mixing
5 mL of ABTS solution (7.9 mM) with 88 µL
of potassium persulfate (K2S2O8) solution (140
mM). This mixture was allowed to stand for 16 h
at room temperature in the dark until reaching
a stable oxidative level. Then, 1 mL of ABTS
solution was diluted in ethanol to given an ab-
sorbance of 0.700 ± 0.05 nm at 734 nm. In a
dark place, 3 mL of ABTS solution was added
to 30 µL of test substances at different concen-
trations (MIC/2, MIC and 2xMIC). After 6 min,
the absorbance was taken at 734 nm using the
spectrophotometer (Agilent, USA). The scaveng-
ing capability of test substances was calculated
using following equation:

ABTS(%) =

(
1−

(
Aa− Ab

Ac

))
× 100 (2)

where Ac=absorbance of a control (blank) lack-
ing any radical scavenger and Aa=absorbance of
the remaining ABTS in the presence of scav-
enger, Ab=absorbance of the sample without
ABTS.

2.5 Preparation and application
of edible coatings on
strawberries

The strawberries were immersed in sodium
hypochlorite (1 %) for 15 min, washed with
potable water and left to dry (2 h). Then, the
strawberries were immersed (1 min) in the coat-
ing solutions and left to dry (30 min) on a nylon
filter to drain the excess liquid (Vasconcelos de

Oliveira et al., 2014a).
The strawberries were divided into five groups.
One group was the negative control (without ed-
ible coating), the other group was the positive
control (fruit coated with glycerol – 2.5 mL.(100
mL)−1) and the other three groups were coated
with CS gel, FCN and CS gel enriched with FCN.
For the formation of the different fungal chitosan
edible coatings, we used the highest MIC value
determined for the strawberries phytopathogenic
fungi. The pure chitosan or lyophilized nanopar-
ticles were diluted in 1 % acetic acid and the pH
was adjusted to 5.8 (Vasconcelos de Oliveira et
al., 2014a).
Each treatment included 40 strawberries that
were stored for 6 days at room temperature (25
± 2 oC) and 12 days at cold temperature (10
± 2 oC) (Shahbazi, 2018). These temperatures
were chosen based on the methodologies used by
Dantas Guerra et al. (2015), dos Santos et al.
(2012), Gol, Patel, and Rao (2013), Vasconce-
los de Oliveira et al. (2014a, 2014b) and Castelo
Branco Melo et al. (2018).

2.6 Physicochemical analysis on
strawberries

The strawberries were evaluated every 3 days for
general quality parameters such as moisture con-
tent, total soluble solids (TSS), titratable acidity
(TA), maturity index (MI), pH and anthocyanin
content. The day of the application of the edible
coatings was considered time zero (day zero) in
the storage period.
The TSS content was determined with a re-
fractometer (Model AUS JENA, Germany), and
the results were expressed as % TSS (AOAC,
932.12). The AT was determined by titrating
with 0.1 mol.L−1 NaOH to pH 8.2, and the re-
sults were expressed as a percentage of citric acid
(AOAC 920.149). The MI was calculated as the
quotient of soluble solids and acidity. The pH
of the fruit samples was assessed using a digital
pH meter (Model: Micronal B474) according to
the standard method described in AOAC (2012)
(AOAC 981.12). The moisture content was de-
termined by dehydration of the fruit (70 oC / 24
h) until the dry weight was obtained, and the
weight losses were expressed as a percentage of
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the intitial weight (AOAC 934.06). The antho-
cyanin content was estimated by the method de-
scribed by Lees and Francis (1972). The results
were expressed in g.L−1.

2.7 Weight loss percentage

The weight loss was considered the difference
between the initial and final weight of coated
and uncoated strawberries. The results were ex-
pressed as the percentage loss from the initial
weight, according to the method described by
Gol et al. (2013).

2.8 Decay rate of strawberries

The strawberries were examined for any microor-
ganism infection during storage. The decay per-
centage of coated and uncoated fruit was calcu-
lated as the number of decayed fruit divided by
the initial number of all strawberries multiplied
by 100 (Castelo Branco Melo et al., 2018).

2.9 Sensory evaluation

The sensory analyses were performed after ap-
proval by an Ethics Research Committee - Cer-
tificate Number: 58937016.3.0000.5208. Un-
coated and coated strawberries at the same con-
centration used in the physicochemical analysis,
were stored at a cold temperature. Sensory at-
tributes of the strawberries were analysed 3 days
after the coating application in a standardized
testing room in the sensory laboratory of the De-
partment of Nutrition located in Federal Univer-
sity of Pernambuco (Brazil).
Each sample was presented simultaneously in
dishes coded with 3-digit random numbers to
each panellist for evaluation three days after the
coating application. The panellists were asked
to drink water and eat a salty biscuit between
samples. In the preference test, the tasters were
asked to choose the most and least appreciated
samples based on their overall evaluation. The
intent to purchase was assessed on a five-point
structure hedonic scale ranging from one (cer-
tainly would not by) to five (certainly would
buy). For the acceptability test, a nine-point
structured hedonic scale was used, ranging from

one (dislike very much) to nine (like very much)
(Castelo Branco Melo et al., 2018).

2.10 Sensory evaluation

All data were analysed by analysis of variance
(ANOVA) using Origin 8.0 software. ANOVA
was followed by a post hoc Tukey’s test. This
test was performed to determine differences (p <
0.05) between the results.

