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Passion fruit (Passiflora edulis Sims f. flavicarpa DEQ) is a tropical fruit widespread in Brazil, the largest
producer and consumer in the world. As a climacteric fruit, it continues the ripening process after being
detached from the plant, resulting in a short shelf life, with post-harvest problems, such as wilting and
susceptibility to attack by microorganisms such as fungi. Therefore, this work aimed to develop
chitosan-based coatings to be applied on passion fruit to maintain its post-harvest quality. Film forming
solutions were prepared using chitosan (C) as the main polymer, carnauba wax (W) or rosin (R) as
a hydrophobicity promoting agent and zinc oxide (ZnO) nanoparticles as an antimicrobial agent. The
solutions were applied to passion fruit surfaces and the fruits were stored for 10 days at 22.5 °C and 82
RH for continuous evaluation. To determine the coating effect on ripening evolution during storage, the
fruits were analysed for mass loss, texture, colour, pH, acidity, total soluble solids, and sugar contents.
The post-harvest loss index was also determined during storage. The results showed that C + R coatings
were more effective in protecting the fruits against weight loss, injury appearance and microorganism

attacks. The visual appearance was also maintained. Increasing the resin concentration in the film
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Accepted 23rd December 2023 forming solution provided better protection for the fruits against excessive weight loss and delayed the

physicochemical changes related to maturation (acidity, pH, soluble solids, and firmness). Therefore,

DOI: 10.1039/d3fb00189) rosin-containing coatings provided the best results in postharvest applications to control passion fruit

rsc.li/susfoodtech storage problems.

Sustainability spotlight

The application of biodegradable coatings to preserve the quality and extend the shelf life of passion fruit is a significant step towards aligning with the United
Nations' Sustainable Development Goals (SDGs). It primarily supports SDG 12, “Responsible Consumption and Production”, by reducing the environmental
impact of food packaging. Traditional plastic packaging contributes to pollution and waste, while biodegradable coatings offer an eco-friendly alternative that
minimizes plastic waste and promotes responsible production and consumption. Additionally, by preventing food spoilage and waste, it aligns with SDG 15,
“Life on Land,” by conserving valuable resources and promoting sustainable land use. Overall, the application of biodegradable coatings for passion fruit
exemplifies a commitment to sustainable agriculture, responsible consumption, and environmental stewardship, contributing to the broader agenda of
achieving a more sustainable and equitable future as outlined in the UN's SDGs.

Sims flavicarpa) is the most cultivated due to its greater pref-

1. Introduction

erence in the internal market, representing 95% of the total

Brazil stands out as the largest producer of passion fruit, as the
soil and climate conditions are favourable to the development
of this crop. Among the Passifloraceous species commercially
exploited in Brazil, the yellow passion fruit (Passiflora edulis
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production.® Passion fruit has a strong respiration rate and fast
response to ethylene after harvest. This results in post-harvest
quality deterioration, such as the loss of moisture and
shrinkage of the peel. Phytosanitary problems have affected this
crop, causing browning of the bark and fungal rot. Losses in the
commercial value of the fruit can also occur due to failures in
handling, packaging, storage, and transport.>*

New technologies have been evaluated aiming to interfere in
physiological processes, reducing sweating and breathing rates
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Table 1 Concentration of compounds used in the filmogenic solution for each treatment (w/v)*

Formulation components

Chitosan Carnauba wax Rosin resin Tween 80 Glycerol
Treatments (%) (%) (%) ZNnOnpano (%) (%) (%)
cw 1.2 0.6 — — 0.3 0.36
CWZ 1.2 0.6 — 0.05 0.3 0.36
CR 1.2 — 0.6 — 0.3 0.36
CRZ 1.2 — 0.6 0.05 0.3 0.36
CR1 1.2 — 0.8 0.05 0.4 0.36
CRZ1 1.2 — 0.8 0.05 0.4 0.36

“ CW: chitosan + wax; CWZ: chitosan + wax + ZnOpan0; CR: chitosan + resin; CRZ: chitosan + resin + ZnOp,p,. 1 — second application of coatings.

and consequently reducing post-harvest losses, such as the
application of edible coatings made from polymeric matrices.*
Coating is a thin layer of polymeric material, formed directly on
the product surface that is intended to be protected without
altering the visual or sensory characteristics of the fruit.®> In
addition, the coatings aim to preserve the physicochemical
quality and increase the shelf life of plant products during the
storage and commercialization process.® Previous studies
report the application of coatings on a range of fruits, including
kiwi, papaya, and guava. These studies highlight the role of
chitosan coatings in preserving the post-harvest quality of
fruits.”®

Among the polymers used, polysaccharides and lipids stand
out for being biodegradable materials and found in abundance
in nature, such as starches, cellulose, gums, pectin, alginate,
chitosan, and waxes.*' In recent years, the number of studies
that seek to combine different polymers and additives in the
preparation of films and coatings has grown.****

Chitosan is a polysaccharide obtained by deacetylation of
chitin, and it has been used in coating preparation. It is
considered safe by the Food and Drug Administration (FDA).
However, the chitosan coating has low water barrier properties,
limiting its use. Seeking to improve these barrier characteris-
tics, several composites have been prepared from mixtures of
polysaccharides and lipids.*

