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Abstract

The present study aimed to evaluate the storage fruit potential of sour passion fruit progenies at temperatures of 7, 14 and 25
°C. The fruits were harvested at 30% yellow peel color, selected, sanitized and stored under refrigeration in chambers with
relative humidity of 80% (+ 5%) for a period of 12 days. The experiment was installed in a factorial scheme (3 x 3 x 4), with
three progenies selected in the breeding program (P42, P45 and P49), three storage temperatures (7, 14 and 25 ° C) and four
evaluation periods (0, 4, 8 and 12 days after storage). Analyzes of fruit mass, pulp mass, pericarp mass, pulp yield, pericarp
thickness, water loss, soluble solids content, titratable acidity and ascorbic acid content were performed. There were significant
differences among the studied progenies, P49 showed better traits than the other progenies, mainly regarding the resistance to
water loss, the main trait that affects the quality of the fruits. Storage at 14 °C for twelve days is feasible to maintain the quality
of sour passion fruit. The temperature of 7 °C inhibits the ripening of the fruits and promotes dehydration, confirming the

non-recommendation of storage in this condition.
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Practical Application: The sour passion fruit can be stored for up to twelve days at a temperature of 14 °C.

1 Introduction

The sour passion fruit (Passiflora edulis Sims) is native to
South America and widely cultivated in tropical and subtropical
countries (Bernacci et al., 2008). In 2019, Brazil produced 593,429
t of fruit in a harvested area of 41,584 ha (Instituto Brasileiro de
Geografia e Estatistica, 2021). The benefits of consuming this
fruit are reduction of glucose levels and metabolic control of
diabetes mellitus in humans (Queiroz et al., 2012; Sousa et al.,
2021), in addition to anti-inflammatory action (Silva et al., 2011).

The consumption of sour passion fruit has increased in recent
years, due to consumer demand for fruit for the preparation
of juice or by the processed juice industries, this increase in
demand leads to an increase in marketing prices, attracting
more and more producers to cultivate the fruit. However, in
commercialization there are some limitations, with consumer
preference for larger, sweet, low-acid and attractive-looking
fruits (Abreu et al., 2009).

Sour passion fruit is classified as a climacteric fruit
(Pongener et al., 2014), with high ethylene production at the
beginning of ripening, reducing as senescence occurs, which causes
rapid loss of water and reduced postharvest life (Winkler et al.,
2002; Rinaldi et al., 2017). The water loss from the fruits during
their commercialization promotes dehydration of the pericarp,
and consequent withering, giving the fruits a wrinkled aspect,
thus making them commercially devalued (Enamorado et al,,
1995; Hertog et al., 2015). This, coupled with the lack of adequate
technology for handling and conservation, causes great losses
in the post-harvest quality of these fruits (Favorito et al., 2017).

In order to improve fruit conservation and extend the marketing
period, many techniques can be used, such as refrigeration,
coating with waxes or wrapping with plastic films, hydrothermal
treatment, among others, and can be used in combination to
enhance their effects (Arruda et al., 2011; Venancio et al., 2013;
Rotili et al., 2013; Rinaldi et al., 2017).

The extension of the shelflife of sour passion fruit may favor
its commercialization, both in the Brazilian market, as well as
the export of the fruit to countries in North America, Asia and
Europe. One of the ways to enable this extension of the shelf
life is storage at low temperature, as it is an efficient technology
in maintaining quality and increasing the post-harvest life,
reducing the metabolic activity of the fruits (Singh et al., 2014).

Controlling temperature and humidity are the most important
factors for preserving fruit during storage (Wei et al., 2021). In
general, low temperatures and high relative humidity reduce the
respiratory rate, water loss and loss of fresh fruit mass (Siddiqui,
2015). The moisture loss by the transpiration process is the main
reason for the fruit mass loss during storage, with respiration
being a secondary factor (Kim et al., 2021; Lufu et al., 2021).
Moisture loss basically occurs due to the epidermis permeability
to water governed by a vapor concentration gradient between
the fruit and the storage atmosphere (Xanthopoulos et al., 2017;
Wei et al., 2021).

