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HIGHLIGHTS
¢ Fruit ripening impacts pulp yield, shape, and firmness.
¢ Nutritional content changes with advancing ripening stages.
e Ascorbic acid increases with ripening, offering health benefits.

¢ Phenolic compounds decline with ripening, affecting antioxidants.

Abstract: Wild passion fruit (Passiflora cincinnata) has great adaptability to the semi-arid environment of the
Caatinga biome, Brazil. However, information about the postharvest quality and the ideal ripening points of
the fruits are still insufficient in the literature. Thus, the objective of this study was to analyze the physical,
chemical characteristics and bioactive compounds of P. cincinnata fruit at different ripening stages, harvested
in the Brazilian semi-arid region. Three ripening stages (stage | = 100% green peel color; stage Il = green-
yellow peel color; stage 11l = yellow-green peel color) were evaluated. Physical characteristics (pulp yield with
seeds pulp yield without seeds, pulp volume without seeds, fresh peel mass, rind thickness, longitudinal fruit
diameter, transversal fruit diameter, fruit shape, longitudinal inner cavity diameter, transversal inner cavity
diameter, and firmness) in the whole fruit and physicochemical (moisture, ashes, pH, H* ion concentration,
soluble solids, titratable acidity, SS/TA ratio, reducing sugars, non-reducing sugars, soluble sugars, and
proteins) and bioactive compounds (ascorbic acid, total chlorophyll, carotenoids, flavonoids, anthocyanins,
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and phenolic compounds) in the fruit pulp were evaluated. Based on the physical and physicochemical
characteristics and bioactive compounds analyzed in the P. cincinnata pulp, the stage Il of ripening stands
out as the most promising for in natura consumption and elaboration of food products of this fruit. The results
obtained allowed us to prove the nutritional potentiality of the fruit, providing technical subsidies for the use
of P. cincinnata in agroindustry.

Keywords: Caatinga biome; bioactive compounds; wild passion fruit; fruit quality.

INTRODUCTION

The species Passiflora cincinnata Mast. (Passifloraceae) is popularly known in Brazil as maracuja do
mato, maracuja da Caatinga, maracuja selvagem or maracuja da casca verde. This wild species of passion
fruit has an opaque straw-green peel, and long-lived, aromatic, and acid-flavored fruits that are resistant to
handling and transport [1]. Its fruit is extremely aromatic, presenting an exotic aroma and flavor, as well as
good nutritional value, being a source of minerals (K, Fe, P, Ca) and vitamins A, C, and B complex [2].

This species is common in the semiarid region of northeastern Brazil, and shows greater tolerance to
drought stress compared to other species such as the yellow passion fruit (Passiflora edulis) [3], with
significant commercial and social potential, considering its good development and use as food in arid and
semiarid areas subject to water restriction. Wild passion fruit produces fruits with smaller masses than other
passion fruit species [4]. P. cincinnata has tolerance to drought, which makes its cultivation viable in water-
restricted environments. In addition, this species produces a sour fruit, having resistance to drought and a
number of diseases and/or pests that affect the common passion fruit [2].

From anthesis to ripening, fruits undergo several morphological, histochemical, and biochemical
differentiations that are intrinsically related to the harvest point [5]. The fruits of P. cincinnata commence
detaching from the plants at stage Ill, as determined in this study. Consequently, there is a necessity to
establish an appropriate stage to prevent the harvesting of fruits prior to their detachment from the plant, as
this may result in reduced fruit quality, as well as susceptibility to diseases and mechanical damage. This
situation makes it difficult to identify the harvest point (physiological maturity), which can be perceived by
applying pressure at the distal position of the fruit, which yields slightly to pressure when it is ripe [6]. Santos
and coauthors [7] observed dehydration of the fruit of P. cincinnata and the possibility of contamination by
microorganisms when harvested after its natural abscission, reducing the conservation and
commercialization period, which can lead to significant losses in postharvest quality.

The postharvest quality of P. cincinnata fruits has already been investigated [1, 2, 3, 4]; however, studies
on the optimal harvest time for these fruits are scarce. Because it is a fruit that presents a climacteric pattern
of respiration, and thus can be harvested before ripening, there is a need to evaluate all its characteristics at
different stages of maturity, to identify the composition and determine which stage of the fruit's development
shows better characteristics for consumption and/or elaboration of food products. Furthermore, the cultivation
of this fruit in semi-arid regions is an economically viable alternative for local farmers, considering its
adaptation to the climate of these regions. Thus, the objective of this study was to analyze the physical,
chemical characteristics and bioactive compounds of P. cincinnata fruit at different ripening stages, harvested
in the Brazilian semi-arid region.