Among lipids, carnauba wax has been widely used as an
edible coating to reduce water loss and give the fruit a shiny
appearance.'*" High melting and hardness result in durable
coatings and improve the adhesion between the coating and
fruit, the resistance to water permeation and the visual prop-
erties due to their good hydrophobicity and brightness.***”

To improve coating properties, bioactive compounds with
antioxidant and antimicrobial action, flavouring compounds
and some other additives can be incorporated into film forming
solutions in order to improve the quality, handling and integrity
of the coated product. The addition of ZnO nanoparticles has
been explored to improve gas barrier properties and provide
antimicrobial properties to the coating.'®**

Although several studies have investigated the roles of chi-
tosan in post-harvest processes, questions regarding the use of
chitosan composite coatings with rosin resin containing zinc
oxide nanoparticles and their application to extend the shelf life
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of yellow passion fruit are still not completely understood.
Therefore, this work aimed to evaluate the application of
chitosan-based coatings containing carnauba wax or rosin resin
and zinc oxide nanoparticles on the physicochemical properties
of passion fruit stored at room temperature.

2. Materials and methods

2.1. Selection of passion fruit

Passion fruits were purchased at the Central Market of Rio de
Janeiro, Brazil. They were selected by peel colour, absence of
mechanical damage and disease symptoms, to standardize the
sample.

2.2. Preparation and development of edible coatings

The film forming solutions were prepared using chitosan as the
main polymer, glycerol as a plasticizer, carnauba wax or rosin
resin as a hydrophobicity promoting agent and zinc oxide
nanoparticles as an antimicrobial agent. Acetic acid and Tween
80 were also used to facilitate dissolution and mixing of the
components. Carnauba wax or rosin resin was added to the
solution at 50% (m/m) in relation to chitosan. The solution was
homogenized by means of magnetic stirring at a temperature of
85 °C until the wax/resin softened for 10 minutes, being
homogenized with an Ultra Turrax at 13 500 rpm for another 10
minutes.

Zinc oxide nanoparticles were suspended in distilled water
and sonicated in an ultrasound bath (Unique USC - 4800,
Indaiatuba, Brazil) at 220 W for 15 minutes. Then, the ZnO
nanoparticles were incorporated into the filmogenic solutions
at a final concentration of 0.05% (w/v), with the aid of the Ultra
Turrax for 15 minutes at 13 500 rpm. Table 1 presents the final
concentration of compounds in each treatment for 1000 ml of
final solution.

2.3. Application of edible coatings and storage

Before applying the coatings, the fruits were sanitized in
a chlorine solution at 80 ppm for 15 minutes and air-dried at
room temperature (22.47 £ 1.34 °C). Subsequently, a film-
forming solution was applied to each passion fruit using
a brush (Atlas, Model 319/5, 21 x 5.2 x 1 cm) and placed on
a stainless-steel table at room temperature until the solution

© 2024 The Author(s). Published by the Royal Society of Chemistry
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completely dried. The passion fruits remained on the stainless-
steel table throughout the storage period. Four treatments were
carried out in duplicate using the four film-forming solutions,
CW, CWZ, CR, and CRZ, shown in Table 1.

2.4. Fruit characterization

Fruits were evaluated for physical, chemical, and sensory
properties on days 0, 2, 4, 8 and 10. For the analysis, three fruits
were considered for each treatment and sampling day, with the
analyses conducted in triplicate, resulting in a total of nine
fruits per treatment and sampling day. The entire study was
replicated twice.

2.5. Weight loss

Weight loss was determined by the difference between the
initial and final mass of the fruit, with the aid of a semi-
analytical scale with a precision of +0.01 g.*°

2.6. Peel colour

Peel colour was measured according to You et al. (2022)*" using
a CR-400 portable colorimeter (Konica Minolta, Tokyo, Japan).
The CIELab parameters L* (brightness, 0 - black to 100 — white),
a* (green (—a) to red (+a)) and b* (blue (—b) to yellow (+b)) were
obtained from two random points on the peel of the fruits.

2.7. Firmness

Fruit firmness was determined using a texture analyser TA-XT
PLUS (Stable Micro Systems, United Kingdom) according to
Zhong et al., (2022).>> Measurements were taken at two equi-
distant points in the equatorial region of the fruits and the
results were expressed in Newtons (N).

2.8. Total titratable acidity (TTA), total soluble solids (TSS),
TSS/TTA ratio and pH

Total soluble solid (TSS) content was directly read on a digital
refractometer Atago PAL-1 and total titratable acidity (TTA) and
pH were determined using an automatic titrator (794 Basic
Titrino - Metrohm).* The TSS/TTA ratio was determined by the
ratio between the values of total soluble solids and total titrat-
able acidity.

2.9. Vitamin C and sugar contents

Vitamin C and sugar contents were quantified by HPLC as
described by Da Rosa et al (2007)** and Macre (1998),>
respectively.