Refrigerated storage reduces the respiratory rate and fresh
mass loss of fruits (Siddiqui, 2015), maintaining their organoleptic
characteristics (Zhang et al., 2017). Therefore, the refrigeration
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during postharvest storage is the most basic and efficient technique
to extend the fruits shelf life (Lufu et al., 2021; Yugandhar et al.,
2021). However, as tropical fruits are sensitive to cold, the
management of post-harvest temperature requires attention
because, at subcritical temperatures, the disturbance known as
chilling injury will manifest itself, compromising the sensory
quality of the product (Mustafa et al., 2016; Yugandhar et al., 2021).

Sour passion fruit fruits are sensitive to high temperatures,
as it accelerates the rate of ripening and water loss, making
them dry and unattractive. At the same time, as it is a tropical
fruit, it is susceptible to damage by the cold action. A study by
Arjona et al. (1992) shows a rapid deterioration of the external
appearance and high loss of fresh mass at temperatures of 5
and 15 °C for sour passion fruit stored for 15 days, it is not
advisable to store these fruits below 5 °C. In purple passion
fruit, Maniwara et al. (2015) found that storage in a modified
atmosphere with refrigeration (10 + 1 °C) reduced water loss
and delayed fruit wrinkling, allowing storage life extension up
to 51 days.

For this reason, Strano et al. (2021) report the identification
of the most suitable selections in the genetic breeding for storage
at low temperature, that can be useful to obtain a high-quality
product with an extended shelf life, and suggest the best cultivars
to be planted. The passion fruit breeding programs in Brazil
have selected cultivars with high productivity and good quality,
with an increase in the length of the fruit storage period. In this
sense, the objective of the study was to evaluate fruits behavior
of sour passion fruit progenies at different temperatures of
storage over 12 days.

2 Materials and methods

Fruits of three progenies of complete siblings of sour passion
fruit from the Genetic Breeding Program of the Federal University
of Vigosa, showed in Table 1, were harvested in the orchard
of Department of Agronomy (Araponga, Brazil, 20°39’18”S,
42°31°18”W, about 885 m above mean sea level).

The fruits were harvested with 30% of the yellow peel color
and still adhered to the mother plant. Subsequently, the sour
passion fruits were sorted accordingly to their uniformity in
size, color, and lack of defects (blemishes, lesions and/or rot
symptoms). For experimental evaluation, the fruits were stored
under refrigeration in cold chambers at 7 °C, 14 °C and 25 °C
(+ 1 °C) and relative humidity of 80% (+ 5%) for a period of

Table 1. Sour passion fruit progenies evaluated in the experiment.

12 days. Fruits storage in 25 °C to the 12 days were fully ripe
with 100% yellow peel color.

At the beginning of the experiment, the fruit, pulp and
pericarp mean mass was determined for each progeny, in a digital
balance, with results expressed in grams (g); the fruit pericarp
thickness by reading with a digital caliper in the median portion
of the cut fruits in the equatorial region, with values expressed
in millimeters (mm); and the fruit pulp yield percentage was
also calculated using the ratio of the pulp mass (with seeds) to
the fruit mass, with results expressed as percentage (%).

To determine fruits water loss, a batch of fruits was separated
and weighed in a semi-analytical balance at the beginning of
storage and at 4, 8 and 12 days, the results were obtained by
the difference among the initial mass and the fruit mass each
evaluation period, expressed as percentage (%).

In all evaluation periods (0, 4, 8 and 12 days), the pulp soluble
solids content was obtained by means of a digital refractometer,
analyzing the pulp juice of each fruit, with results expressed in °Brix;
the titratable acidity, determined by titration with 0.2 N NaOH
and 1% phenolphthalein as indicator, with results expressed in
mg of citricacid per 100g " of juice; and the ascorbic acid content,
determined by titration with 2.6 dichlorophenolindophenol
(DFI), until a permanent light pink color is obtained, using
2g of the pulp diluted in 50 mL of 1% oxalic acid, with results
expressed in mg of ascorbic acid per 100g™.

