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Abstract

Nowadays, new alternatives for avoiding contamination due to the use of
non-biodegradable packing and pesticides for fruit and vegetable preservation
must be sought. In this work, three coatings based on chitosan nanoparticles,
chitosan-thyme essential oil or chitosan-propolis nanoparticles were tested on
inoculated and non-inoculated tomato with A/ternaria alternata. The fruit was sto-
red at 11 + 2 °C for 14 days and at ambient temperature at 27 + 2 °C for 7 days.
The TEM and DLS showed a particle size in the range of 3.8 to 9 nm. The pos-
tharvest quality of tomato fruit was evaluated as firmness, weight loss, color and
total soluble solids (TSS). It was obtained that the firmness decreased, the weight
loss increased; and color and TSS were maintained over the storage days at both
temperatures. The loss of firmness for the coated tomato fruit stored at 11 °C
was less than 1 N. On the other hand, the weight loss was less than 3 % and 8 %
for the controlled and ambient temperature stored fruit, respectively, on day 7. It
was concluded that the chitosan nanoparticles coating maintained a better pos-
tharvest quality of tomato, representing a natural alternative for the preservation
of this important horticultural commodity.

Keywords: Alternaria alternata, Iycopersicunm esculentum L., nanoparticles, weight
loss, firmness, color, postharvest preservation.
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1. Introduction

Tomato (Lycopersicum esculentum 1..) is the second important crop in Mexico
with high nutritional value and uses in traditional cooking [1, 2]. According to
data from the Food and Agriculture Organization of the United Nations Sta-
tistics Division (FAOSTAT), tomato represented 7.77 % of the export of the
country by 2021, with a production of 4,149,240.67 ton |3, 4|. However, during
storage, it is susceptible to various diseases caused by different microorganisms,
among them, fungi such as Alfernaria alternata that responsible for the black rot
disease and bacteria deteriorating its postharvest quality [5].

Nowadays, nanotechnology has allowed the elaboration of coatings, in which the
use of nanoparticles, enhances the fruit protection effect due to the highest surface
area to volume ratio of the nanostructures, improving their activity [6]. Chitosan is a
biocompatible and biodegradable polymer with a wide range of applications used for
the elaboration of nanostructured coatings [7]. On this subject, Gutiérrez-Molina ez
al. [8] reported a nanostructured coating with 30 % of chitosan nanoparticles to pre-
serve refrigerated tomatoes at 101 °C for 19 days. A weight loss of less than 13 %
and a color change of less than 5 % were observed compared to the control (uncoa-
ted fruit). Firmness did not change with the storage days. On the other hand, chitosan
nanoparticles (NPQs) and chitosan added with thyme essential oil (QS+NPTs) coa-
tings for different concentration of nanoparticles (15, 30 and 45 %) were evaluated
for controlling the bacterium Pectobacterinm carotovorum in tomatoes, stored for 7 days
at 10 °C having a relative humidity of c.a. 70 %. In this study, there were differences
in the variable color in fruit coated with QS+NPTs 30 %, especially in the luminosity
and chroma values on the inoculated tomatoes. Regarding the hue value, the highest
variation was for the fruit coated with QS+NPQs 45 %. For firmness, the lowest
loss was for tomatoes treated with QS+NPQs 15 %. The values of TSS presented
a difference between 3 and 5 % and of weight loss between 0.7 and 1.2 % [9]. The
aim of this study was to assess the effect of three nanostructured coatings based on
chitosan, chitosan-thyme essential oil and chitosan-propolis on the storage behavior
of tomato at controlled and ambient temperature measuring the quality variables of
weight loss, firmness, TSS, and color.