MATERIAL AND METHODS

Harvesting and locational aspects

Passiflora cincinnata fruit were harvested in the municipality of Cerro Cora, RN, Brazil (6° 02’ 44” S and
36° 20’ 45” W, altitude of 575 m), at different stages of physiological ripening. Homogeneous fruits, using
criteria of peel coloration, uniformity of size, and good phytosanitary conditions, were harvested and packed
in plastic boxes and transported to the Laboratory of Chemistry, Biochemistry, and Food Analysis, at the
Universidade Federal de Campina Grande, Pombal Campus, Paraiba state, Brazil, where the physical and
post-harvest fruit quality analyses were performed.

Experimental design and treatments

A completely randomized design with three treatments and five replications, with three fruits per
experimental unit, was used, totaling 15 fruits per ripening stage. Three ripening stages (stage | = 100%
green peel color; stage Il = green-yellow peel color; stage Il = yellow-green peel color) were evaluated
(Figure 1).
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Figure 1. Ripening stages of Passiflora cincinnata fruit. Stage | (A), stage Il (B), and stage Il (C).

Experimental procedures

The fruits were washed in running water and sanitized in a sodium dichloroisocyanurate solution
(2 g L? of water) for five min, and then dried at room temperature for 15 min. The fruits were then stored on
sanitized and disinfected tables, with a temperature of 24 °C + 2 °C and a relative humidity of 55% + 5%.

Physical analysis of the fruit

The pulp with seeds was extracted from the fruit and filtered through a 1 mm polyester sieve. The fresh
masses of the fruit, pulp (with and without seeds), and peel, and the volume of the seedless pulp, were
evaluated.

The transverse and longitudinal diameters of the intact fruit and the transversal and longitudinal inner
cavity diameters were measured. Fruit shape was determined from the ratio of longitudinal to transversal
outer diameter [8]. The firmness was measured on the opposite sides of the fruit, at the equatorial region with
a penetrometer (PCE-PTR 200 - 3 mm tip), with results expressed in Newtons (N).

Physicochemical analysis of the pulp

Moisture and ash content

Pulp moisture was determined by the difference between fresh samples of 5 g and samples of the same
weight dehydrated in a forced air circulation oven (Solab, SL-101) at 105 °C until constant mass was reached.
A 5 g sample of the pulp was carbonized in a muffle furnace (LUCA-2000G/DI), gradually increasing the
temperature to 550 °C to determine the ash content. The ashes were cooled in a desiccator to room
temperature and then weighed on a digital precision balance [9].

pH and concentration of H+ ions

The pH was determined in a benchtop digital potentiometer (Digimed DM22), with direct reading of the
fruit pulp samples. The pH results were also expressed as mM concentration of [H*] ions according to the
equation: [H*] = 10P".

Soluble solids, titratable acidity, and SS/TA ratio

The pulps were ground and filtered through a layer of cotton cloth, and the soluble solids (SS) content
was determined by direct reading in a digital refractometer (HI96801). Titratable acidity (TA) was determined
by titrating 3.0 mL of macerated pulp diluted in 47 mL of 0.1 N sodium hydroxide, using 1% phenolphthalein
as an indicator. The SS/TA ratio was expressed by the ratio between soluble solids and titratable acidity.

Soluble, reducing, and non-reducing sugars

The content of soluble sugars was determined according to the methodology of Yemm & Willis [10], and
reducing sugars by the dinitrosalicylic acid method [11]. These variables were determined by
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spectrophotometry (Spectrum SP1105) to be 620 and 540 for soluble and reducing sugars, respectively.
Glucose was used as a reference to obtain the standard curve. Non-reducing sugars were the result of the
difference between soluble and reducing sugars.

Proteins

Proteins were determined using the method described by Cecchi [12]. For the digestion procedure, 0.2
g of pulp, 1.5 g of catalyst, and 3 mL of H,SO, were added in a test tube. The tube was inserted into a digester
at 100 °C, increasing by 50 °C every 30 minutes, until 400 °C was reached. The samples remained in the
hood until they reached room temperature. For the distillation procedure, 5 mL of water and two drops of
phenolphthalein were added. Afterwards, the sample was transferred to a distiller, adding 63% NaOH until
the medium was alkalinized. In an Erlenmeyer flask, 10 mL of boric acid (2%), 4 drops of methyl orange, and
6 drops of bromocresol green were placed. Distillation was performed until 50 mL was reached in the
Erlenmeyer flask. Titration of the distillate proceeded with a 0.1 M hydrochloric acid solution.

Bioactive compound analysis

Ascorbic acid

Ascorbic acid contents were determined by titrating 0.5 g of each sample diluted in 49.5 mL of oxalic
acid (5%), followed by titration against 2,6 dichlorophenolindophenol solution (0.2%) [9].

Total chlorophyll and carotenoids

These variables were determined by the method proposed by Lichtenthale [13]. An extract was produced
from the maceration and dilution of 0.2 g of pulp, 0.2 g of calcium carbonate, and 5 mL of 80% acetone, in a
dark environment. The extract was placed in a refrigerated centrifuge (CT-500R) at 10 °C and 8.8 x 103 g for
10 minutes. The supernatant was read in a spectrophotometer (Spectrum SP1105) at 663 and 646 nm (total
chlorophylls) and 470 nm (total carotenoids).