The experiment was installed in a factorial scheme
(3 x 3 x 4), with three progenies (P42, P45 and P49), three storage
temperatures (7, 14 and 25 °C) and four evaluation periods (0,
4,8 and 12 days). The design used was completely randomized,
with 4 replications and 3 fruits per experimental unit, totaling
12 fruits per treatment, both in destructive analysis and fruits
water loss. Linear model was used to explore the relationships
between water loss and storage time in progenies stored at 7,
14 and 25 °C. The data were subjected to analysis of variance
using the F test and the means were compared using the Tukey
test at 5% probability, and analyzed by the GENES program
(Cruz, 2013).

3 Results and discussion

There was significant variation among the progenies studied
for the traits such as fruit mass, pericarp mass, pulp mass, pulp
yield and pericarp thickness. Progeny 49 had higher averages for
all traits evaluated compared to the other progenies (Table 2).

Progenie Ancestry*
Female parent (%) Male parent (&)
P42 Mutant genotype with low photoperiod and temperature Mutant genotype selected with resistant to the isolates of F
requirement (UFVM?7.1) oxysporum f sp. passiflorae (UFVM54)
P45 Mutant genotype with low photoperiod and temperature BRS SC1
requirement (UFVM?7.1)
P49 BRS SC1 Mutant genotype with low photoperiod requirement and

temperature (UFV-M7.2)

*UFVM?7.1 and UFVM7.2 - progenies selected, and UFVM 54 - elite progeny of the Passion Fruit Genetic Breeding Program at UFV; BRS SC1 - Commercial cultivar developed by

Empresa Brasileira de Pesquisa Agropecudria.
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Table 2. Mean values of mass (fruit, pulp and pericarp), pulp yield and
pericarp thickness in the three progenies of sour passion fruit from the
UFV Genetic Breeding Program.

Trait Progenies CV (%)*
P42 P45 P49
Fruit mass (g) 107.45b 127.13ab  153.17a 21.69
Pericarp mass (g) 60.37b 72.03b 93.59a 16.27
Pulp mass (g) 47.08b  55.09b 88.71a 40.31
Pulp yield (%) 42.26b 41.32b 53.01a 16.42
Pericarp thickness (mm) 4.60b 4.95b 6.73a 18.52

Mean followed by the same letter on the line do not differ by Tukey’s test at 5% probability.
*CV - coeflicient of variation.

These results show genetic variability among the studied
progenies, being advantageous in the genetic breeding of sour
passion fruit, because it provides genetic gains and selection of
more promising progenies according to the purpose of the fruits.

The fruit mass presented values ranging from 107.45 to
153.17g, due to the fact that the progenies were still in selection
phases in the breeding program, in addition to being originated
from parents selected for low photoperiod and temperature
requirements.

The preference of consumers when choosing fruits is
generally for those of larger size and with attractive coloring,
thus establishing certain patterns for commercialization by
consumer markets. Thus, the consumer seeks to select larger
fruits for greater juice yield.

Thus, analyzing the fruit pulp yield, it is observed that, P49
showed high pulp yield (53.01%), superior to the other progenies.
Pereira et al. (2018) when evaluating the FB200 cultivar, found
yield averages of 40.6%.

Krause et al. (2012) searching IAC 275, IAC 277, FB 100,
FB 200, BRS SC1, BRS GA1 and BRS OV 1 cultivars found fruit
pulp (seeds with aril) yield values of 41.7%, 45.7%, 37.5%, 37.9%,
38.3%, 36.6% and 36.6%, respectively. Therefore, it appears that
in the present study P49 demonstrates superiority regarding the
other cultivars presented by the authors, previously, demonstrating
that the selection practiced in the UFV breeding program has
provided improvements in this trait, surpassing even the standard
stipulated by the industry, around 40%.

In Figure 1, it can be seen that there was an increase in water
loss from the fruits due to the temperatures and throughout the
storage period. According to the estimated linear equations, based
on the slope, the largest losses were obtained at a temperature
of 25 °C, followed by 7 °C and 14 °C.