2.10. Determination of external injuries

During storage, fruits with lesions or external damage were
identified by visual observation and separated for counting. The
results were expressed as a percentage of rotten passion fruit.®

2.11. Statistical analyses

The results were submitted to analysis of variance (one-way
ANOVA). Significant differences between means were analysed

© 2024 The Author(s). Published by the Royal Society of Chemistry
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using Tukey's test (p < 0.05). Statistical analysis was performed
using the STATISTICA® program version 10.0 (Statsoft, Tulsa,
USA).

3. Results and discussion

3.1. Physical-chemical characterization

The values of TTA, pH, TSS and ratio (TSS/TTA) of the coated
passion fruit during storage are shown in Table 2. The pH
values ranged from 3.10 to 3.32 which are in line with passion
fruit. During storage, it was observed that the pH values of
passion fruit increased in all treatments, except for the resin
treatment. The pH values of the CR treatment did not differ
between storage days. The increase in pH observed during
storage may be attributable to the fruit ripening and the
consumption of organic acids, especially citric acid, in passion
fruit. Citric acid can function as a substrate in the respiration
process.” Furthermore, additional factors, such as the
biochemical state of the fruit and a slower respiration rate may
have collectively influenced the observed change in pH.*

Regarding TTA, no significant difference was observed
between treatments considering the same day of storage.
However, acidity values decreased in all samples throughout
storage, and fruits coated with rosin resin (CR) showed the
highest acidity values on the last day of storage. Fruit acidity is
another important factor affecting consumer acceptance and
serves as an indicator of fruit maturity. TTA contributes to the
perceived acidity of fruits, and a decrease in TTA may lead to
a reduction in the characteristic acidity associated with passion
fruit. This can impact the overall flavour profile, potentially
resulting in a less tangy taste.® In general, TTA decreases
during post-harvest storage as organic acids are used as primary
substrates for respiration and other metabolic processes.* Silva
et al. (2019)** who applied coatings based on cassava starch to
yellow passion fruit observed a decrease in TTA during storage.

TSS values decreased over storage for all samples. The TSS/
TTA ratio, representing the balance between sugar and acid
content, is closely linked to the aroma and flavour of the fruit. A
higher ratio generally signifies a sweeter flavour, whereas
a lower ratio indicates higher acidity. Fruit acceptability is
closely linked to the TSS/TTA ratio, with consumer preferences
often leaning towards fruits with well-balanced sweetness and
acidity.**** The ratio for passion fruit increased during storage,
ranging from 2.79 to 4.06. However, no differences were
observed in the TSS/TTA ratio values between the samples on
any of the days of storage. According to You et al. (2022),** the
higher the TSS/TTA ratio, the better the sensory quality of the
fruit. Rinaldi et al. (2017)** found an average value of ratio of
5.48 during storage of wild passion fruit; this value being
considered for fruits of excellent flavour.

Vitamin C plays a role in various biochemical processes,
influencing the development of aroma and flavour compounds
throughout the ripening process. Table 3 presents the content
of vitamin C and sugars present in passion fruit during storage
for all treatments. All samples showed a reduction in vitamin C
during storage, indicating that the coatings were not efficient in
maintaining this vitamin. The decline in vitamin C content
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Table 2 Titratable total acidity (TTA), pH, total soluble solids (TSS) and ratio (TSS/TTA) over 10 days of storage after the first coating application®

Parameters SD CW CWZ CR CRZ
pH 0 3.10°¢ £ 0.01 3.10°¢ £ 0.01 3.10* + 0.01 3.10°® + 0.01
2 3.23*8 4 0.08 3.16%%€ £ 0.04 3.19* £ 0.09 3.15%% 4+ 0.03
4 3.16%%€ + 0.04 3.26*5 4+ 0.08 3.28* £ 0.11 3.20°% + 0.03
8 3.24%P2B 4+ 0,06 3.30*% + 0.07 3.26%PA + 0.08 3.13"% + 0.06
10 3.32% 4 0.03 3.32* £ 0.06 3.28% + 0.02 3.32% 4 0.04
TTA 0 4.96* 4+ 0.01 4.96* 4 0.01 4.96* + 0.01 4.96* + 0.01
2 3.85%C + 0.59 4.11%® + 0.27 4.00*® + 0.45 4.28*" + 0.11
4 4.49*8 + 0.27 3.56%%¢ + 0.33 3.91°® 4+ 0.33 3.85%5¢ + 0.40
8 3.42%¢ + 0.27 3.35% 4+ 0.05 3.50% £+ 0.10 3.65%5¢ + 0.19
10 3.20%¢ 4+ 0.02 3.17°¢ + 0.41 3.53*8 + 0.14 3.23%¢ + 0.31
TSS 0 13.85% + 0.10 13.85%* + 0.10 13.85* + 0.1 13.85** + 0.10
2 12.70*® £+ 1.30 11.68% + 0.10 12.53%% + 0.3 12.68%% 4 0.20
4 12.54%PA8 + 0.30 13.43%P* + 0.10 10.88°C + 1.1 11.70°C + 0.50
8 10.209€ + 0.30 10.58%€ + 0.30 12.95% 4 0.5 10.78°® + 0.60
10 12.27%8 + 1.20 10.08"° £ 0.50 10.83°¢ + 0.3 12.03%%€ + 0.10
Ratio 0 2.79°% 4+ 0.01 2.79°% 4 0.01 2.79° 4+ 0.01 2.79°5 4+ 0.01
2 3.27%8 £ 0.27 2.83%® + 0.01 2.82°8 4+ 0.03 2.97%® + 0.04
4 2.78%8 4+ 0.25 3.58* 4 0.01 2.65% + 0.25 2.87°8% 4+ 0.19
8 3.06"® + 0.20 3.158 + 0.03 3.70** + 0.03 2.96"® + 0.03
10 4.06* 4+ 0.05 3.07*5 4+ 0.32 3.08%5 4+ 0.20 3.54* 4 0.10

