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Abstract

Despite the importance of passion fruit for the Brazilian fruit market, there are still many agronomic and
fruit quality problems to be solved, in order to increase this crop performance. The objective of this study
was to evaluate the quality of twelve genotypes of wild, sweet and yellow passion fruit, aiming to identify
promising materials considering fruit quality, in Federal District, Brazil. An experiment was carried out at the
Agua Limpa Farm of the Universidade de Brasilia (UnB) from 2016 to 2018, in a randomized block design,
with 12 treatments, 4 replicates and 6 plants/plot. At the harvesting time, six fruits per plot were randomly
collected for the following physicochemical analysis: fruit mass, pulp mass with and without seeds,
length/longitudinal diameter, width/transverse diameter, length/width ratio, husk thickness, predominant
color of the pulp (L*, C*, h*), number of seeds, seed size, total soluble solids content, total titratable acidity,
total soluble solids/total titratable acidity ratio and pH. High heritability values and relation of
genetic/environment variation coefficients ratio were observed for most of the characteristics evaluated.
The genotypes of yellow passion fruit MAR20#21 P2 x FB 200 P1 R2 and MAR20#19 ROXO R4 x ECRAM P3
R3 showed the best characteristics of fruit mass and pulp mass with seed. All the genotypes studied showed
values of total soluble solids above 1192Brix. Positive and significant correlation was observed between fruit
mass and length/width ratio, indicating that oblong fruits have higher fruit mass.

Keywords: Colorimetry. Genetic improvement. Passiflora spp. Physicochemical analyzis.

1. Introduction

Fruit industry is a growing activity in Brazil, generating jobs and income, which contributes to the
development of fruit poles in the country. In this context, the importance of passion fruit is increasing in
Brazil, despite some agronomic problems of this culture, such as low yields and fruits unevenness (Santos et
al. 2017).

Several factors affect fruit quality in this species, including edaphoclimatic conditions, time of
harvesting, genetic variability, cultural practices, maturation stage at harvesting, period of storage,
temperature, storage packaging, among others. Some physicochemical properties of the fruits, which can
vary among different genotypes, are important characteristics for the food and pharmaceutical passion fruit
industries (Farias et al. 2007).
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During the maturation period, the yellow passion fruit undergoes through several physical and
chemical changes, mainly due to the synthesis and the degradation of several substances. The main changes
during maturation include the pectin degradation of the husk, color changes of the husk and changes in the
fruit carbohydrates, organic acids, proteins, and lipids composition. The color change of the husk is the main
criteria used to determine the best harvest time of the yellow passion fruit and reflects the physico-chemical
changes which takes place during the fruit ripening process (Reolon et al. 2009).

The fruit characteristics are highly relevant, considering the consumption of in natura fruits, and the
most appreciated fruits can be variable according to the consumption market preferences. These
characteristics are mainly related to the flavor (total soluble solids and acidity) and juice content (yield). In
addition, the external characteristics of the fruits should also meet certain standards to achieve the desired
guality for the commercialization, such as color, shape, and size of the fruit (Cavichioli et al. 2011).

After harvesting, passion fruits are generally classified for consumption in natura or for industry. For
in natura consumption, some physical characteristics, such as size, fruit shape, color of husk, color of fruit
pulp and absence of defects are determinant elements of quality. In this way, fruits destined to the in natura
consumption must be oval, weighing between 120 and 250 g of yellow-intense color and with orange pulp.
Top quality fruits are remunerated at significantly higher prices (Gomes et al. 2006; Farias et al. 2007).

For industrialization, the fruit juice content should be above 40% of the total fruit weight, the flavor
excellent, and the organic acid content and the total soluble solids (TSS) content should be high (higher than
15° Brix). The relationship between total soluble solids content and total titratable acidity (TTA), called ratio,
is one of the best ways to evaluate the flavor of the fruit. In addition, the high titre content of TTA decreases
the need for addition of acidifiers and improves nutritional quality, food safety and organoleptic aspects
(Farias et al. 2007; Raimundo et al. 2009).

The objective of this study was to estimate genetic parameters and evaluate characteristics related
to fruit quality of twelve wild, sweet, and yellow passion fruit genotypes for the identification of promising
materials and potential use in natura and/or by industry, under field conditions in Federal District, Brazil.