2. Materials and methods
2.1. Materials

The reagents used for nanoparticles’ elaboration (NPs) were medium mo-
lecular weight chitosan with a deacetylation degree of 75-85 % (Sigma-Aldrich
Corp., St. Louis, MO, United States) which was dissolved in acetic acid (Fermont,
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Monterrey, N.L., Mexico) and distilled water (0.05 %). For the incorporation
of the thyme essential oil (Essential Oils-Essencefleur, Mexico City, Mexico) or
the aqueous extract of propolis (10 %) (REDSA, Cuernavaca, Morelos, Mexi-
co) to the nanoparticles, methanol (JT Backer, Phillipsburg, NJ, United States)
and Tween 20 (Hycel, Zapopan, Jal., Mexico) were used. For the nanocoatings
elaboration, high molecular weight chitosan (América Alimentos, Zapopan, Jal.,
México) and deacetylation degree of 91 % (1 %) was used as matrix.

2.2. Methods

2.2.1. Nanoparticles elaboration

The nanoparticles were elaborated using the nanoprecipitation method [10].
Two phases were prepared, one aqueous and one organic. The aqueous phase
consisted of a solution of medium molecular weight chitosan (0.05 % w/v) in
a solution of glacial acetic acid and distilled water (1 % v/v). For the organic
phase, Tween 20 (1 %) was dissolved in 40 mL. of ethanol. The concentration of
both the essential oil of thyme and the aqueous extract of propolis added to the
organic phase was 5 %. Then, by using a peristaltic pump (MasterFlex, Vernon
Hills, IL, USA), 2.5 mL of the aqueous phase was added dropwise to the organic
phase, stirring for 10 min. Next, a rotary evaporator (model 300, Btichi, Flawil,
St. Gallen, Switzerland) was used to concentrate the NPs solution at 40 °C and
40 rpm. Final volume was 2 mL, being stored at 4 °C.

2.2.2. Nanocoatings elaboration and application

Based on 33 % chitosan nanoparticles (NPQ), chitosan-thyme nanoparticles
(NPT) or chitosan-propolis nanoparticles (NPP), 66.7 % of chitosan (1 %) and
0.3 % of glycerol (JT Backer, Phillipsburg, NJ, United States), three formulations
were elaborated and two controls were considered: inoculated tomato fruit with 4.
alternata C(+) and non-inoculated tomato fruit C(—). The coatings were elaborated
following the methodology of Gutiérrez-Molina e# a/. [10]. The order of compo-
nents addition was as follows: glycerol was added to chitosan (1 %) and mixed
using a homogenizer (Virtis, model 45, Los Angeles, CA, United States) for 5 min
at 10,000 rpm. Next, the NPs were added and stirred for another 5 min [11].

The tomatoes were purchased at a local market in Cuautla, Morelos. Fist, the
fruit were washed with distilled water and disinfected with a sodium hypochlorite
solution (3 %) for 3 min. They were rinsed again with water and the formulations
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were sprayed on the fruit and allowed to dry. Then, disks of 5 mm of diameter
containing the fungus were placed inside 4 holes of 2 mm in diameter. The A.
alternata isolate was obtained from infected bell pepper and previously cultivated
in potato dextrose agar culture medium (PDA) (BD Bioxon, State of Mexico,
Mexico) for 7 days. The effect of the nanocoating was evaluated on fruit stored
at 11 £ 2 °C for 14 days and at 27£2 °C for 7 days.

2.3. Nanoparticles characterization by transmission electron mi-
croscopy (TEM) and dynamic light scattering (DLS)

NPs morphology was observed using a transmission electron microscope
(JEOL-JEM 2010, Tokyo, Japan) at an acceleration voltage of 200 kV placing
a drop of nanoparticles solution on a copper grid. IMAGE] software (National
Institutes of Health, Bethesda, MD, USA) was used to calculate the average par-
ticle size. For the particle size distribution measurement, a Zetasizer Nano-ZS90
(Malvern Instruments, Worcestershire, UK) was employed, placing 3 mL of the
NPs solution in a quartz cuvette. Before measurement, the NPs solution was
sonicated for 10 min.

2.4. Effect of nanostructured coating on tomato quality essays

2.4.1. Weight loss

To determine the tomato fruit weight loss, a portable digital scale (OHAUS,
Parsippany, NJ, U. S. A.) was used. The difference between the initial weight and
the final weight of the tomato fruit was calculated and expressed as percentage.