Flavonoids and anthocyanins

The content of flavonoids and anthocyanins was determined according to the method described by
Francis [14]. An extract was produced from maceration and dilution of 0.5 g of pulp in 10 mL of ethanol/HCI
1.5 N (85:15) in a dark environment, followed by refrigerated resting for 24 hours. The extract was centrifuged
at 3500 rpm at 10 °C for 10 minutes. The supernatant was read in a spectrophotometer (Spectrum SP1105)
at 374 nm for flavonoids and at 553 nm for anthocyanins.

Phenolic compounds

The phenolic compounds were determined from the Folin-Ciocalteau method [15], with modifications.
Extract was prepared by maceration and dilution of 3 g of sample in 50 mL of distilled water, with subsequent
resting for 30 minutes. A solution containing 500 pL of the pulp, 1,625 uL of distilled water, and 125 uL of
Folin-Ciocalteau reagent was prepared in test tubes, which were shaken (NI 1107 shaker) and left to stand
for five minutes. Then 250 uL of sodium carbonate (20%) was added, further shaking was performed, and
the tubes were incubated in a thermostatic bath (HM 0128) at 40 °C for 30 minutes. The contents of phenalic
compounds were quantified by reading the resulting solution in a spectrophotometer (Spectrum SP 1105) at
765 nm, using gallic acid as a reference.

Statistical analyses

The data was subjected to the analysis of variance (ANOVA) and, when significant effects were noted
by the F test (p<0.05), Tukey test (p<0.05) was applied. Statistical procedures were performed using the R
program [16].

RESULTS

The pulp yield with seeds, seedless pulp volume, transversal inner cavity diameter, fruit shape, and
firmness of the fruit were different at different ripening stages. The peel fresh mass decreased (22.73%) with
the advancing fruit ripening stage, as did the longitudinal fruit diameter (11.11%), shape (15.52%), and
firmness (83.31%) of the fruit at stage Il (Table 1).
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Variables Stage | Stage Il Stage Il CV (%)
Pulp yield with seeds, g 37.90+2.15b 46.60+2.11a 42.80+2.20ab 19.69
Pulp yield without seeds, g 17.10+1.10 a 20.59+1.47a 19.82+0.94a 23.25
Pulp volume without seeds, mL 13.48+0.98b 16.33+1.28a 16.26 +0.82 a 15.89
Peel fresh mass, g 26.49+1.87a 23.37+1.17 ab 20.47+150b 25.50
Peel thickness, mm 3.89+0.29 a 3.69+0.16 a 3.52+0.20a 23.92
Longitudinal fruit diameter, mm 5781+1.38a 5491 +0.92 ab 51.39+1.19b 8.34
Transversal fruit diameter, mm 49.91+0.73 a 52.22+0.61a 52.25+1.02a 6.10
Fruit shape 1.16 £+ 0.02 a 1.05+0.02b 0.98+0.02b 9.11
Longitudinal inner cavity diameter, mm 38.38+1.05a 39.46+1.26a 37.80+1.39a 12.50
Transversal inner cavity diameter, mm 37.78+0.89b 40.64 £ 0.68 a 39.33+0.89ab 8.20
Firmness, N 3494 +0.36 a 17.60+1.16 b 583+048c 15.09

Means + standard deviation followed by the same letter, on the line, do not differ by Tukey test (p<0.05). CV: coefficient
of variation.

Seedless pulp yield, peel thickness, transversal fruit diameter, and longitudinal inner cavity diameter of
the fruit were not affected by ripening stages (Table 1). However, in the pulp yield with seeds, there were
differences between the stages of ripening, with the lowest value presented in stage |, while the pulp yield in
stages Il and Ill had increases of 22.95% and 12.92%, respectively. The pulp volume also increased by
17.09% in relation to stages | and Ill.

The pH, H* ion concentration, soluble solids, titratable acidity, SS/TA ratio, reducing sugars, non-
reducing sugars, soluble sugars, and proteins had differences regarding the ripening stages. Pulp moisture
and ash content were not affected by the stage of fruit ripening (Table 2).

Table 2. Physicochemical analysis of the pulp of Passiflora cincinnata fruits harvested at different ripening stages

Variables Stage | Stage Il Stage Il CV (%)
Moisture, % 87.85+0.22 a 88.43+0.40a 87.79+0.12a 0.70
Ashes, % 0.30+0.052 a 0.31+0.006 a 0.31+0.006 a 22.36
pH 3.09+0.01c 3.60+0.03b 3.74+0.02 a 0.67
H* ion concentration, uM 817.90+81.79 a 251.01+£25.10b 180.54 £ 18.05 ¢ 4.61
Soluble solids, % 12.80+£0.16 b 13.29£0.13 ab 13.52+0.58 a 2.68
Titratable acidity, % 6.07+0.15a 5.35+0.22b 5.04+0.15b 7.36
SS/TA ratio 211+0.14b 250+0.22a 2.69+0.27 a 8.79
Reducing sugars, mg 100 g 1.73+£0.03c 2.05+£0.02b 245+0.09 a 6.75
Non-reducing sugars, mg 100 g* 5.13+0.16 c 7.44+£0.27Db 9.35+0.30 a 7.76
Soluble Sugars, mg 100 g 6.86+0.14 ¢ 9.49+0.28b 11.80+0.27 a 5.85
Proteins, % 0.36 + 0.006 a 0.29+0.005b 0.29+0.013b 6.50

Means + standard deviation followed by the same letter, on the line, do not differ by Tukey test (p<0.05). CV: coefficient
of variation.