2. Material and Methods

The experiment was carried out in the field from October 2016 to August 2018, at the Agua Limpa
Experimental Farm (FAL) of the Universidade de Brasilia (UnB), Brasilia-DF, located at 162 south latitude and
482 west longitude, at 1,100 m above sea level. According to the classification of Képpen, the climate is Aw
type in the Distrito Federal region, characterized as a tropical climate with dry season during winter and
rainy season during summer (CARDOSO et al. 2014). During the experiment, some meteorological data were
recorded daily from an automatic meteorological station located at FAL/UnB (UNB 2018).

The experiment comprised 12 treatments, 4 replications and 6 plants/plot, in a randomized block
design, totalizing 48 plots and 288 plants. The plants were grown in vertical strings attached to 2 plain wires
(n212), at 1.60 m and 2.20 m above the soil, with 3 m distance between rows and 2 m between plants. The
strings were tied up to 6 m distant poles. Four cultivars and eight genotypes, obtained from the passion fruit
genetic breeding program of UnB and Embrapa, were tested (Table 1).

Table 1. Commercial cultivars (1 to 4) and genotypes from a breeding program of passion fruit of UnB in

partnership with Embrapa (5 to 12). Brasilia-DF, Brazil, 2019.
CULTIVARS/GENOTYPES

. BRS Pérola do Cerrado (Passiflora setacea D.C.)

. BRS Sertdo Forte (Passiflora cincinnata Mast.)

. BRS Mel do Cerrado (Passiflora alata Curtis)

. BRS Gigante Amarelo (Passiflora edulis Sims)

. CPAC MJ-02-17 - Progénie paterna do BRS Mel do Cerrado (Passiflora alata Curtis)

. F1 MAR20#44 R4 x ECL7 P2 R4 (Passiflora edulis Sims)

. F1MAR20#21 P2 x FB 200 P1 R2 (Passiflora edulis Sims)

. F1MAR20#19 ROXO R4 x ECRAM P3 R3 (Passiflora edulis Sims)

. F1 MAR20#24 x ECL7 P1 R4 (Passiflora edulis Sims)

10. F; MAR20#24 P1 R4 x ROSA CLARO P2 R4 (Passiflora edulis Sims)

11. F; MAR20#100 R2 x MAR20#21 R2 (Passiflora edulis Sims)

12. F; MAR20#100 R2 x MAR20#21 R1 (Passiflora edulis Sims)
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The fruits were harvested, in a weekly basis, at the total ripening stage, which means that the fruits
were fallen in the soil after their natural abscission from the plant. Six fruits were randomly collected from
each plot, totaling 24 fruits per genotype, to perform the physicochemical analyzes, which were carried out
in the Laboratory of Bromatology of the UnB. The following characteristics were analyzed: fruit mass (g),
pulp mass with and without seed (g), fruit length (mm - longitudinal diameter), fruit width, length/width
ratio (mm), husk thickness, predominant color of the pulp, using a colorimeter ColorQuest XE - HunterLAb),
number of seeds, seed size (mm), total soluble solids content (°Brix), total titratable acidity (% citric acid),
SST/TTA ratio and pH.

The physical analyzes were carried out individually in each fruit of the plot, resulting in six data of
each characteristic per plot, which resulted in one average per characteristic per plot. For the chemical
analyzes purposes, the fruit pulp was extracted with the aid of a food mixer and cooled to 5 °C to preserve
the original characteristics. All physical analyzes were carried out based on the procedures described by the
Ministério da Agricultura, Pecudria e Abastecimento (MAPA) with the Servico Nacional de Prote¢do de
Cultivares (SNPC-MAPA) and the methodology used by Embrapa (Jesus et al. 2015a; Jesus et al. 2015b; Jesus
et al. 2016; Brasil 2016a; Brasil 2016b). The chemical analyzes were performed according to the analytical
standards of the Instituto Adolfo Lutz (IAL 2008).

In addition, the characteristics related to the color of the fruit pulp were recorded according to the
following color parameters: L* representing the luminosity; C* (chroma) representing the saturation of color
and h* (hue angle) representing the variation between red and yellow (Ferreira and Spricigo 2013).

The data were submitted to the analysis of variance using the F test at the 5% probability level, the
means were compared through Tukey test at 5% of probability; estimates of genetic parameters and Pearson
correlation were also carried out using the software GENES (Cruz 1997). The linear correlation analyzes
among all variables were performed based on the significance of their coefficients. The correlation intensity
(0.05 < p 2 0.01) was classified as very strong (r £ 0.91 to £ 1.00), strong (r £ 0.71 to £ 0.90), mean (r £ 0.51
to £ 0.70) and weak (r £ 0.31 to £ 0.50), according to (Carvalho et al. 2004).