2.4.2. Firmness

The firmness was measured on both sides of the tomato fruit using a pene-
trometer (Lutron FR-5120, Coopersburg, PA, USA) and results were reported in
Newtons (N).

2.4.3. Total soluble solids (ISS)

For TSS determination, a drop of tomato fruit juice was placed in a refracto-
meter (Atago N-1E, Fukaya-shi, Saitama, Japan). The results were expressed as
percentage.
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2.4.4. Color

The color was measured in two opposite sides of the tomato fruit using a colo-
rimeter (Konica Minolta Sensing® 9992-995 BC 10, Chiyoda, Tokyo, Japan). The
results were expressed as hue angle (Hue=tan™! b*/a*), chromaticity (C*=V (a%)>+(b*)?)
and lightness (I*) [11].

2.5. Statistical analysis

The measurements for all variables were made in 5 fruit for treatment. The
data obtained from the experimentation were analyzed using the InfoStat softwa-
re (InfoStat, Sacramento, CA, 2018) with a double analysis of variance (ANOVA)
and Tukey’s mean comparison test (p<0.05).

3. Results and discussion

3.1. Nanoparticles characterization by transmission electron mi-
croscopy (TEM) and dynamic light scattering (DLS)

In Figure 1, the morphology of the nanoparticles can be seen. For the NPQ
a more homogeneous distribution is observed (Figure 1a). On the other hand,
the NPQ and NPP showed different sizes or possible agglomerates as seen in
Figures. 1b) and 1c¢), respectively. The nanoparticles range was between 3.8 and 6

nm as calculated by Image J.

Figure 1. TEM of a) NPQ, b) NPT, and ¢) NPP. NPQ=chitosan nanoparticles,
NPT=chitosan-thyme nanoparticles, NPP=chitosan-propolis nanoparticles.

Figure 2 shows the results of the DLS for the NPQ, NPT and NPP. A bimo-
dal distribution is observed for the NPQ (Figure 2a) with the smallest particles
in the range of 3.8 to 9 nm and the largest between 60 and 120 nm. Similarly,
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the NPT presented a bimodal distribution with two populations. The first was
between 8 and 15 nm and the second between 300 and 600 nm. Finally, the NPP
showed a larger particle size with a unimodal distribution between 220 and 2000
nm. According to Sreekumar ez a/. [12] the presence of the second peak with the
largest particle size may be related to aggregates. These results agreed with those
previously published by our research group [13 — 16]. A possible reason for the
formation of aggregates in the NPP coating could be related to the effect of
propolis loading. It has been found that non-encapsulated propolis attached to
the NPQ surface, increases the hydrophobicity and the interaction between NPQ
and propolis with their subsequent aggregation [17].
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Figure 2. Particle size distribution (d=diameter) for: a) NPQ, b) NPT, and c¢) NPP.
NPQ=chitosan nanoparticles, NPT=chitosan-thyme nanoparticles,
NPP=chitosan-propolis nanoparticles.
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3.2. Effect of nanostructured coating on tomato quality

3.2.1. Weight loss

In Figure 3, the weight loss of the tomato fruit refrigerated (Figure 3a) and
stored at ambient temperature (Figure 3b) are shown. In general, weight loss is
increased over time.
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Figure 3. Weight loss of tomatoes coated with NPQ, NPT, and NPP and two controls, and
stored at a) 1122 °C for 14 days and b) 2712 °C for 7 days. Error bars show the standard error
of the mean. NPQ=chitosan nanoparticles; NPT=chitosan nanoparticles encapsulating thyme

essential oil; NPP=chitosan nanoparticles encapsulating aqueous extract of propolis;
C(—)=fruit not inoculated; C(+)=inoculated fruit.

Regarding the refrigerated tomatoes (Figure 3a) on day 7, the weight loss was
between 2-3 %, less than for the tomatoes stored at ambient temperature. No
significant statistical differences (p<0.05) were found between formulations (not
shown). Moreover, the weight loss for coated tomatoes was lower than for the
controls. On the other hand, on day 14, the weight loss values were between
5-11 %, being 9 % less than the coated fruit. Similar behavior to fruit stored at
ambient temperature.