The pH increased by 17.38% with the increasing ripening from stage | to Il of the fruit, while the
concentration of H* ions decreased (73.93%) with advancing stages. Soluble solids content, SS/TA ratio,
reducing, non-reducing, and total sugars increased with the advancing ripening stage (5.33, 21.56, 29.39,
45.13, and 41.86%, respectively), while titratable acidity and protein content decreased (16.97 and 19.44%,
respectively) (Table 2).

All bioactive components evaluated, except the flavonoid and carotenoid contents, were affected by the
ripening stages of the fruit. The ascorbic acid content increased by 33.66% between ripening stages | and
lll. The content of chlorophylls, anthocyanins, and phenolic compounds decreased (47.52, 13.88, and
30.75%, respectively) (Table 3).
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Table 3. Bioactive components of the pulp of Passiflora cincinnata fruits harvested at different ripening stages

Variables Stage | Stage Il Stage llI CV (%)
Ascorbic acid, mg 100 g* 8.71+0.24b 7.60+0.03 ¢ 13.13+0.07 a 3.35
Total chlorophyll, mg 100 g* 1.01+0.02a 0.48+0.04b 0.53+0.03 b 11.93
Carotenoids, mg 100 g 0.00 £ 0.004 a 0.06 = 0.009 a 0.03 £0.007 a 17.81
Flavonoids, mg 100 g 10.08 £ 0.54 a 8.88+0.30 a 8.68+0.19 a 9.23
Anthocyanins, mg 100 g 0.72+0.01a 0.82+0.03 a 0.10+£0.05b 13.94
Phenolic compounds, mg 100 g 75.67 +£1.08 a 60.78+1.14 b 5240+ 0.55¢c 3.42

Means + standard deviation followed by the same letter, on the line, do not differ by Tukey test (p<0.05). CV: coefficient
of variation.

The variables of the first group, including anthocyanin content (Ant), titratable acidity (TA), protein (Prot),
firmness (F), phenolic compounds (Phen), H* ions (H), chlorophylls (Chl), and flavonoids had positive
correlations with each other. The second group, formed by ascorbic acid (AA) content, pulp volume (PV),
soluble solids (SS), SS/TA ratio (SS/TA), carotenoids (Car), pH, reducing sugars (RS), non-reducing sugars
(NRS) and total sugars (TS) also correlated positively. The first group was negatively correlated with the
second group (Figure 2). Transversal fruit diameter (Dt) and transversal inner cavity diameter (TICD) were
negatively correlated with the first group and positively correlated with the second group.
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Figure 2. Pearson’s correlation for the analyzed variables of the pulp of Passiflora cincinnata fruits harvested at different
ripening stages.
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DISCUSSION

Advances in the fruit ripening stage influenced pulp yield with seeds, pulp volume, transversal inner
cavity diameter, fruit shape, and firmness of P. cincinnata fruits (Table 1). In another study with two P.
cincinnata genotypes, an increase in the yield of seeded pulp was also observed during advances in the fruit
ripening stage [17].

The longitudinal fruit diameter diminished with increasing ripening stages, and this may be due to genetic
factors and the soil and climate conditions of the region where the plants were grown. Reduction in fruit
diameters with increasing ripening stages is common in passion fruit, as observed in P. cincinnata [1], mainly
due to water loss and decreased peel firmness (Table 1). Fruit shape was highest in fruits harvested at stage
I, decreasing with the advancing ripening stage, and this indicates that the fruits were more oval shaped at
the first stage, and as ripening progressed, they approached a more rounded shape [1].

Fruit firmness decreased with increasing ripening stage. This reduction in firmness occurs mainly due to
the degradation of polysaccharides in the cell wall, such as pectins, which promote consistency in the peel
[18,19].

Pulp moisture was not affected by the stages of fruit ripening (Table 2), a trait which can be very useful
in postharvest storage processes, since rapid water loss is one of the main factors responsible for decreasing
the quality of passion fruit [20]. The ash content was also not altered by the stages of ripening. The moisture
content ranged between 87.75 and 88.43%, values similar to those found by Carvalho and coauthors [21]
(85.4-87.7%) and by Bomtempo and coauthors [22] (85.6-87.9%) in P. setacea.