Passion fruit respiratory rate and fresh mass loss is high
and its quality deteriorates rapidly after harvest (Li et al., 2020),
especially at higher temperatures. The percentage of fresh mass
loss of passion fruit stored at 14 °C was lower when compared to
those stored at 25 °C. However, at the end of storage, curiously
the fruits stored at 7 °C remained green and dehydrated. These
results demonstrate that very low temperatures are not necessarily
able to contain the dehydration process and fruits wilting,
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Figure 1. Water loss in fruits of sour passion fruit progenies stored at
7, 14 and 25 °C with RH 80% (+ 5%) for up to 12 days.

probably due to chilling injuries, as also reported in passion
fruit by Diaz et al. (2012) and Arjona et al. (1992).

Passiflora setacea fruits stored at a temperature of 6 °C for
21 days observed the appearance of chilling injury (Rinaldi et al.,
2017). Arjona et al. (1992) also found a rapid deterioration
of the external appearance and high loss of fresh mass at a
temperature of 5 °C for sour passion fruit stored for 15, 30 and
45 days. In papaya, also a tropical species, fruits stored below of
7 °C had their maturation inhibited and induce chilling injury
(Zou et al., 2014).

The reduction of passion fruit water loss and wrinkling is
important, as its commercialization is carried out by the fruit
mass and external appearance. When analyzing the progenies
in each evaluation period (Figure 2), we verified that there are
differences among them, presenting the P49 lower water loss
among the progenies evaluated for all temperatures, highlighting
the water loss after 12 days of storage of 8.51% at 14 °C. Thus,
breeding programs in their selection stages must incorporate
the assessment of resistance to water loss, with the possibility
of obtaining progenies with greater conservation capacity
throughout the marketing period.

According to the Federagdo da Agricultura do Estado do
Parana (2020), passion fruit is considered to be wither from
a fresh weight loss of 8% of its initial weight, as it impairs the
appearance, depreciating its commercial value. Taking as a
reference the water loss of 8%, only the fruits of P49 stored at
14 °C could be marketed until the 12th day.

As for the content of soluble solids, there were differences
among the progenies regardless of the temperature in the initial
evaluation period (Figure 3A), with superiority of P49. On the
eighth day of storage (Figure 3C), progenies 42 and 49 interacted
with storage temperatures, with P49 expressing its highest soluble
solids content at 14 °C, while for P42 this occurs at 7 °C.

In general, the soluble solids content was not influenced by
storage, remaining with little variation over the evaluation periods.
Arruda et al. (2011), also did not observe the temperature and
storage time effects on fruits of sour passion fruit.
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Figure 2. Water loss in fruits of three sour passion fruit progenies (P42, P45 and P49) stored at 7 (A), 14 (B) and 25 °C (C) with RH 80% (+ 5%)
for up to 12 days.
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Figure 3. Soluble solids content (SS) in fruits of three sour passion fruit progenies stored at 7, 14 and 25 °C with RH 80% (+ 5%) for up to 12 days.
Upper case letters compare temperature within each progenies in each stored day, lowercase letters compare progenies within each temperature
in each stored day. Means followed by the same letter are statistically equal according to Tukey test (p < 0.05).
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At the end of the evaluation period (12th day - Figure 3D), the
P42 progeny had a higher content of soluble solids (14.22 °Brix)
compared to the others, at 14 °C. In the literature, the average
values of soluble solids content vary considerably. Pereira et al.
(2018) found mean values of 10.59 °Brix, while, Krause et al.
(2012) found average values of soluble solids content for FB
200 cultivar of 13.9 °Brix. These differences in the soluble solids
content reported in different studies with sour passion fruit are
due to the variability of cultivation conditions and environment.

On 4th and 8th days of the storage, there was a reduction in
the titratable acidity content due to temperature rise (Figure 4).
On the eighth day of storage, the fruits stored at 7 °C showed
higher titratable acidity contents, thus showing the temperature
effect on the fruits metabolism reduction, and on the 12th day
of storage there is no more difference among the progenies
(Figure 4D). The reduction in acidity with the rise in temperature
is due to organic acids degradation in the respiratory process of
fruit ripening (Shahkoomahally & Ramezanian, 2015; Chaet al,,
2019), thus, the passion fruit ripening process is supported by the
organic acids consumption, since the fruit has no starch reserves.