“ Means followed by the same lowercase letter in the rows and capital letters in the columns do not differ from each other, according to Tukey's test
at 5% probability. CW: chitosan + wax; CWZ: chitosan + wax + ZnOpane; CR: chitosan + resin; CRZ: chitosan + resin + ZnOpape; SD: storage day.

Table 3 Vitamin C and sugar content of the fruits over the 10 days of storage after the first coating application®
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Parameters SD CW CWZ CR CRZ
Vitamin C (mg 100 g~ ) 0 19.35* £ 0.39 19.35™ + 0.39 19.35™ £+ 0.39 19.35* £+ 0.39
2 16.49%® + 0.30 12.46°% + 0.71 11.94° + 0.42 12.67°5¢ + 1.06
4 14.11°¢ 4+ 0.57 10.98°5€ + 1.13 12.49°® 4 1.50 13.81°% £ 0.63
8 10.10°° + 0.67 9.85¢ + 0.90 8.31°¢ + 0.01 11.97%¢ + 0.32
10 10.71°° + 1.02 9.40%¢ 4 0.40 9.21%5¢ + 1,58 9.29°? 4 0.79
Fructose (g 100 g~ 1) 0 1.32** + 0.01 1.32**% + 0.01 1.32*% + 0.01 1.32** + 0.01
2 1.41°4 £ 0.12 1.01%% 4+ 0.27 1.13%% 4+ 0.28 1.16* £+ 0.18
4 1.33* £ 0.19 1.02%8 4 0.56 0.96°F + 0.46 1.06** + 0.27
8 1.41%* £ 0.08 1.92°4 + 0.18 2.10* £ 0.51 1.66** £ 0.05
10 1.46* £ 0.15 1.02*48 4 0.35 1.23*48 4 0.21 1.51% £ 0.72
Glucose (g 100 g ) 0 1.26™ + 0.02 1.26** + 0.02 1.26* + 0.02 1.26™% + 0.02
2 1.13* £+ 0.26 0.97* + 0.24 1.13%* + 0.32 1.14%48 4 0.11
4 1.26* £ 0.16 0.93* 4 0.60 0.74* £+ 0.41 0.99%" 4+ 0.28
8 1.21%4 4+ 0.23 1.73* 4+ 0.38 1.56™ + 0.37 1.59% 4+ 0.19
10 1.33* £ 0.11 1.06** £ 0.36 0.94** 4 0.33 1.43* £ 0.69
Sucrose (g 100 g~ ") 0 4.36™ + 0.04 4.36™ + 0.04 4.36™ + 0.04 4.36™ + 0.04
2 3.87*8 4+ 0.59 3.53%8 4 0.47 3.43** 4+ 0.78 3.95*8 + 0.14
4 3.29™* + 0.19 2.89%% + 1,67 3.01** + 0.49 2.62°B +1.07
8 2.32%¢ 4+ 0.09 2.69%48 4 0.21 3.28* £ 0.85 2.44*8 + 0.26
10 2.87%8¢ + 0.32 2.57*4B 4 0.15 2.43% £ 0.33 2.19%® + 0.54

¢ Means followed by the same lowercase letter in the rows and capital letters in the columns do not differ from each other, according to Tukey's test
at 5% probability. CW: chitosan + wax; CWZ: chitosan + wax + ZnOpape; CR: chitosan + resin; CRZ: chitosan + resin + ZnOy,;,0; SD: storage day.

during ripening is attributed, in part, to the oxidation-induced Regarding the sugar content, the glucose and fructose
degradation of ascorbic acid. Additionally, as a water-soluble contents of passion fruit were not affected by the type of coating
vitamin, the reduction in vitamin C may be associated with and storage time. On the other hand, the sucrose content
the loss of water through perspiration.® Dulta et al. (2022)"* decreased during storage for all coating types (Table 3). Sucrose,
observed the same behaviour in evaluating the post-harvest a disaccharide composed of glucose and fructose, is a source of
quality of oranges coated with film forming solutions based energy for the plant. The decline in sucrose content observed in
on alginate-chitosan containing ZnO. passion fruit during storage is likely associated with the fruit's

respiratory processes. Throughout storage, fruits undergo

418 | Sustainable Food Technol., 2024, 2, 415-425 © 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Fruit weight loss over 10 days of storage after the first appli-

cation of the coatings.