The pH increased and the H* ion concentration decreased with advancing fruit ripening stages (Table
2). These results were consistent with the fruit pH data, because the lower the pH of a substance, the higher
the concentration of H* ions. This behavior is typical of some acidic tropical fruits, due to the increased
synthesis of organic acids during ripening [23]. In ripe fruits of P. cincinnata, pH similar to that of this work
(between 3.09 and 3.74) was also observed [24].

The soluble solids content of the P. cincinnata fruits analyzed ranged between 12.80 and 13.52%. This
characteristic indicates the amount of solids that are dissolved in the juice or fruit pulp, of which, between 65
and 85% correspond to sugars. This variable increased with the advance of the ripening stage, and normally
it tends to increase with ripening [25]. According to Brazilian legislation, commercial yellow passion fruit
should have pulp with a soluble solids content above 11% and a pH between 2.7 and 3.8 [26]. Based on
these two quality parameters, the P. cincinnata fruits analyzed are within the Brazilian commercialization
standards. The soluble solids behavior observed in this study was evidenced by the soluble sugars, which
also increased with advancing ripening. These results indicate that most of the soluble solids present in the
fruit of P. cincinnata are soluble sugars, and that the advancement of ripening promotes the accumulation of
these compounds.

The titratable acidity decreased with the advancement of the ripening stages. These results are inverse
to that of pH, which increased with the advancement of the ripening stage of P. cincinnata fruits. This is
related to the fact that acidity decreases with advancing ripening and, consequently, pH increases [25].
Reduction of titratable acidity with the course of the ripening process was observed in P. edulis fruit [27].

The SS/TA ratio decreased with the advance of the fruit ripening stage (Table 2). This variable evaluates
the sweet or acid nature of the pulp, which characterizes the taste of the fruits. This variable is one of the
most practical ways to assess fruit flavor, so when acidity increases, the SS/TA ratio decreases, and when
acidity decreases, the SS/TA ratio increases [28]. The results of this study indicate that with ripening, the
relation between sugars and organic acids in the pulp was increased, thus increasing the sweet taste of P.
cincinnata fruits. The SS/TA ratio values are quite variable in passion fruit due to the great genetic variability
existing between species and varieties, which makes it difficult to establish an ideal value. In P. cincinnata,
D’Abadia and coauthors [17] observed SS/TA values, in fruits in the final ripening stages (60 to 120 days
after anthesis), ranging between 2.20 and 2.70, depending on the genotype used. In P. alata, Alexandre and
coauthors [28] found SS/TA values ranging between 2.57 and 5.64, when evaluating 33 genotypes of this
species.

Reducing sugars are monosaccharides, such as glucose and fructose, which have free carbonyl and
ketone groups and can be oxidized by oxidizing agents in alkaline solutions [29]. In this study, the content of
reducing sugars in the pulp of P. cincinnata increased with the advancement of the fruit ripening stage (Table
2). These results indicate that fruits harvested before maturity did not have total accumulation of reducing
sugars, as was also reported in P. edulis [5].

Non-reducing sugars, in turn, are disaccharides that need to undergo hydrolysis of the glycosidic bond
to oxidize, like sucrose [29]. In this research, the non-reducing sugars in the pulp of P. cincinnata were lower
in the first ripening stage, increasing as the stages advanced (Table 2). This behavior is related to the
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increase of sugars (glucose, fructose and sucrose) in the pulp occurring during the ripening of P. cincinnata
fruits, simultaneously with the reduction of acidity, so that the sugars are used as substrates in the respiratory
processes [5, 30].

The protein content was reduced with the advance of the fruit ripening stage (Table 2). This behavior is
related to the maintenance of proteinase inhibitors in the initial stage of the fruit, as well as the increase in
activity of proteinases with the advancement of the fruit development stage, since proteinase inhibitors inhibit
the hydrolysis of proteins that accumulate during fruit development by endogenous enzymes [31].

The ascorbic acid content was higher in fruits harvested at the third ripening stage. This acid, which is
the reduced form of vitamin C, is naturally present in several foods, especially fruits and vegetables, and is
an antioxidant substance of great importance, which can prevent or delay the deleterious effects caused by
reactive oxygen species, acting in the prevention of several diseases, such as heart disease, cancer, and
diabetes, among others [32]. Silva and coauthors [33], evaluating P. cincinnata cv. ‘BRS Sertdo Forte’, also
observed an increase in ascorbic acid with fruit ripening. Ascorbic acid ranged from 7.60 to 13.13 mg 100 g
1 (Table 3), having a higher ascorbic acid content than P. quadrangularis (7.0 mg 100 g?), similar to P.
maliformis (15 mg 100 g*) [34] and P. setacea (10.1 - 17.3 mg 100 g*) [21].

The total chlorophyll content was highest in the first stage of ripening, diminishing in the subsequent
stages (Table 3). The carotenoid content was not affected by the ripening stages. This fact may be due to
the carotenoid content of P. cincinnata pulp depending on many factors, including the cultivation system,
climatic factors, and fruit ripening [35]. In addition, light exposure and temperature also impact carotenoid
production [36,37]. Thus, the content of carotenoids in fruits cannot be considered an absolute value. The
flavonoid content was not affected by the stages of ripening (Table 3). However, Silva and coauthors [33]
found that the total flavonoid content tended to increase with the ripening process.