3 Results and discussion

3.1 Characterization of FCN

The Figure 1 shows that FCN presented 331.1 ±
7.21 nm. Based on previous studies, this particle
size contributes to the performance of FCN as
antifungal agent. This effect can be seen in the
research of Saharan et al. (2015) and Xing et al.
(2016), which produced particles with an aver-
age size of 374.3 nm and 296.96 nm, respectively,
for use as an antimicrobial agent against phy-
topathogenic fungi. According to MubarakAli et
al. (2018), chitosan nanoparticles present anti-
fungal activity due to their large surface area. It
allows them to fix on a large number of fungi,
which contributes to their use as an edible coat-
ing.
FCN also had a narrow size distribution with
a polydispersity index of 0.377. Generally, the
use of low molecular weight chitosan produces
small and uniform nanoparticles (Paomephan et
al., 2018), as was seen in our FCN. According
to Saharan et al. (2015), this size uniformity
also contributes to the antifungal activity of chi-
tosan nanoparticles. Therefore, the particles pro-
duced in the present research exhibited an aver-
age size which contributed to the antifungal ac-
tivity and consequently to the ability of these
particles to preserve the quality of postharvest
fruit as an edible coating. Furthermore, the FCN
produced, according to Severino et al. (2012),
will not be absorbed by the human intestinal ep-
ithelium when people eat a fruit with an edible
coating containing FCN. These authors reported
that particles > 300 nm are not absorbed by the
human intestinal epithelium.
The morphological characterization of FCN by
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the SEM confirmed the uniform spherical shape
of the particles (Fig. 1). However, SEM analy-
sis showed the formation of aggregates between
the particles. Fan, Yan, Xu, and Ni (2012) re-
ported that the formation of these aggregates is
caused by the hydrogen bonds between the par-
ticles formed during the drying process of the
sample for SEM analysis.
The FCN observed by SEM exhibited a smaller
size than the size of FCN analyzed by dynamic
light scattering. It could have occurred because
the DLS technique observes the state of the sam-
ple in the presence of solvent associated with the
particles, while SEM gives the size of the parti-
cles in dry form (Kiilll et al., 2017).
The zeta potential of FCN was + 34 mV, which
meant that these nanoparticles could be stable
for a long time. This is in agreement with the re-
sults of Sullivan et al. (2018) who reported that
when chitosan and TPP are mixed with each
other, they spontaneously formed complexes
with an overall positive surface charge. Accord-
ing to Yien, Zin, Sarwar, and Katas (2012),
nanoparticles with a surface charge greater than
+ 30 mV are more stable. Furthermore, Saha-
ran et al. (2015) reported that particles with a
positive surface charge exhibit a higher affinity
towards biological membranes in an aqueous en-
vironment and, therefore, more antifungal activ-
ity.

3.2 Determination of the
antifungal activity

The MIC results are shown in Table 1. These
results were in agreement with Verlee, Mincke,
and Stevens (2017) who showed that the MIC
values of chitosan against fungi ranges from 0.01
g.L−1 to 7.75 g.L−1. Furthermore, the MIC val-
ues found in our research were lower than the
values found by dos Santos et al. (2012) and Dan-
tas Guerra et al. (2015) when they analysed the
MIC values of chitosan from shrimp against A.
niger, B. cinerea and R. stolonifera. However,
the different MIC values found in our research
could not be related to microbiological origin of
the chitosan used. Vasconcelos de Oliveira et
al. (2014a) and Vasconcelos de Oliveira et al.
(2014b) also used fungal chitosan against phy-

topathogenic fungi and found MIC = 15 g.L−1

for B. cinerea and MIC = 7.5 g.L−1 for A. niger
and R. stolonifera. It was suggested that the dif-
ference between the chitosan MIC values against
the same species of fungi could be related to the
physicochemical characteristics of the polymer,
such as the degree of deacetylation and molecu-
lar weight (Verlee et al., 2017).
According to Badawy and Rabea (2011), low
molecular weight chitosan presents a better anti-
fungal activity. This occurs due to the ability of
this polymer to penetrate in the fungal cell wall.
This suggests that the main target of action of
the low molecular weight chitosan is the plasma
membrane of the fungi (Park et al., 2008). The
fungal chitosan used in the present research had
a low molecular weight, which could have con-
tributed to the high antifungal activity and low
MIC values.
In addition, Kong, Chen, Xing, and Park (2010)
reported that the chitosan presents a polyca-
tionic structure due to the presence of amino
groups in the polymer chain. These groups give
the polymer a high density of positive charges
that could be measured by the degree of deacety-
lation. Therefore, a chitosan with a high degree
of deacetylation exhibited better electrostatic in-
teraction with the fungal cell wall. In general, the
antifungal activity increases when the degree of
deacetylation is higher and the molecular weight
is lower (Verlee et al., 2017).
Despite the discrepancies between the physico-
chemical characteristics of chitosan, it is known
that chitosan can affect the fungal cell mem-
brane via electrostatic interactions with the neg-
atively charged phospholipids. Once the cell
membrane is disrupted, chitosan is capable of en-
tering the cell. This could lead to inhibition of
DNA/RNA synthesis and disruption of protein
synthesis (Ma, Garrido-Maestu, & Jeong, 2017).
FCN improved the antifungal activity when com-
pared to CS gel. According to Kheiri, Jorf, Mal-
ihipour, Saremi, and Nikkhah (2016), chitosan
nanoparticles exhibit higher antifungal activity
than CS gel on account of the special character-
istics (size and surface charge) of these particles.
The negatively charged surface of the fungal cell
is the target site of the polycation. Therefore,
the polycationic FCN with higher surface charge
density interacts with the fungus to a greater de-
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Figure 1: Zeta potential (a), average size distribution (b) and SEM image (c) of fungal chitosan nanopar-
ticles