For the samples stored at ambient temperature for 7 days (Figure 2b), there
was a weight loss of less than 8 % for the coated fruit. The weight loss of the
coated tomato fruit was slightly lower than the controls, being higher for the ino-
culated tomato fruit, although no significant statistical differences were observed
(p<0.05). Among the coated fruit, the highest weight loss was for NPP, then for
NPT and finally for NPQ, However, the values were similar. Therefore, there was
no significant weight loss of the fruit during the storage period.
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Refrigeration of fruit and vegetable is a technique that has been used over the
years to preserve the horticultural products for an extended time [18]. Kibar ¢ a/.
(2018) [19] used 0.5, 1.0 and 2.0 % chitosan solutions to extend the postharvest
quality of tomatoes stored at two different temperatures (at 5 °C with relative
humidity of c.a. 90 % and at 21 °C with relative humidity of c.a. 65 %). There
was a reduction in weight loss for the chitosan-coated tomato fruit with a more
evident effect for the solution with a concentration of 1 % having a weight loss
value of less than 2 % after 10 days of refrigerated storage and with a loss of less
than 4 % after 7 days of storage at ambient temperature. Also, a higher percen-
tage of weight loss was observed for the non-coated fruit. This is related to the
barrier property of the coating on the fruit that prevents further dehydration and
therefore the weight loss [20]. Azmai e# a/. (2019) [21] found weight loss values
for tomatoes stored at ambient temperature for 12 days at concentrations of
0.5, 0.75 and 1 % of chitosan of 7.5, 6.7, and 7.2 %, respectively, and of 6.5 %
for the untreated tomatoes. These values were lower than those obtained in this
present research for a longer storage time perhaps because of the degree of ripe-
ning (just changing color from green to red) of the tomato used by cited authors.
For tomatoes refrigerated at 6 °C and coated with chitosan solutions at different
concentrations, Sucharitha e# /. [22] reported tomato weight loss of about 0.54,
1.3 and 3.9 % with concentrations of 0.25 %, 0.5 % and the control, respectively,
after 6 days of storage. Similar to this study, values of 2-3 % for the coated fruit
and higher than 3 % for controls were obtained with a lower value of weight loss
of the coated fruit compared to the control. On the other hand, Mustafa ez a/.
[23] reported a weight loss of 7 % for fruit stored at 15 °C with a R.H. of c.a. 80
% using a coating based on chitosan particles of 400, 600, and 800 nm, after 20
days of storage. A similar value obtained for the 14 days of storage of this work.

Compared with our previous research where nanostructured coatings were
used, for tomatoes stored for 7 days at 10 °C, a weight loss of less than 2 % was
obtained for NPQ coated fruit at different concentrations of nanoparticles in
the formulation (15 %, 30 %, and 45 %). For the NPT coated fruit and the same
concentrations, the weight loss was also less than 2 % [14]. On the other hand,

for tomatoes refrigerated at 10 °C, the weight loss value for coated fruit with
NPQ (30 %) was less than 3 % on day 8 of storage [8].

Firmness results are shown in Figure 4. For the tomato fruit stored at con-
trolled temperature (Figure 4a) and ambient temperature (Figure 4b) there was a
decrease in firmness over time. The decrease in firmness with ripening in tomato
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is attributed to moisture loss due to transpiration and enzymatic changes. These
changes cause cell wall deterioration in tomato tissues [24].
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Figure 4. Firmness of tomatoes coated with NPQ, NPT, and NPP and two controls stored at:
a) 1142 °C for 14 days and b) 2712 °C for 7 days. Different letters show statistical differences
between formulations (upper case letters) and between days (lower case letters) calculated by
ANOVA and Tukey’s test (p<<0.05). Initial firmness value=11.720.8 N. Error bars show the
standard error of the mean. NPQ=chitosan nanoparticles; NPT=chitosan nanoparticles en-
capsulating thyme essential oil; NPP=chitosan nanoparticles encapsulating aqueous extract of
propolis; C(—)=fruit not inoculated; C(+)=inoculated fruit.