The anthocyanins content was highest in the first and second stages of ripening, while in the third stage,
it had reductions of more than 86% compared to the first two stages of ripening. The color of the fruit pulp is
associated with the presence of components such as chlorophylls, carotenoids, yellow flavonoids, and
anthocyanins, and as ripening proceeds, the degradation of these pigments results in a reduction of the green
color [38].

The content of total phenolic compounds in P. cincinnata pulp was highest at stage | of ripening, with
reductions in subsequent stages. This reduction in phenolic compounds during ripening can be attributed to
the oxidative reactions caused by the enzyme polyphenoloxidase on phenolic compounds, which occur
during the ripening process of most fruits [33]. These same authors also found that the content of phenolic
compounds was higher in the pulp of P. cincinnata fruits at the intermediate stage of ripening and was
reduced in fully ripe fruits. Therefore, the content of polyphenols found in passion fruit is an important variable,
since phenolic compounds are the group of natural antioxidants and are associated with several benefits for
human health, since they act in the protection against cancer, reduction of inflammation, and decrease of
LDL cholesterol in the blood [27,38,39].

The correlation between the variables is related to the decrease in pH and the increase in soluble solids
and reducing and non-reducing sugars (Figure 2) with increasing fruit ripening due to the hydrolysis of starch
and pectin, the synthesis of secondary compounds (such as phenolic compounds and flavonoids), and the
reduction of organic acids [2]. The positive correlation between ascorbic acid and sugar contents was due to
the common and complex interactions between organic acids and sugars [40].

The results of the correlation analysis provide valuable insights into the postharvest physiology of fruits.
The first group, composed of anthocyanin content (Ant), titratable acidity (TA), protein (Prot), firmness (F),
phenolic compounds (Phen), H" ions (H), chlorophylls (Chl), and flavonoids, demonstrates a series of positive
correlations among these variables. This suggests a significant interdependence among these factors in
terms of their effects on fruit post-harvest quality and ripening status. For instance, the positive relationship
between anthocyanin concentration (Ant) and the amount of phenolic compounds (Phen) may indicate that
these compounds are associated in the coloration and firmness of the fruits. The firmness (F) of the fruits
may be directly linked to the presence of proteins (Prot) and the concentration of phenolic compounds (Phen),
which play a crucial role in the structural integrity of the tissues. The presence of H" ions (H) may be related
to fruit acidity (TA), directly influencing taste and preservation. Additionally, the presence of chlorophyll (Chl)
and flavonoids may be associated with fruit color, affecting its visual appeal and sensory quality. These
positive correlations indicate that a change in any of these variables can trigger changes in other variables
within the first group, which is crucial for understanding the postharvest physiology of fruits.

The second group of variables, including ascorbic acid (AA) content, pulp volume (PV), soluble solids
(SS), SS/TA ratio (SS/TA), carotenoids (Car), pH, reducing sugars (RS), non-reducing sugars (NRS), and
total sugars (TS), also exhibits positive correlations among themselves. This suggests an interconnectedness
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among these variables with significant implications for taste, texture, and nutritional quality of fruits. For
example, the concentration of ascorbic acid (AA) may affect pH and the soluble solids/titratable acidity ratio
(SS/TA), influencing acidity and taste of the fruits. The presence of sugars, such as reducing (RS) and non-
reducing (NRS) sugars, may affect the sweetness of the fruits, while carotenoids (Car) may be related to
color. The negative relationship between the first and second groups of variables suggests that the variables
in the first group, more related to the chemical composition and firmness of the fruits, tend to oppose the
variables in the second group, which are more associated with taste and texture of the fruits. This may
indicate a delicate balance in the postharvest physiology of fruits, where optimizing one characteristic may
occur at the expense of another. Lastly, the variables related to fruit size, transversal fruit diameter (Dt), and
transversal inner cavity diameter (TICD), display negative correlations with the first group and positive
correlations with the second group. This may suggest that fruit size and its inner cavity are influenced by
different sets of variables. Fruit size may affect the distribution of soluble solids and acids, while the inner
cavity may be related to pulp quantity and volume available for components in the second group.

The pulp yield, firmness, soluble solids, SS/TA ratio, and levels of anthocyanins, flavonoids, and phenolic
compounds were the main variables used to determine stage |l as the ideal harvest stage for P. cincinnata
fruits. Additionally, it is worth noting that the longer the fruits stay in the field, the higher the risk of pest and
disease infestation, as well as increased costs for the producer. Therefore, stage Il exhibits the ideal
characteristics and is recommended as the optimal harvest stage.

CONCLUSION

Based on the physical and physicochemical characteristics and bioactive compounds analyzed in the
Passiflora cincinnata pulp, the stage Il of ripening stands out as the most promising for in natura consumption
and elaboration of food products of this fruit.