gree than CS itself (Kheiri et al., 2016). Due
to the larger surface area of the nanoparticles,
FCN could be tightly adsorbed onto the surface
of the fungal cells so as to disrupt the membrane,
which would lead to the leakage of cellular con-
tents, thus killing the fungal cells (Garcia-Rincon
et al., 2010). Chitosan nanoparticles penetrate
into fungal cells and tightly bind nucleic acids via
electrostatic interaction between cationic FCN
and anionic DNA. This suggests that they may
cause a variety of damage and selective inhibition
such as inactivation of the synthesis of essential
mRNA encoded by various genes required for im-
portant metabolic and infectious processes of the
microorganism (Yien et al., 2012).
The MIC values for A. niger were higher than
the values found for the other fungi for all test
substances. Yien et al. (2012) found a similar
result. This fungus, in particular, was found to
be highly resistant to chitosan, because A. niger
contains 10 % of chitin in the cell wall, and fungi
that have chitosan as one of their cell wall com-
ponents are more resistant to externally applied
chitosan and consequently more resistant to chi-
tosan nanoparticles (Allan, Allan, & Hadwiger,
1979).
When the CS gel was enriched with FCN an im-
provement was observed in the antifungal activ-

ity. The mixture of the gel with FCN presented
the best inhibitory effect against the strawberry
phytopathogenic fungi. This suggests that when
the gel and nanoparticles were together, they im-
proved their individual antifungal activity. Ac-
cording to Lee, Song, and Lee (2010), when chi-
tosan nanoparticles are well-dispersed in the so-
lution they are more efficiently transported to
the cell wall, which causes metabolic disorders
and leads to increased antimicrobial activity.

3.3 Antioxidant activity

As is shown in Figure 2a, the test substances
showed strong activity to scavenging the DPPH
free radicals in a dose-dependent manner. Sim-
ilar results were found by Chen et al. (2015)
and MubarakAli et al. (2018). The same be-
haviour was found in the ABTS assay (Fig. 2b).
DPPH radicals are less reactive than ABTS rad-
icals. Unlike the reactions with DPPH radicals,
which involve H-ion transfer, the reactions with
ABTS radicals involve an electron-transfer pro-
cess (Chen et al., 2015).
In DPPH assay, any test substance at the con-
centration of MIC/2 showed no scavenging ef-
fect. The scavenging effect occurred only when
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Table 1: Antifungal activity of chitosan gel (CS gel), fungal chitosan nanoparticles (FCN) and gel
enriched with nanoparticles (CS Gel + FCN) against strawberry phytopathogenic fungi.

Test Substance Phytopathogenic fungi
R. stolonifer (URM 3728) B. cinerea(URM 2802) A. niger (URM 7282)

g.L−1 g.L−1 g.L−1

CS gel 4.0 4.0 5.0
FCN 1.5 1.5 2.5
CS gel + FCN 1.0 + 0.5 1.0 + 0.5 2.0 + 1.5

Note: Values represent the mean of three replicates.
The standard deviation was zero for all mean values.

the test substances were used at the MIC and
2MIC concentrations. However, at a low concen-
tration (CIM/2), the scavenging ability of the
test substances on ABTS was stronger than with
DPPH radicals.
The scavenging ability of CS gel on DPPH and
ABTS was stronger than FCN and CS gel en-
riched with FCN. It may have been due to the
presence of the amino groups in the CS chain
(Siripatrawan & Harte, 2010). According to Yen,
Yang, and Mau (2008), the scavenging mech-
anism of chitosan is related to the fact that
free radicals can react with the residual free
amino (NH2) groups to form a stable macro-
molecule radical, and the NH2 can form am-
monium (NH+

3 ) groups by absorbing a hydrogen
ion from the solution. Therefore, chitosan with
higher degree of deacetylation will probably ex-
hibit a strong antioxidant activity.
The FCN presented the lowest antioxidant ac-
tivity for both tests. This could be due to the
lower number of free amino groups present in the
nanoparticles. During the ionic gelation method,
the process of the nanoparticles synthesis, the
amino groups of the chitosan chain bind to TPP
to form the FCN (Bugnicourt, Alcouffe, & La-
davière, 2014). Therefore, the fungal chitosan
nanoparticles have fewer free NH2 groups than
CS gel. It contributed to the lower FCN antiox-
idant activity, because these free amino groups
are responsible for binding to free radicals.
It is important to note that the MIC concentra-
tions of FCN (2.5 g.L−1) is half of the MIC con-
centration of CS gel (5 g.L−1). This suggests that
the FCN had a lower antioxidant activity than

the CS gel not only due to the smaller number
of free amino groups, but also to its lower MIC
value that were used in the DPPH and ABTS
assays.
However, when FCN was dispersed in the CS gel
an improvement in their scavenging ability oc-
cured. It could be seen in the ABTS assay when
the CS gel and CS gel enriched with FCN was
tested in 2MIC concentration. These substances
exhibited similar scavenging effect at this con-
centration (p > 0.05). This result suggested that
when CS gel was mixed with FCN was an in-
crease not only their antifungal activity, but also
an improvment in the antioxidant activity of this
mixture.