The loss of firmness was lower for the refrigerated fruit (Figure 4a). On
day 7 of storage the same trend was observed, with similar values. The highest
loss of firmness was for the NPP coated tomato fruit (A=0.89 N), followed by
the NPT-coated one (A=0.86 N), and finally for the coated NPQ tomato fruit
(A=0.83 N). The uncoated tomato fruit showed a higher loss of firmness, with
a variation of approximately 1 N for both controls. On day 14 the same trend
was observed as for day 7. However, there was a higher difference in loss of
firmness, almost approximately 3 N with higher values than the non-refrigerated
fruit, although no significant statistical differences were found (p<<0.05). For the
tomatoes stored at ambient temperature (Figura 4b), the highest loss of firmness
was for NPP coated fruit with values decreasing from 11.1 N to 9.4 N (A=1.63 N),
followed by NPT coated fruit with values from 11.5 N to 10.1 N (A=1.44 N), and
finally, for those coated with NPQ from 12.0 N to 10.8 (A=1.22 N). The controls
showed a higher loss of firmness, being this value higher for the inoculated fruit
with a variation of A=2.18 N compared to the non-inoculated fruit (A=2.32 N).

Firmness values were higher than those for the coated tomato. For both storage
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conditions, no significant statistical differences were observed (p<0.05) among
coatings and during storage the days.

In a previous work [14], after 7 days at 10 °C, firmness values between 17 and 24
N were obtained in fruit refrigerated for different NPQ and NPT concentrations
(15, 30, and 45 %) in the coating. For the controls, values were 18.8 N for C(—)
and 28.5 N for C(+). Similatly, in other study, for tomatoes stored at 10 °C, on day
8, firmness values of 22 N were obtained for coated fruit (30 % of nanoparticles)
compared to the initial value of 20 N [8]. A slight change in the value of firmness
was observed like the values obtained in this research for tomatoes stored at con-
trolled temperature. The difference between those values and the values obtained
in this work is related the ripening grade of the fruit. In another study, for coated
tomatoes with chitosan (0.5, 1, and 2 %) Kibar ez a/. [19] reported an initial firmness
of 20 N for fruit stored at 5 °C and at 21 °C. For fruits stored at ambient tempera-
ture on day 7, the values of firmness were between 8 and 11 N for the coated fruit
and of 12 N for the control fruit. Final values between 13 and 17 N were obtained
for the coated refrigerated fruit and of 16 N for the control. The loss of firmness
was lower for refrigerated fruit like the reported in this research. However, the
variation of firmness with storage was higher. However, the. On the other hand,
Azmali et al. |21] reported variations of firmness values of A=1.8 N for tomatoes
stored at ambient temperature for 12 days treated with 0.5 % chitosan coating
and of A=1.1 N for chitosan concentrations of 0.75 and 1 %, with a progressive
decrease in firmness with storage time. For the control, the firmness variation was
much higher (A=0.5 N). Except for the control, the results of the coated fruit were
similar to those obtained in this work.

In Figure 5, the TSS data is shown. In both cases, no differences between treat-
ments and storage days were observed as well as statistical differences (p<<0.05). For
the refrigerated fruit (Figure 5a), the values were between 4.0 % and 4.2 % for the
coated tomatoes with a value of 4.2 % for C(—) and 4.0 oBrix for C (+) on day 7.
On day 14, the values were between 4.0 % and 4.1 % for the coated tomato fruit
and 4.0 % for C(—) and 4.1 % for C (+) on day 14. At ambient temperature (Figure
5b), the values for the coated tomato fruit ranged between 3.9 % and 4.0 % and for
the controls they were 3.8 % for C(—) and 4.0 % for C(+) for day 7.