Funding: This research was funded by Brazilian National Council for Scientific and Technological Development (CNPq),
and Coordination for the Improvement of Higher Education Personnel (CAPES).

Acknowledgments: The authors wish to thank the Brazilian National Council for Scientific and Technological
Development (CNPq), and Coordination for the Improvement of Higher Education Personnel (CAPES). The authors
wish to thank the David Michael Miller, a native translator who corrected the language of this paper.

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

REFERENCES

1. D’Abadia ACA, Costa AM, Faleiro FG, Malaquias JV, Araujo FP. Yield and physical characterization of Passiflora
cincinnata in the Brazilian Savanna. Pesq. Agropecu. Trop. 2021;51:1-9.

2. Santos RDS, Biasoto ACT, Rybka ACP, Castro CDC, Aidar SDT, Borges GSC, et al. Physicochemical
characterization, bioactive compounds, in vitro antioxidant activity, sensory profile and consumer acceptability of
fermented alcoholic beverage obtained from Caatinga passion fruit (Passiflora cincinnata Mast.). LWT — Food Sci.
Technol. 2021;148:111714.

3. Ribeiro DN, Alves FMS, Ramos VHS, Alves P, Narain N, Vedoy DR, et al. Extraction of passion fruit (Passiflora
cincinnata Mast.) pulp oil using pressurized ethanol and ultrasound: Antioxidant activity and kinetics. J. Supercrit.
Fluids. 2020;165:104944.

4. Sousa LB, Silva EM, Gomes RLF, Lopes ACA, Silva ICV. [Characterization and genetic divergence of Passiflora
edulis and P. cincinnata accessions based on physical and chemical characteristics of fruits]. Rev. Bras. Frutic.
2012;34:832-9.

5. Coelho AA, Cenci SA, Resende ED. [Quality of yellow passion fruit juice at different harvest points and after
ripening]. Cien. Agrotec. 2010;34:722-9.

6. Junghans TG, Jesus NO. Passiflora cincinnata Mast. In: Junghans TG (Ed.), [Guide to passion fruit plants and
propagules] (cap. 2; p. 21-28). Brasilia: Embrapa; 2015.

7. Santos JLV, Resende ED, Martins DR, Gravina GA, Cenci SA, Maldonado JFMM. [Determination of the harvest
point of different passion fruit cultivars]. Rev. Bras. Eng. Agric. Ambient. 2013;17:750-5.

8. AOAC - Assaciation of Official Analytical Chemists. Official methods of analysis of the association of agricultural
chemists (1st ed.). Washington: AOAC; 1990.

9. AOAC - Association of Official Analytical Chemists. Official methods of analysis of the AOAC (2nd ed.).
Washington: AOAC; 1997.

10. Yemm EW, Willis AJ. The estimation of carbohydrates in plant extracts by anthrone. Biochem. J. 1954;57:508-14.

11. Miller GL. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Anal. Chem. 1959;31:426.

12. Cecchi HM. [Theoretical and practical foundations in food analysis] (2nd ed.). Campinas: Unicamp; 2003.

13. Lichtenthaler HK. Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. In: Packer L, Douce R
(Ed.), Methods in enzymology (p. 426—428). London: Academic Press; 1987.

14. Francis FJ. Analysis of anthocyanins in foods. In: Markakis P (Ed.), Anthocyanins as food colors (p. 181-207).
New York: Academic Press; 1982.

Brazilian Archives of Biology and Technology. Vol.67: €24230788, 2024 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

15.
16.
17.
18.
19.
20.
21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vieira, J.N.; et al. 10

Waterhouse A. Folin-ciocalteau micro method for total phenol in wine. Am. J. Enol. Vitic. 1999;28:49-55.

R Core Team. R: A language and environment for statistical computing. Viena, Austria; 2022.

D’Abadia ACA, Costa AM, Faleiro FG, Rinaldi MM, Oliveira LL, Malaquias JV. Determination of the maturation
stage and characteristics of the fruits of two populations of Passiflora cincinnata Mast. Rev. Caatinga.
2020;33:349-60.

Hadfield KA, Benett AB. Polygalacturonases: many genes in search of a function. Plant Physiol. 1998;117:337—
43.

Dias TJ, Cavalcante LF, Nunes JC, Freire JLO, Nascimento JAM. [Physical quality and production of yellow
passion fruit in soil with biofertilizer irrigated with saline water]. Semin. Cienc. Agrar. 2012;33:2905-18.

Silva LJIB, Souza ML, Araudjo Neto SE, Morais AP. [Alternative coatings in post-harvest conservation of yellow
passion fruit]. Rev. Bras. Frutic. 2009;31:995-1003.

Carvalho MVO, Oliveira LDL, Costa AM. Effect of training system and climate conditions on phytochemicals of
Passiflora setacea, a wild Passiflora from Brazilian savannah. Food Chem. 2018;266:350-8.