3.4 Effects on physicochemical
characteristics of strawberries

The physicochemical changes in uncoated and
coated strawberries were evaluated throughout
storage at room temperature and under refrigera-
tion for 6 and 12 days, respectively (Tables 2 and
3). According to Oregel-Zamudio et al. (2017),
the soluble solids content during the ripening of
strawberries should range from 4.6 % to 11.9 %.
In the present research, all fruit samples pre-
sented soluble solids content in the range recom-
mended. However, at the end of the storage pe-
riod at both temperatures, the control sample ex-
hibited significantly higher soluble solids content
(p < 0.05) than the chitosan-based edible coat-
ings. This result suggested that the control fruit
continued to have active metabolism, which con-
tributed to the conversion of the starch to acid
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Table 2: Mean values of physicochemical quality parameters in strawberries stored at room temperature
for 6 days in the absence of edible coating (control) and with glycerol, chitosan gel (CS Gel), fungal
chitosan nanoparticles (FCN) and chitosan gel enriched with fungal chitosan nanoparticles (Gel + FCN).

Treatments
Days of storage

0 3 6

Soluble solids (%)
Control 8.00(±0.02)Aa 8.27(±0.23)Aa 8.27(±0.23)Aa

Glycerol 8.20(±0.02)Aa 7.20(±0.00)Bb 8.10(±0.00)Aa

CS Gel 8.46(±0.58)Aa 7.17(±0.06)Bb 7.20(±0.00)Bb

FCN 8.13(±0.12)Aa 7.20(±0.00)Bb 6.93(±0.46)Bb

Gel + FCN 8.03(±0.06)Aa 7.20(±0.00)Bb 7.20(±0.00)Bb

Titratable acidity (% citric acid)
Control 1.15(±0.01)Aa 0.88(±1.13)Ab 1.04(±0.02)Aa

Glycerol 1.07(±0.08)Aab 1.16(±0.05)Aa 1.18(±0.02)Aa

CS Gel 1.00(±0.01)Bab 1.06(±0.01)Aab 1.10(±0.01)Aa

FCN 1.06(±0.00)Bab 1.18(±0.03)Aa 1.12(±0.04)ABa

Gel + FCN 0.98(±0.01)Ab 1.11(±0.03)Aab 1.18(±.11)Aa

Maturity index
Control 7.04(±0.04)Aa 9.38(±1.04)Aa 8.12(±0.16)Aa

Glycerol 7.59(±0.74)Aa 6.24(±0.26)Ab 6.89(±0.13)Aab

CS Gel 8.29(±0.59)Aa 6.82(±0.04)Bb 6.54(±0.08)Bb

FCN 7.64(±0.13)Aa 6.10(±0.14)Bb 6.03(±0.32)Bb

Gel + FCN 8.20(±0.06)Aa 6.48(±0.16)Bb 6.12(±0.59)Bb

pH
Control 3.58(±0.02)Aa 3.49(±0.02)Bb 3.05(±0.00)Cb

Glycerol 3.41(±0.01)Ac 3.42(±0.02)Ac 3.06(±0.08)Bb

CS Gel 3.49(±0.01)Ab 3.52(±0.02)Ab 3.45(±0.01)Bab

FCN 3.51(±0.01)Ab 3.41(±0;01)Ac 3.76(±0.57)Aa

Gel + FCN 3.50(±0.01)Bb 3.58(±0.01)Aa 3.39(±0.02)Cab

Moisture (%)
Control 94.69(±0.42)Aa 91.69(±0.00)Aa 88.22(±4.76)Aa

Glycerol 94.34(±0.42)Aa 92.62(±0.30)Ba 91.66(±0.15)Ca

CS Gel 93.94(±0.09)Aa 92.55(±0.14)Ba 92.12(±0.08)Ba

FCN 94.58(±0.21)Aa 92.14(±0.43)Ba 90.54(±0.23)Ca

Gel + FCN 94.31(±0.13)Aa 92.00(±0.47)Ba 91.40(±0.30)Ba

Anthocyanin (g.L−1)
Control 29.13(±0.02)Ac 25.97(±0.01)Cc 26.30(±0.03)Ba

Glycerol 37.04(±0.02)Aa 27.71(±0.08)Bb 25.02(±0.04)Cb

CS Gel 28.41(±0.05)Ad 23.98(±0.06)Be 23.51(±0.01)Cc

FCN 32.49(±0.01)Ab 25.66(±0.08)Bd 21.60(±0.01)Cd

Gel + FCN 26.00(±0.04)Be 28.72(±0.17)Aa 21.14(±0.05)Ce

Note: The storage time Day 0 represents the day of application of the
edible coatings. Values represent the mean of three replicates with
their standard error (±SD). A−CFor each trial, different superscript
lowercase letters within a row denote significant differences (p < 0.05)
between the mean values according to Tukey’s test. a−e Different
superscript capital letters in the same column denote significant
differences (p < 0.05) between the mean values according to Tukey’s test
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Table 3: Mean values of physicochemical quality parameters in strawberries stored at cold temperature
for 12 days in the absence of edible coating (control) and with glycerol, chitosan gel (CS Gel), fungal
chitosan nanoparticles (FCN) and chitosan gel enriched with fungal chitosan nanoparticles (Gel+FCN).