ongoing metabolic processes, including respiration, impacting
their chemical composition. Within the respiration process,
sucrose is metabolized to supply the energy required to sustain
the essential processes of the fruit.*

3.2. Weight loss, firmness, and peel colour

Fruit weight loss occurred continuously during the storage
period (Fig. 1). The fruits coated with carnauba wax showed the
highest percentage of weight loss on the last day of storage. On
the other hand, fruits coated with resin and ZnO showed the
lowest percentage of mass loss, with the coating being more
efficient in controlling fruit mass loss. The coatings establish
a barrier that lowers the transpiration rate, mitigating water loss
from the fruit. Additionally, the coatings can influence the
maturation rate, aiding in maintaining the turgidity of the
passion fruit. Fruit ripening is an active metabolic process in
which simple or complex reactions, as well as their combina-
tion, make the fruit palatable. However, the ripening of fruits is
equally responsible for their deterioration and wilting during
storage.*”

Passion fruit is a climacteric fruit, with a short post-harvest
shelf life due to rapid water loss and wrinkling, which
contributes to the reduction of its commercialization. Weight
loss is mainly attributed to respiration and moisture evapora-
tion through the passion fruit peel, thus resulting in fruit
wrinkling and deterioration.*

Fruit firmness is a visual and tactile indicator of quality,
playing an important role in consumer acceptability and

View Article Online

Sustainable Food Technology

product shelf life.** Consumers are inclined to favour fruits
that display good firmness, attracted by fresh appearance and
tactile experience during the purchasing process.*® Table 4
shows the results of fruit firmness during storage. Fruit
firmness was influenced by the type of coating used during
storage. However, a reduction in firmness during storage was
observed. Fruits coated with chitosan, resin and ZnO nano-
particles showed no reduction in firmness over time, showing
that the coating was able to effectively delay the loss of
passion fruit firmness. Coating application may inhibit
dehydration, which leads to resistance to cell wall deteriora-
tion.** Zhou et al. (2022)° and Zhang et al. (2019)** also
observed a reduction in firmness of purple passion fruit
during storage.

Changes in L*, a*, and b* values offer valuable insights
into the colour characteristics of passion fruit. L* values
indicate variations in the overall brightness of the passion
fruit peel. The a* parameter measures colour along the red-
green axis, with negative values indicating greenness. Mean-
while, the b* parameter assesses colour on the yellow-blue
axis, with positive values denoting yellow. Ripe passion fruit
is characterized by yellow tones. Overall, consumers typically
prefer passion fruits displaying vibrant yellow hues, associ-
ating such colours with sweetness and maturity.*>*

L*values were not influenced by days of storage and type of
coating (Table 5). Green-red a* values showed an increasing
trend for all samples throughout storage. However, no
differences were observed between treatments on any of the
days of storage. For the parameter b*, the fruits showed
a significant increase during storage, especially on the eighth
day, when the highest values were observed for all samples.
This effect is in line with the a* value, where chlorophyll
degradation is responsible for increasing the a* value and
also increasing the b* value during the late phase of fruit
ripening.** The intensification of the yellow colour results
from the degradation of chlorophyll, revealing or synthe-
sizing yellow, orange, and red pigments classified as carot-
enoids. These pigments are quite common, and their
existence is an indicator for both consumers and industry to
evaluate the maturity and quality of the fruits.*

On the first storage day, the fruits presented a more greenish
colour than the passion fruit peel. However, during storage it
was noticed that the colour of the fruit peel changed from green
to yellow. So that on the last day of storage the fruits were

Table 4 Fruit firmness, in Newtons (N), during storage after the first coating application®

Storage day

Treatments Day 0 Day 2 Day 4 Day 8 Day 10

CW 20.3% + 3.3 18.3**B + 1.5 16.9"5¢ + 1.7 15.3%°¢ + 1.8 14.9%¢ + 2.3
CWZ 20.3* 4+ 3.3 19.7°4 £ 2.7 19.5* + 2.9 16.1°°% + 1.9 16.2°% £ 2.2
CR 20.3** + 3.3 19.5%8 4+ 3.0 16.1° + 2.9 16.3%°% + 2.0 15.6°% 4+ 2.8
CRZ 20.3* 4+ 3.3 19.7** £+ 3.9 19.5% + 2.2 17.5** £ 1.5 17.2* 4+ 2.8