Bomtempo LL, Costa AM, Lima H, Engeseth N, Gloria MBA. Bioactive amines in Passiflora are affected by
species and fruit development. Food Res. Int. 2016;89:733-8.

Cardenas-Coronel WG, Carrillo-Lopez A, Vélez de la Rocha R, Labavitch JM, Baez-Sanudo MA, Heredia JB, et
al. Biochemistry and cell wall changes associated with noni (Morinda citrifolia L.) fruit ripening. J. Agric. Food
Chem. 2016;64:302-9.

Azoubel PM, Araujo AJB, Oliveira SB, Amorim MR. Restructuring Passiflora cincinnata fruit pulp: influence of
hydrocolloids. Food Sci. Technol. 2011;31:160-6.

Chitarra IMF, Chitarra AB. P6s-colheita de frutas e hortalicas: fisiologia e manuseio. Lavras: UFLA; 2005.
Brasil. Instrucdo normativa n°1, de 7 de janeiro de 2000. [Establishes general technical regulations for
establishing identity and quality standards for fruit pulp]. Brasilia: Diario Oficial da Republica Federativa do Brasil;
2000.

Oliveira LS, Souza KO, Gomes Filho EG, Urban L, Miranda MRA. Effects of organic vs. conventional farming
systems on quality and antioxidant metabolism of passion fruit during maturation. Sci. Hortic. 2017;222:84-9.
Alexandre R, Monteiro Junior KR, Chagas K, Siqueira AL, Schimidt ER, Lopes JC. Physical and chemical
characterization of sweet passion fruits genotypes in Sao Mateus, Espirito Santo State, Brazil. Comun. Sci.
2018;9:363-71.

Silva RN, Monteiro VN, Alcanfor JDX, Assis EM, Asquieri ER. [Comparison of methods for the determination of
reducing and total sugars in honey]. Food Sci. Technol. 2003;23:337—-41.

Vianna-Silva T, Resende ED, Viana AP, Pereira SMF, Carlos LA, Vitorazi L. [Quality of yellow passion fruit juice at
different harvest times]. Food Sci. Technol. 2008;28:545-50.

Araujo CL, Bezerra IW, Dantas IC, Lima TV, Oliveira AS, Miranda MRA, et al. Biological activity of proteins from
pulps of tropical fruits. Food Chem. 2004;85:107-10.

Valente A, Albuguerque TG, Sanches-Silva A, Costa HS. Ascorbic acid content in exotic fruits: a contribution to
produce quality data for food composition databases. Food Res. Int. 2011;44:2237-42.

Silva GS, Borges GSC, Castro CDCP, Aidar SDC, Marques ATB, Freitas ST, et al. Physicochemical quality,
bioactive compounds and in vitro antioxidant activity of a new variety of passion fruit cv. BRS Sertéo Forte
(Passiflora cincinnata Mast.) from Brazilian Semiarid region. Sci. Hortic. 2020;272:1-7.

Ramaiya SD, Bujang JS, Zakaria MH, King WS, Sahrir MAS. Sugars, ascorbic acid, total phenolic content and
total antioxidant activity in passion fruit (Passiflora) cultivars. J. Sci. Food Agric. 2013;93:1198-205.

Pertuzatti PB, Sganzerla M, Jacques AC, Barcia MT, Zambiazi RC. Carotenoids, tocopherols and ascorbic acid
content in yellow passion fruit (Passiflora edulis) grown under different cultivation systems. Food Sci. Technol.
2015;64:259-63.

Abushita AA, Daood HG, Biacs PA. Change in carotenoids and antioxidant vitamins in tomato as function of
varietal and technological factors. J. Agric. Food Chem. 2000;48:2075-81.

Borguini RG, Basto DHM, Moita-Neto JM, Capasso FS, Torres AFS. Antioxidant potential of tomatoes cultivated in
organic and conventional systems. Braz. Arch. Biol. Techol. 2013;56:521-9.

Santos TB, Araljo FP, Figueiredo Neto A, Freitas ST, Araujo JS, Vilar SBO, et al. Phytochemical compounds and
antioxidant activity of the pulp of two Brazilian passion fruit species: Passiflora cincinnata Mast. and Passiflora
edulis Sims. Int. J. Fruit Sci. 2021b;21:1-15.

Marcoris MS, Marchi R, Janzantti NS, Monteiro M. The influence of ripening stage and cultivation system on the
total antioxidant activity and total phenolic compounds of yellow passion fruit pulp. J. Sci. Food Agric.
2012;92:1886-91.

Galdén BR, Mesa DR, Rodriguez EM, Romero CD. Influence of the cultivar on the organic acid and sugar
composition of potatoes. J. Sci. Food Agric. 2010;90:2301-9.

© 2024 by the authors. Submitted for possible open access publication under the terms and
|@ ® conditions of the Creative Commons Attribution (CC BY) license

(https://creativecommons.org/licenses/by/4.0/)

Brazilian Archives of Biology and Technology. Vol.67: €24230788, 2024 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