Treatments
Days of storage

0 3 6 9 12

Soluble solids (%)
Control 8.07(±0.12)Bb 8.13(±0.06)Ba 8.27(±0.23)Ba 8.53(±0.46)Ba 9.60(±0.00)Aa

Glycerol 8.47(±0.23)Aa 8.03(±0.06)Aab 8.13(±0.23)Aa 8.53(±0.46)Aa 8.67(±0.23)Ab

CS Gel 8.00(±0.00)Ab 8.00(±0.00)Ab 8.00(±0.00)Aa 8.27(±0.23)Aa 8.40(±0.04)Ab

FCN 8.07(±0.12)Bb 8.03(±0.06)Bab 8.00(±0.00)Ba 8.00(±0.00)Ba 8.40(±0.00)Ab

Gel + FCN 8.00(±0.00)Ab 8.00(±0.00)Ab 8.00(±0.00)Aa 8.00(±0.00)Aa 8.27(±0.23)Ab

Titratable acidity (% citric acid)
Control 1.06(±0.01)Aa 1.04(±0.02)Aa 1.11(±0.08)Aa 1.06(±0.11)Aa 1.14(±0.02)Aa

Glycerol 1.18(±0.01)Aa 0.89(±0.42)Ba 1.02(±0.06)ABab 0.94(±0.01)Ba 1.14(±0.05)Aa

CS Gel 1.10(±0.01)Aa 1.00(±0.01)Aba 0.92(±0.01)Bb 0.93(±0.04)Ba 1.08(±0.02)Aab

FCN 0.97(±0.00)Aa 0.78(±0.23)Aa 1.02(±0.02)Aab 1.10(±0.06)Aa 1.08(±0.01)Aab

Gel + FCN 1.02(±0.15)Aa 1.00(±0.00)Aa 1.03(±0.00)Aab 1.05(±0.03)Aa 1.01(±0.00)Ab

Maturity index
Control 7.58(±0.05)Aa 7.69(±0.24)Aa 7.39(±0.31)Ab 8.34(±0.89)Aa 8.38(±0.16)Aa

Glycerol 7.14(±0.20)Ba 9.00(±0.43)Aa 8.00(±0.22)ABab 8.98(±0.67)Aa 7.76(±0.34)ABa

CS Gel 7.30(±0.04)Ba 8.02(±0.57)ABa 8.74(±0.07)Aa 8.78(±0.04)Aa 7.55(±0.11)Ba

FCN 8.24(±0.00)Aa 8.08(±0.76)Aa 7.80(±0.16)Ab 7.28(±0.37)Aa 7.74(±0.05)Aa

Gel + FCN 7.96(±1.17)Aa 8.00(±0.00)Aa 7.76(±0.00)Ab 7.62(±0.20)Aa 8.12(±0.28)Aa

pH
Control 3.45(±0.01)Ab 3.47(±0.01)Ab 3.30(±0.07)Bc 3.32(±0.00)Bc 3.33(±0.00)Bd

Glycerol 3.41(±0.01)Cc 3.50(±0.01)Aa 3.36(±0.00)Bbc 3.37(±0.01)Bc 3.37(±0.01)Bcd

CS Gel 3.46(±0.01)Cb 3.50(±0.00)BCa 3.52(±0.01)Ba 3.57(±0.00)Aa 3.54(±0.00)ABa

FCN 3.51(±0.00)Aa 3.41(±0.00)Bc 3.38(±0.00)CDbc 3.37(±0.00)Dc 3.39(±0.01)Cc

Gel + FCN 3.44(±0.01)Ab 3.46(±0.01)Ab 3.43(±0.02)Aab 3.45(±0.04)Ab 3.44(±0.01)Ab

Moisture (%)
Control 91.46(±0.06)Ba 91.27(±0.47)Ba 91.48(±0.09)Bb 91.88(±0.13)Ba 92.86(±0.17)Ab

Glycerol 90.94(±0.85)Aa 92.38(±0.48)Aa 92.80(±0.12)Aa 91.65(±0.74)Aa 92.91(±0.11)Ab

CS Gel 91.06(±0.12)Ba 91.48(±0.11)Ba 92.65(±0.17)Aa 92.49(±0.21)Aa 92.91(±0.08)Ab

FCN 90.78(±0.18)Da 91.31(±0.08)CDa 92.13(±0.28)ABab 91.60(±0.18)BCa 92.66(±0.15)Ab

Gel + FCN 92.08(±0.01)Ca 92.44(±0.04)BCa 92.98(±0.37)ABa 92.42(±0.01)BCa 93.42(±0.11)Aa

Anthocyanin (g.L−1)

Control 28.60(±0.00)Ac 28.23(±0.03)Ab 25.98(±0.01)Bab 23.62(±0.01)Cc 22.71(±0.31)Db

Glycerol 39.88(±0.03)Aa 31.69(±0.58)Ba 24.87(±1.17)Cb 19.97(±0.04)De 21.05(±0.06)Dc

CS Gel 30.01(±0.16)Ab 24.54(±0.02)Ed 26.43(±0.02)Da 28.11(±0.03)Ba 27.64(±0.00)Ca

FCN 27.53(±0.00)Ad 26.68(±0.20)Bc 22.52(±0.00)Cc 21.89(±0.04)Dd 22.50(±0.02)Cb

Gel + FCN 22.40(±0.01)De 25.31(±0.24)Bd 25.68(±0.01)Aab 24.51(±0.01)Cb 22.51(±0.01)Db

Note: The storage time Day 0 represents the day of application of the edible coatings. Values represent the
mean of three replicates with their standard error (±SD). A−EFor each trial, different superscript lowercase
letters within a row denote significant differences (p < 0.05) between the mean values according to Tukey’s
test. a−eDifferent superscript capital letters in the same column denote significant differences (p < 0.05)
between the mean values according to Tukey’s test.
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Figure 2: Scavenging effect of CS gel (�), FCN (•) and CS gel + FCN (N) towards DPPH (a) and ABTS
(b) radicals.