The progenies showed different behavior in each storage
temperature, on the 4th and 8th day of evaluation there were no
significant differences among the progenies for the temperatures
of 14 and 25 °C, however for the temperature of 7 °C there was
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a difference among the progenies on the 4th day, P49 showed a
higher titratable acidity mean (Figure 4B).

Regarding the progenies titratable acidity content as a
function of the evaluation periods, in general there was a
decrease in the titratable acidity over time at all temperatures
evaluated. The lowest acidity content was observed at 25 °C on
the last evaluation day in all progenies (Figure 4D), which reflects
the higher metabolic activity in the fruits with the increase in
temperature and throughout the evaluation periods. Arruda et al.
(2011) to assess the effect of chemicals and storage temperature
on disease incidence in sour passion fruit, checked the ascorbic
acid content reduction in higher temperatures due to increased
metabolic activity.

As for the ascorbic acid content, there were significant
differences among progenies in each storage temperature in the
evaluation periods (Figure 5), with the exception of 12 days at
25°C. Atatemperature of 25 °C, evaluating the progenies in each
evaluation period, it is observed that P42 had a higher ascorbic
acid content in the periods of 0, 4 and 8 days, and equaling the
other progenies at the end of storage (12th day).

Evaluating each progeny throughout the experimental
period, a very different behavior is observed among them. The
ascorbic acid content remained constant among temperatures
over the experimental period for P42. While for P45, at 12
days, and P49, at 8 and 12 days, there are differences among
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I I i |
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Figure 4. Titratable acidity (TA) in fruits of three sour passion fruit progenies stored at 7, 14 and 25 °C with RH 80% (+ 5%) for up to 12 days.
Upper case letters compare temperature within each progenies in each stored day, lowercase letters compare progenies within each temperature
in each stored. Means followed by the same letter are statistically equal according to the Tukey test (p < 0.05).
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Figure 5. Ascorbic acid in fruits of three sour passion fruit stored at 7, 14 and 25 °C with RH 80% (+ 5%) for up to 12 days. Upper case letters
compare temperature within each progenies in each day of stored, lowercase letters compare progenies within each temperature in each stored
day. Means followed by the same letter are statistically equal according to the Tukey test (p < 0.05).

temperatures, with higher levels at 25 °C. Among the progenies
at the evaluated temperatures, P42 superiority was observed in
the storage periods.

At 25 °C, there is degradation of the ascorbic acid content
over the storage periods for P42, while for P45 and P49 an
irregular behavior was observed, with elevation at 8 and 12 days.
Rotili et al. (2013) when evaluating the chemical characteristics
of sour passion fruit packed or not in PVC film and stored at
5°C, observed a significant increase in the ascorbic acid content
until the 20th day of storage, followed by a decrease until the
40th day. In a study by Arruda et al. (2011) in order to assess the
effect of chemicals and storage temperatures on the incidence of
disease, the ascorbic acid content was influenced by the storage
period, with a reduction of approximately 10% after 10 days.

In acerola fruit harvested at different stages of maturation and
stored refrigerated, the ‘Flor Branca’ cultivar showed a reduction
in the ascorbic acid content at 8 °C regarding higher storage
temperatures (10 and 12 °C) at 14 days of evaluation (Ribeiro
& Freitas, 2020). Nunes et al. (1998) showed that inhibiting
water loss by wrapping strawberries with PVC film reduced
ascorbic acid degradation, reported to be more important that
temperature control. Thus, variations in results may be due to
numerous factors, such as: genetic influences, fruit size, maturity,
cultivation conditions and environment.

The present study indicates the importance of characterizing
the postharvest behavior of passion fruit progenies, reflecting that
the breeding programs should not only select for fruits quality,
and should consider conservation, especially if they are subjected
to long periods of storage for reach distant consumers market.

4 Conclusions

1. P49 progeny show better aptitude for cold storage, especially
regarding the resistance to water loss during postharvest
storage;

2.Storage at 14 °C for twelve days provides less water loss
of sour passion fruit;

3. Temperature of 7 °C inhibit the fruits ripening and
promote dehydrated, the storage of sour passion fruits in
this condition is not recommend.
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