“ Means followed by the same lowercase letter in the columns and uppercase in the lines do not differ from each other, according to Tukey's test at
5% probability. CW: chitosan + wax; CWZ: chitosan + wax + ZnOpano; CR: chitosan + resin; CRZ: chitosan + resin + ZnOpano.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 5 Colour parameters L*, a* and b* of fruits during storage after the first coating application®
Parameters SD CW CWZ CR CRZ
L* 0 70.18%* + 3.17 70.18* + 3.17 70.18* + 3.17 70.18* + 3.17
2 70.37% + 2.05 71.57% + 3.42 71.21% 4+ 3.27 72.14% 4+ 2,53
4 69.64%* + 2.99 69.51** + 5.63 69.12°P + 2.45 69.05* + 3.39
38 69.35% + 2.88 69.53% + 3.21 69.40 + 1.54 69.11% + 3.50
10 69.83* + 3.67 70.13** + 3.21 70.28%°A + 2.37 69.20%* + 4.03
a* 0 —5.74** £ 1.09 —5.74* + 1.09 —5.74** £ 1.09 —5.74** + 1.09
2 —5.06* + 2.49 —5.00%"* + 2.35 —4.75% 4+ 2,54 —5.30%* + 2.88
4 —5.03% £ 3.16 —3.28%4 + 1,79 —5.50% £ 2.70 —4.38% +2.83
8 —1.96°* + 1.58 —3.18%A + 1.47 —1.65% +1.84 —0.22°% +1.72
10 —2.46°* + 1.88 —1.69% + 1.45 —1.9754 + 1,79 —1.66°* + 1.85
b* 0 38.36°* + 2.61 38.36°* + 2.61 38.36°* + 2.61 38.36°* + 2.61
2 40.39 + 3.19 40.65 + 3.05 39.46" + 3.80 41.06%P* + 4.64
4 40.23* + 5.48 39.75"* + 2.70 41.42°* + 2,71 41.41%°* + 3.47
8 46.61°* + 4.14 46.77°* + 3.62 45.17%* 4+ 4.09 42.97% + 4.03
10 41.60°"A + 2.40 37.48"* + 1.90 40.64°* + 3.48 39.63%%* + 3.11

“ Means followed by the same lowercase letter in the columns and uppercase in the lines do not differ from each other, according to Tukey's test at
5% probability. CW: chitosan + wax; CWZ: chitosan + wax + ZnOpano; CR: chitosan + resin; CRZ: chitosan + resin + ZnOyano; SD: storage day.

Day 0

Day 2

Day 4

Day 8

Day 10

CwW

Ccwz

CR

CRZz

Fig.2 Visual aspects of fruits over time, after the first application of coatings. CW: chitosan + wax; CWZ: chitosan + wax + ZnOyn0; CR: chitosan
+ resin; CRZ: chitosan + resin + ZnOpano. T: treatment.

already more yellow. Silva et al. (2019)** observed changes
during storage in the colour of passion fruit peel coated with
cassava starch. From the 7th day of storage, the fruits began to
show a yellowish colour. According to the authors, this change
occurred due to the degradation of chlorophyll and the
synthesis of carotenoids.
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3.3. Visual appearance of the fruits and post-harvest loss

The physiological metabolism of passion fruit increases after
harvesting, which easily leads to problems such as water loss
and fruit wilting.”* Fig. 2 shows the images of the fruits over the

10 days of storage at room temperature. On the first day (D0) the

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 6 Percentage of losses due to external injuries over 10 days of storage after the first coating application®

Total amount of Percentage of
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Treatments fruits Total fruit lost losses (%)
CW 45 7 15.6
CWZ 45 8 17.8
CR 45 6 13.3
CRZ 45 5 111

% CW: chitosan + wax; CWZ: chitosan + wax + ZnO,.,,0; CR: chitosan + resin; CRZ: chitosan + resin + ZnOy,po.

Table7 Titratable total acidity (TTA), pH, total soluble solids (TSS) and ratio (TSS/TTA), over 10 days of storage, after the second application of the

coatings®
Parameters Storage day CR1 CRZ1 Control
pH 0 3.26** £ 0.07 3.26™ + 0.07 3.26°¢ + 0.07
2 3.27* £ 0.07 3.28* + 0.06 3.21%5€ + 0.05
5 3.34* 4+ 0.09 3.33** + 0.03 3.40°* + 0.02
7 3.35* 4 0.04 3.45* 4 0.13 3.37*% 1+ 0.09
10 3.40* + 0.08 3.47°* + 0.07 3.45°* + 0.03
TTA 0 3.45* £ 0.37 3.45* £ 0.37 3.45* 4 0.37
2 3.12** 4+ 0.51 2.98*8 4 0.06 3.36*8 + 0.27
5 3.50 + 0.15 3.06%PAP + 0.24 2.73%8 1+ 0.14
7 2.76* £+ 0.07 2.42°8 4+ 0.21 2.63%% + 0.38
10 2.77* + 0.08 2.69%P2B + 0.05 2.58P2 1+ 0.01
TSS 0 9.32** 4+ 0.1 9.32* 4+ 0.1 9.32*4 4+ 0.1
9.02* + 1.1 9.22* 4 0.6 9.58%* + 0.9
5 9.50* + 0.2 9.58* + 1.8 9.12*® + 0.8
7 8.83% + 0.5 7.65°% + 0.5 8.08%°% + 0.6
10 9.05% + 0.4 8.58%PAB + 05 8.18"F + 0.1
Ratio 0 2.72% 4 0.29 2.72% 4 0.29 2.72*5 4+ 0.29
2 2.90* £ 0.08 2.97* 4+ 0.17 2.90*® + 0.02
5 2.63% £ 0.12 3.17* 4+ 0.53 3.52% + 0.21
7 3.11* 4+ 0.31 3.13* 4 0.03 3.33% 4+ 0.01
10 3.15* + 0.18 3.30* + 0.07 3.17*® + 0.04

“ Means followed by the same lowercase letter in the rows and capital letters in the columns do not differ from each other, according to Tukey's test

at 5% probability. CR1: chitosan + resin; CRZ1: chitosan + resin + ZnOy,n; control: no coating.