and sugar, thereby increasing the soluble solids
content (Cao, Guan, Dai, Li, & Zhang, 2015).
Coated strawberries presented lower values of
soluble solids at the end of storage because chi-
tosan modified the internal atmosphere of the
fruit, reducing the O2 and increasing CO2. It
could have reduced the respiration rate and the
metabolic activity of the fruit, which also re-
duced the conversion of sugars into CO2 and wa-
ter (Ghasemnezhad, Nezhad, & Gerailoo, 2011).
There was no significant difference (p > 0.05) in
the soluble solids content of the samples coated
with edible chitosan-based coatings. Therefore,
this result suggested that the capacity of chitosan
to maintain the soluble solids content of straw-
berries was independent of the form of the poly-
mer that was applied (gel or nanoparticles).
The titratable acidity values of the strawber-
ries with and without edible coatings were main-
tained during the storage period at room temper-
ature. According to Gol et al. (2013), the titrat-
able acidity is directly related to the amount
of organic acids present in the fruit and in the
strawberry the main acids are citric and malic.
A reduction in the fruit acidity could occur due to
changes in fruit metabolism or the use of organic
acids in the respiratory process (Hajji, Younes,

Affes, Boufi, & Nasri, 2018). The edible coatings
reduce the fruit respiration rate that delays the
use of organic acids which maintains titratable
acid values during storage (Yaman & Bayoindirli,
2002).
The strawberries stored at the cold temperature
also maintained titratable acidity values in rela-
tion to day 0. However, on day 12, the straw-
berries coated with the gel+FCN differed sig-
nificantly (p < 0.05) from the control sample
and presented the lowest titratable acidity value.
This could be related to the low values of titrat-
able acidity that this strawberry sample already
had from the beginning of the analysis. In this
case, the edible coating only maintained these
values, which showed that the gel+FCN was able
to retard the metabolism of the fruit, and conse-
quently decreased the consumption of the organic
acids, so maintaining the titratable acidity.
The strawberries with the edible coatings and
stored at room temperature decreased their mat-
uration index from the third day of storage. In
addition, at the same temperature, the coated
samples differed significantly (p < 0.05) at the
end of the storage period when compared to the
control sample.
The increase in maturity index during storage is
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associated with the progression of the fruit ripen-
ing process (Perdones, Sanchez-Gonzalez, Chi-
ralt, & Vargas, 2012). The low values of the
maturity index in the coated samples showed the
capacity of the edible chitosan based coatings to
delay the metabolic activity of the strawberries.
However, in cold storage, at in the end of the
storage period, the maturity index of the straw-
berries with and without coatings did not differ
significantly (p > 0.05). According to Valenzuela
et al. (2015), this increase in the maturity index
during the final storage period is a result of the
fruit senescence process.
Strawberries coated with FCN and gel + FCN
kept the maturity index constant, which reflected
the delay of fruit senescence. Otherwise, straw-
berries coated with glycerol and CS gel showed
an increase in their maturation index.
The anthocyanin content can also reflect the de-
lay of fruit senescence. At the end of storage, all
samples showed a decrease (p < 0.05) in the an-
thocyanin content. However, on the last day of
storage, at room temperature the control sam-
ple had the highest anthocyanin content (p <
0.05). The edible coatings formed a barrier be-
tween the fruit and the environment, which mod-
ified the concentrations of CO2 and O2 in the
fruit affecting the synthesis and degradation of
anthocyanin. The greatest accumulation of an-
thocyanin in the control sample may have been
related to its advanced maturation, which in-
cludes the synthesis of this pigment from glucose
(Meng, Li, Liu, & Tian, 2008).
However, anthocyanin, the pigment responsi-
ble for the red colour of strawberries, affects
the sensory quality and health benefits of this
fruit (Velde, Tarola, Güemes, & Pirovani, 2013).
Therefore, low values of this pigment can af-
fect the sensorial acceptability of the fruit. At
cold temperatures, the strawberries coated with
gel+FCN maintained their anthocyanin content
(first and last day of storage) and indirectly the
sensorial quality of the fruit.
Furthermore, there was a decrease in the pH of
the samples. According to Famiani, Battistelli,
Moscatello, Cruz-Castillo, and Walker (2015), in
the pulp of many fruits during maturation there
is an increase of organic acids. It has been shown
that the main organic acid accumulated in ripe
strawberries is citric acid (Famiani et al., 2005),

which may be involved in the decrease of the pH
observed in the samples analyzed.
The strawberries coated with FCN and gel+FCN
and stored at room temperature and at cold tem-
peratures, respectively, were the only ones that
did not present a significant difference (p > 0.05)
in the pH values during all the evaluated days,
suggesting a delay in the senescence of these
samples. It is important to note that only the
coatings that had chitosan nanoparticles in their
composition (alone or mixed with the gel) were
able to maintain pH values and delay the senes-
cence of fruits. Therefore, when chitosan is in
nanoparticle form, it is possible that it potenti-
ates its protective effects contributing to the con-
servation of the physical-chemical parameters of
the fruits (Castelo Branco Melo et al., 2018).
The percentage of moisture in the strawberries
showed that, at the end of the storage period at
room temperature, the moisture content of the
samples did not differ significantly (p > 0.05).
The same behaviour was found in the fruit stored
at the cold temperature. The only exception was
the strawberries coated with gel+FCN, which
presented the highest moisture content on the
12th day that differed significantly (p < 0.05)
from all other samples. Therefore, the storage
temperature did not influence in the moisture
percentage of the strawberries. Castelo Branco
Melo et al. (2018) suggests that the longer stor-
age time of the fruits at refrigeration temperature
(12 days) in relation to fruits stored at room tem-
perature (6 days) may also favour an advance in
fruit metabolism which contributes to a higher
loss of moisture.
The gel + FCN coating applied to strawberries
stored in refrigeration showed that the associa-
tion of these two forms of chitosan could signif-
icantly improve the barrier properties of an edi-
ble coating. According to Amarante, Banks, and
Ganesh (2001), gas exchanges between the fruit
and the environment occur through open pores
and the high permeability of the skin fruit. The
chitosan coatings act as a barrier between the
fruit and the environment, thus avoiding the loss
of moisture (Guerreiro, Gago, Faleiro, Miguel,
& Antunes, 2015). When we added nanoparti-
cles to this type of coating, we created a double
blocking effect - the barrier formed by the CS gel
and FCN blocked the pores present in the straw-
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berries (Castelo Branco Melo et al., 2018).
In addition, it is important to note that the con-
centration of the gel and the nanoparticles (2
g.L−1 + 1 g.L−1) in the coating made by the
mixture was much lower than the concentration
used in the coating made only with the CS gel
(5 g.L−1) and only with FCN (2.5 g.L−1). It
showed that the two forms of chitosan presented
a potentiation of their barrier properties when
together, even in low concentrations.