In previous work carried out on NPQ coated tomatoes and stored for 7 days
at 10 °C, the TSS value reported for NPs concentrations of 15, 30, and 45 %
were between 3 % and 4 % and for fruit with NPT coatings a value of 4 %
was found, like those obtained in this work [14]. For fruit stored at ambient



134 RESEARCH ADVANCES IN NANOSCIENCES, MICRO AND NANOTECHNOLOGIES. VOLUME 4

temperature for 12 days with chitosan coating of 0.5 %, 0.75 %, and 1 %, Azmai
et al. [20] obtained values between 3.2 % and 3.8 % for the coated fruit and of
3.3 % and 3.4 % for the controls without significant variations of these values
with storage time. Sree ¢z a/. [25] obtained values between 4-4.5 % after 7 days of
storage for fruit coated with chitosan at 0.5 %, 1 %, 2 %, and 2.5 % and 4.2 %
for the control, although there was a tendency to increase this value over storage
time. In this work, values similar to those reported by these authors were obtai-

ned, without significant variations during storage time.
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Figure 5. Tomatoes TSS coated with NPQ, NPT, and NPP and two controls, and stored at:
a) 11£2 °C for 14 days and b) 2722 °C for 7 days. Different letters represent statistical
differences between formulations (upper case letters) and between days (lower case letters)
calculated by ANOVA and Tukey’s test (p<<0.05). Initial TSS value=4.0 oBrix. Error bars show
the standard error of the mean. NPQ=chitosan nanoparticles; NPT=chitosan nanoparticles
encapsulating thyme essential oil; NPP=chitosan nanoparticles encapsulating aqueous extract
of propolis; C(—)=fruit not inoculated; C(+)=inoculated fruit.

In Figure 6, the results for chroma, hue, and luminosity color parameters
for tomatoes stored controlled temperature (Figures 5a, b, ¢) and ambient tem-
peratures (Figures 6d, 6e, 6f) can be seen. No significant statistical differences
(p<0.05) were observed between treatments or for the storage days; therefore,
the color variation in the fruit was not affected by the application of the coating;
This could be associated with the harvesting ripening stage of the tomato (full
red) [26, 27]. Compared to previous works published by our group, for tomatoes
stored at 10 °C for 7 days, the values between 29-31 for chroma, 48-54 for hue
and 37-39 for luminosity were for tomatoes with NPQ coatings (15, 30, and
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45 %) and between 26-29 for chroma, 47 for hue and between 37-38 for lumino-
sity for tomatoes coated with NPT (15, 30, and 45 %) [14].

On the other hand, Gutiérrez-Molina e7 al. [8] reported values of luminosity
between 39-45, similar to those reported in this present research. Also, Suchari-
tha ez a/. [22] found no differences with the storage days in coated tomatoes with
0.25 % and 0.5 % of chitosan solutions and stored for 30 days at 5 °C, similar

data to that obtained in this research.
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Figure 6. Change of tomato color coated with NPQ, NPT, and NPP and two controls C (+)
and C(—), stored at 11 °C%2 for 14 days: a) chroma C*, b) hue angle h, and c) lightness I* and
at 27 °Cx2 for 7 days: d) chroma C¥*, ¢) hue angle h and f) lightness L*.
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Different letters represent statistical differences between formulations
(upper case letters) and between days (lower case letters) calculated by ANOVA
and Tukey’s test (p<<0.05). Initial chroma value= 8.76%1.27. Initial hue va-
lue=40.0£2.5. Initial luminosity value=40.81+0.5. Error bars show the standard
error of the mean. NPQ=chitosan nanoparticles; NPT=chitosan nanoparticles
encapsulating thyme essential oil; NPP=chitosan nanoparticles encapsulating
aqueous extract of propolis; C(—)=fruit not inoculated; C(+)=inoculated fruit.

4. Conclusions

From DLS measurements the NPQ showed the most homogeneous distri-
bution. On the overall, the nanoparticles were spherical in shape according to
TEM observation. Considering the quality essays, the most effective coating for
tomatoes preservation was the NPQ followed by the NPT and NPP due to lower
weight loss and loss of firmness for the refrigerated and ambient temperature
stored tomato. No significant changes were observed for color change or TSS. It
would be useful to carry out microbiological tests considering variables such as
severity and disease incidence to achieve a whole evaluation of the performance
of nanocoatings. It will be the subject of further research.
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