—e—Resin
»—Resin + ZnOnano

Control

Weight loss (%)
(=)}

Storage day

Fig. 3 Fruit weight loss over 10 days of storage after the second
application of the coatings.

fruits are shiny and have a firm structure. From the fourth day
of storage, wrinkling was observed in all treatments. On the last
day of storage (10th day), all fruits had a less shiny appearance
and wrinkled. The physiological metabolism of passion fruit
involves a variety of biochemical processes, intrinsically

© 2024 The Author(s). Published by the Royal Society of Chemistry

influencing the changes observed in the fruit's appearance.
These changes, ranging from colour variations to modifications
in texture and aroma, represent visible manifestations of the
underlying metabolic activities associated with ripening of the
fruits.

The percentages of fruit losses during storage are shown in
Table 6. Fruits with external injuries and microbiological dete-
rioration and unfit for consumption were discarded. The
treatments CW and CWZ were the ones that lost the most fruits
during storage, with a loss of 15.6 and 17.8% respectively. The
fruits coated with resin and ZnO nanoparticles showed a lower
percentage loss.

Brazil is one of the countries that loses the most fruits and
vegetables during the post-harvest period; most of these losses
are associated with the lack of application of efficient conser-
vation methods. The 2021 Food Waste Index report, recently
released by the United Nations Environment Program (UNEP),
indicated that about 931 million tons of food were discarded as
waste in 2019.* This suggests that 17% of total global food
production could be wasted, underscoring the imperative for

Sustainable Food Technol., 2024, 2, 415-425 | 421
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Table 8 Fruit firmness in Newtons (N), over 10 days of storage, after the second application of the coatings”

Storage day
Treatments DO D2 D5 D7 D10
CR1 20.9%* + 2.0 18.9°* + 1.7 18.0°* £ 1.9 14.1°% £ 1.9 12.8°% + 1.7
CRZ1 20.9% + 2.0 17.7%%4% 1 1.2 16.1%°® + 2.2 15.0°%C + 1.7 12.9%¢ + 1.9
Control 20.9% 4+ 2.0 16.3° + 1.9 14.8"2¢ + 2.3 13.4%°P + 1.4 11.8°° £ 1.2

“ Means followed by the same lowercase letter in the columns and capital letters in the rows do not differ from each other, according to Tukey's test
at 5% probability. CR1: chitosan + resin; CRZ1: chitosan + resin + ZnOy,n,; control: no coating.

Table 9 Colour parameters L*, a* and b* of the fruits over 10 days of storage after the second application of coatings®

Storage day

0 2 5 7 10
L*

CR1 71.96** + 0.35 74.35%* + 2.00 73.76°* + 2.12 73.35%* + 2.08 72.33* + 2.46
CRZ1 71.96*% + 0.35 75.36% + 1.38 73.41%*8 4 2,56 72.49°% + 2.15 72.28%% 4+ 1.24
Control 71.96* + 0.35 71.50 + 2.91 69.93% + 2.03 69.75* + 1.66 69.85% + 1.17
a*

CR1 —5.16% + 1.30 —3.15°% £ 0.91 —2.56*%¢ 4 0.96 —2.06"° £ 0.68 —1.99%¢ 4+ 0.88
CRZ1 —5.16* + 1.30 —3.07°% £+ 0.62 —2.76%5¢ + 0.92 —1.46°° + 1.98 —2.10%%¢ + 0.53
Control —5.16* + 1.30 —3.36°% £ 0.72 —2.71*® £ 0.69 —1.21%° + 0.93 —0.91°¢ + 0.94
b*

CR1 38.94%F + 1.84 39.54P8 + 2.26 43.92* 4+ 1.83 44.33* £+ 2.53 45.12%4 4+ 1.97
CRZ1 38.94%® 4+ 1.84 41.14"PA + 2,94 43.77** + 2.29 44.27** + 2.76 43.43% +1.39
Control 38.94%% + 1.84 44.75* 4 2.82 44.37* £+ 2.00 46.17** £ 2.73 42.66* £ 0.94

“ Means followed by the same lowercase letter in the columns and capital letters in the rows do not differ from each other, according to Tukey's test

at 5% probability. CR1: chitosan + resin; CRZ1: chitosan + resin + ZnOy,no; control: no coating.

sustainable post-harvest management practices and innovative
coating technologies. Addressing these losses not only
enhances economic outcomes for producers but also aligns
with worldwide endeavours to diminish food waste and
enhance food security.

According to Md Nor & Ding (2020),*® a third of all food
production is lost in the post-harvest or wasted, where 45% of
this value corresponds to the waste of fruits and vegetables.