3.5 Weight loss

The samples stored at room temperature had
high weight loss and there was no statistically
significant difference (p >0.05) between the re-
sults of these samples (Fig. 3a). According
to Garcia, Medina, and Olias (1998), the max-
imum commercially acceptable limit for straw-
berries weight loss is 6 %. In our research, all
samples stored at room temperature exhibited
weight loss percentages higher than the accept-
able limit. Any edible coating was able to pre-
vent significant weight loss at room temperature.
This could have occurred due to the storage tem-
perature, since the cold temperature decreased
the weight loss of the strawberries by about 15
times when compared to the room temperature.
Ventura-Aguilar, Bautista-Banos, Flores-Garcia,
and Zavaleta-Avejar (2018) also found a similar
decrease when they applied chitosan coatings and
cinnamon extract on strawberries stored at cold
temperatures.
Fruit weight loss is associated with the fruit res-
piration and evaporation processes. Therefore,
at high temperatures, there is an increase in the
respiratory rate of the fruit, associated with a
loss of moisture and weight (Ali, Noh, & Mustafa,
2015). So, the weight loss was more intense in
samples stored at room temperature than at the
cold temperature. A similar result was found by
Castelo Branco Melo et al. (2018), who used CS
gel enriched with FCN edible coatings to preserve
table grapes.
According to Khalifa, Barakat, El-Mansy, and
Soliman (2016), chitosan is able to decrease
weight loss in fruit due to its filmogenic property.
This polymer acts as a barrier to water vapour
and the gaseous exchanges between the fruit and

the external environment. At cold tempera-
tures, the strawberries coated with CS gel did
not present a statistically significant difference (p
> 0.05) when compared to the fruit coated with
FCN or CS gel enriched with FCN. Kaewklin,
Siripatrawan, Suwanagul, and Lee (2018), ana-
lyzed the weight loss of tomatoes coated with CS
film and chitosan-titanium dioxide nanocompos-
ite film and also reported that there was no sta-
tistically significant difference (p > 0.05) in the
weight loss between the tomatoes coated with the
CS nanocomposite and CS alone.
Therefore, the prevention of weight loss is more
related to the formation of the external barrier
produced by the edible coating than the form of
the polymer present in this coating. However, all
strawberries with the edible coatings produced in
the present research and stored at cold tempera-
tures had a commercially acceptable weight loss
according to the limit defined by Garcia et al.
(1998).

3.6 Decay rate

The lowest percentage of decay was found in
strawberries coated with FCN alone or FCN as-
sociated with CS gel (Fig. 3b). These strawberry
samples differed statistically (p < 0.05) from the
control samples at both temperatures. Other-
wise, the fruit coated with CS gel did not statis-
tically differ (p > 0.05) from the control fruit at
any temperature analyzed. This suggested that
there was an improvement in the conservative
action of chitosan when this polymer is in the
nanoparticle form.
According to Hajji et al. (2018), chitosan plays a
dual function by interfering directly in the fun-
gal growth through the hydrolysis of chitin (im-
portant cellular component of the fungus) and
activating many biological processes in plant tis-
sues. Furthermore, the antimicrobial activity of
this polymer is related to its ability to induce
severe cellular damage to the molds and to inter-
fere in the polygalacturonases secretion of fruit
(Velickova, Winkelhausen, Kuzmanova, Alves, &
Moldao-Martins, 2013).
The edible coating itself is another factor that
contributes to a lower percentage of visible infec-
tion in fruits, since it acts as a barrier that pre-
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Figure 3: The weight loss (a) and the decay rate (b) of strawberries after 6 and 12 days of room and
cold stored temperatures, respectively.

Note: Values represent the mean of three replicates with their standard error (±SD). a–c Different
superscript lowercase letters at the same temperature denote significant differences (p< 0.05) between the
mean values according to Tukey’s test. A–B Different superscript capital letters between the temperatures
denote significant differences (p < 0.05) between the mean values according to Tukey’s test.
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Figure 4: The appearance of uncoated and coated strawberries after 6 and 12 days of room and cold
stored temperatures, respectively

vents the contact of the strawberry with external
microorganisms (Hajji et al., 2018). The edible
coatings also act by retarding the senescence of
fruits and the resistance to fungal infections can
be improved by the delay in senescence (Gol et
al., 2013).
A significant decrease (p< 0.05) in the decay rate
was observed when FCN coating was applied to
the strawberries stored at cold temperatures in
relation to strawberries with this same type of
coating, but stored at room temperatures (Fig.
4). Similar to the results found in the present
research, Castelo Branco Melo et al. (2018) also
observed that at cold temperatures the conser-
vative action of the chitosan nanoparticles edi-
ble coating is improved. Low temperature stor-
age slows the physiological processes in fruit and
pathogens have weaker pathogenicity, and this
reduces the incidence of decay compared to fruit
stored at room temperature, which decay rapidly
(Meng et al., 2008). Therefore, the present re-
search confirms the idea that the use of chitosan
with nanoparticles enhances its conservative ac-
tion on fruits, especially on strawberries. This
action could be more effective when the fruit is

stored at low temperatures.