3.4. Increasing the resin concentration in the film forming
solution

Coatings formulated with rosin resin were more effective in
protecting fruits against weight loss and delaying the ripening
process, thus allowing the fruits to reach 10 days of storage with
adequate consumption conditions. In addition, the coated
fruits presented a better visual appearance and less fruit loss
during storage. Therefore, a new coating test was carried out to
increase the adhesion of the coatings on passion fruit and
improve the post-harvest quality of the fruits. For this, the effect
of increasing the rosin resin concentration from 0.6 to 0.8% w/v
was evaluated compared to uncoated fruits (control). Three
treatments were evaluated as follows: CR1, CRZ1 and control.
Regarding the physical-chemical characterization, the
values of total titratable acidity (TTA), pH, total soluble solids

422 | Sustainable Food Technol., 2024, 2, 415-425

(TSS) and ratio (TSS/TTA) of the fruits during storage are pre-
sented in Table 7. The pH value of passion fruit was not influ-
enced by storage time and types of coatings. On the other hand,
fruits coated with CR1 showed higher TTA and TSS when
compared to uncoated fruits after the 10th day of storage. This
fact may be related to the influence of the coating on the
conservation and maintenance of fruit quality. In terms of ratio
(TSS/TTA), treatments CR1 and CRZ1 did not show differences
in their values during storage. Overall, the inclusion of resin in
the coatings maintained the physical-chemical properties,
signifying control over the metabolic processes of the fruits.

All treatments showed weight loss over storage time, with no
significant differences between samples (Fig. 3). However, it was
observed that fruit firmness decreased during storage (Table 8).
The fruits coated with CR1 showed a higher value until the fifth
day of storage, indicating the influence of the coatings on
maintaining the firmness of the passion fruit.

The values of L*, a* and b* of passion fruit during storage are
shown in Table 9. The L* parameter, which is related to colour
brightness, decreased during storage for all treatments. Even
so, CR1 and CRZ1 treatments had the highest L* values
compared to the control treatment. For the parameter a*, which
is related to the green-red colour, an increase in its values was
observed at the end of the 12th day of storage. That is, the

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Day 10 T

Fig. 4 Visual aspects of fruits over time, after the second application of coatings. T: treatment; CR1: chitosan + resin; CRZ1: chitosan + resin +

ZNOpano; control: no coating.

Table 10 Percentage of fruit lost over 10 days of storage after the
second application of coatings®

Total amount of Total fruit Percentage of
Treatments fruits lost losses (%)
CR1 45 5 11.1
CRZ1 45 5 11.1
Control 45 14 31.1

% CR1: chitosan + resin; CRZ1: chitosan + resin + ZnOyap,; control: no
coating.

intensity of the green colour present in the fruits decreased
during storage. CR1 and CRZ1 treatments had the lowest
a* values compared to the control treatment. In terms of the
b* parameter, all treatments showed an increase during storage.
This increase is related to the increase in the yellow colour of
the fruits. The visual appearance of coated and uncoated fruits
is shown in Fig. 4. At the beginning of storage, the fruits were
shiny and with a firm structure. From the 8th day of storage,
wrinkling began to appear visibly on all passion fruit.

At the end of the storage period (10th day), the coated
passion fruit exhibited enhanced visual appearance in
comparison to the uncoated passion fruit (control). Specifically,
the coated fruits displayed reduced wrinkling and fewer dark
spots on the peel surface compared to the control treatment.
This fact suggests a potential association between the use of
resin in coatings and its influence on controlling the release of
water vapor.

Table 10 shows the percentages of fruit losses due to external
injuries during the 10 days of storage. The CR1 and CRZ1
treatments had the lowest rate of losses due to external injuries,
with a value of 11.1% for both treatments. On the other hand,
the fruits of the control treatment presented a loss index of

© 2024 The Author(s). Published by the Royal Society of Chemistry

31.1%, being 3 times higher than that by the coated fruits. The
decrease in the rate of loss due to the use of coatings shows the
great potential of using technology to control this problem in
passion fruit post-harvest.

4. Conclusions

Chitosan-based coatings containing rosin resin were efficient in
preserving passion fruit against weight loss and delaying the
ripening process. The coated passion fruit remained under
suitable conditions for consumption until the end of the 10th
day of storage. In addition, the fruits had a better visual
appearance and a lower rate of fruit loss during storage.

The increase in resin concentration in the film forming
solution improved the adherence of the coating on the fruit
surface and delayed the appearance of lesions when compared
to uncoated fruits. This allowed the fruits to reach 10 days of
storage under suitable conditions for consumption. The fruits
had a shiny appearance, making them more attractive to the
consumer.

The results obtained in this study showed the potential use
of biodegradable chitosan-based coatings combined with rosin
resin and ZnO nanoparticles in the food industry. The use of
coatings emerges as a practical solution to decrease losses,
preserve product quality, and embrace sustainable practices.
Given the demonstrated effectiveness of these coatings in
minimizing spoilage, their integration holds the potential to be
a valuable innovation for the food supply chain.
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