3.7 Sensory evaluation

Changes in sensory attributes are presented in
Table 4. Uncoated fruit received the highest
scores for all analyzed attributes when compared
to coated fruit. However, there were no signifi-
cant differences (p > 0.05) between the control,
CS gel and FCN samples in relation to the straw-
berry colour, taste, flavour, firmness and over-
all evaluation. It could be suggested that the
form of the chitosan polymer (gel or nanoparti-
cles) did not influence in the sensory quality of
the strawberries. According to Vargas, Albors,
Chiralt, and Gonzalez-Martinez (2006), chitosan
could show an astringent taste due to its disso-
lution in an acidic medium, but this was not ob-
served in the strawberries coated with CS gel and
FCN, since the sensory analysis was performed
on the third day of storage. This result is in
agreement with the results reported by Velick-
ova et al. (2013) and Castelo Branco Melo et al.
(2018).
It is important to note that the edible coating
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Table 4: Mean sensory scores for uncoated (control) fruit and fruit coated with glycerol, chitosan gel
(CS gel), fungal chitosan nanoparticles (FCN), and gel enriched with fungal chitosan nanoparticles (Gel
+ FCN) stored at cold temperature.

Attributes Control Glycerol CS Gel FCN Gel + FCN

Appearance 7.81(±1.51)a 6.61(±1.79)c 6.94(±1.91)bc 7.52(±1.44)ab 6.94(±1.75)bc

Colour 7.87(±1.46)a 6.95(±1.66)c 7.30(±1.71)abc 7.64(±1.44)ab 7.07(±1.75)bc

Flavour 7.50(±1.55)a 6.95(±1.70)ab 7.22(±1.55)ab 7.20(±1.56)ab 6.78(±1.66)b

Firmness 8.04(±1.04)a 7.64(±1.43)a 7.52(±1.41)a 7.70(±1.49)a 7.59(±1.37)a

Taste 7.61(±1.80)a 6.86(±1.75)b 7.51(±1.53)ab 7.58(±1.70)a 6.85(±1.94)b

Overall evaluation 7.77(±1.46)a 7.02(±1.48)b 7.43(±1.42)ab 7.68(±1.47)a 6.85(±1.71)b

Note: Sensory attributes were evaluated by one hundred untrained tasters after 3 days from the
application of the edible coatings. The strawberries were stored at cold temperature before sensory
evaluation. Values represent the mean with their standard error (±SD). a−cFor each trial, different
superscript lowercase letters within a row denote significant differences (p<0.05) between the mean
values according to Tukey’s test.

made by the mixture of CS gel and FCN differed
significantly (p < 0.05) from the control group
for all attributes, except for the firmness. As
previously described in the present research, the
gel+FCN coating applied to strawberries stored
in refrigeration showed that the association of
these two forms of chitosan (gel and nanoparti-
cles) could significantly improve the barrier prop-
erties of an edible coating. The strawberries
coated with gel+FCN kept the maturity index
and pH constant and presented the highest hu-
midity percentage. The application of this type
of coating could have delayed the ripening pro-
cess, which contributed to the lower acceptance
of this sample.
When asked to report about the intent to pur-
chase, the panellists reported differences between
uncoated and coated fruit. The control strawber-
ries did not present significant differences (p >
0.05) in relation to fruit coated with FCN. These
samples exhibited scores around four (control:
4.34 ± 1.03 and FCN: 4.09 ± 1.10) and were the
most accepted, followed by CS gel (3.84 ± 1.10),
which did not differ (p > 0.05) from FCN.
No difference (p > 0.05) in preference was ob-
served between fruit coated with glycerol (3.61 ±
1.10) and gel + FCN (3.64 ± 1.14). These groups
were the least appreciated sample, which is in
agreement with the acceptability test. However
all samples exhibited scores around four which

shows that the tasters would “possibly buy” the
fruit. The same scores were found by our pre-
vious study when we applied an edible coating
made by CS gel and FCN to grapes (Castelo
Branco Melo et al., 2018). These scores made the
use of the edible coatings produced in the present
study feasable on a commercial level based on the
analysis of the sensory aspects.

4 Conclusions

All chitosan based edible coatings were effec-
tive in maintaining the physicochemical, sensory
and microbiological qualities of the postharvest
strawberries. However, the coating made with
FCN+CS gel was the most effective in main-
taining these quality parameters of the strawber-
ries and presented the best antifungal activity
against the phytopathogenic fungi tested. The
sensory evaluation of the strawberries showed
that fruit coated with FCN received similar
scores to control group, which suggest that the
FCN did not modify the sensory quality of the
fruit.
Based on these results, edible coatings made with
different forms of chitosan, especially the mixture
of FCN and CS gel, could be used to improve
the post-harvest quality of strawberries. In ad-
dition, the application of nanotechnology could
be a good alternative to improve the properties
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of chitosan, as well as increase the cost benefit of
the use of edible coatings based on this polymer.
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