3. Results

The analysis of variance showed a significant difference between the cultivars/genotypes, at 5% of
probability by the F test (Table 2), for the physical and chemical characteristics evaluated, except for the
width (transverse diameter) of the fruits (LRG). Genetic variability was observed among the genotypes for
the characteristics evaluated, favoring programs of genetic enhancement of these species. The coefficients
of variation showed values below 30% for most of the characteristics evaluated, demonstrating good
experimental accuracy.

The genetic parameters showed high heritability values (h?), ranging from 72.19% (CP (h*)) to 94.87%
(RATIO), demonstrating a favorable condition for selection (Table 2) (Vieira et al. 2005; Martins et al. 2014).
In addition, the characteristics MF, MPCS, MPSS, CPT, R: C/L, EC, CC, CP (h*), SST, AZ, Ratio and pH showed
CVg/CVe values above 1 (Table 2) demonstrating that the environment had little influence on the phenotypic
expression of these characteristics. The fruit width characteristic (LRG) showed low heritability value in the
broad sense and CVg/CVe ratio were lower than the unit (Table 2), which indicates higher effect of the
environment in the formation of the phenotype.

Table 2. Summary of analysis of variance and estimation of genetic parameters for characteristics measured
in wild, sweet and yellow passion fruit genotypes. Brasilia-DF, Brazil, 2019.

MF MPCS MPSS CMP LRG R:C/L EC cC
F 6.84** 6.29** 7.04** 17.85** 2.00Ns 11.67** 7.34%% 7.34**
General average 156.66 62.64 42.23 81.43 72.13 1.15 7.15 7.15
CV (%) 20.67 25.57 26.75 8.15 19.98 6.25 18.06 18.06
h%a (%) 85.39 84.12 85.80 94.40 50.06 91.43 86.38 86.38
CVvg (%) 24.99 29.42 32.89 16.73 10.00 10.21 22.75 22.75
CVe (%) 20.82 25.58 31.67 14.68 9.50 8.58 18.2 21.50
CVg/ CVe 1.20 1.15 1.22 2.05 0.50 1.63 1.25 1.25

** Significant at 1% by F test. * Significant at 5% by F test. MNot significant. Fruit mass - grams (MF); pulp mass with seeds - grams
(MPCS); pulp mass without seeds - grams (MPSS); length/longitudinal diameter - mm (CMP); width/transverse diameter - mm
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(LRG); ratio: width/length - mm (R:C/L); husk thickness - mm (EC); husk color (CC); pulp color (L*); pulp color (C*); pulp color (h*);
number of seeds (NS); total soluble solids - °Brix (SST); acidity - % (AZ); ratio (SST/AZ) and hydrogenionic potential (pH).

Table 2 (continued). Summary of analysis of variance and estimation of genetic parameters for
characteristics measured in wild, sweet and yellow passion fruit genotypes. Brasilia-DF, Brazil, 2019.

CP (L*) CP (C*) CP (h*) NS SST AZ Ratio pH

F 2.25* 2.88** 11.38** 4.47%* 8.99** 19.25** 19.50** 15.94**
Média Geral 44.43 16.43 64.00 247.73 13.67 4.40 4.27 2.73

CV (%) 13.70 13.66 9.22 31.34 11.09 14.60 38.55 5.72
h%a (%) 55.72 65.32 72.19 77.63 88.88 94.80 94.87 93.72
CVg (%) 7.68 9.37 14.85 29.20 15.67 31.19 82.91 11.05
CVe (%) 13.71 13.77 9.22 31.39 11.11 14.64 38.56 5.72
CVg/ CVe 0.56 0.68 1.61 0.93 1.41 2.13 2.15 1.93

** Significant at 1% by F test. * Significant at 5% by F test. NNot significant. Fruit mass - grams (MF); pulp mass with seeds - grams
(MPCS); pulp mass without seeds - grams (MPSS); length/longitudinal diameter - mm (CMP); width/transverse diameter - mm
(LRG); ratio: width/length - mm (R:C/L); husk thickness - mm (EC); husk color (CC); pulp color (L*); pulp color (C*); pulp color (h*);
number of seeds (NS); total soluble solids - °Brix (SST); acidity - % (AZ); ratio (SST/AZ) and hydrogenionic potential (pH).

Differences between means were observed using Tukey's Test at 5% of significance (Table 3) for most
of the characteristics evaluated, except for seed size (TS). The comparative analyzes of the results were made
between genotypes of the same species, because there is great variability in the evaluated genus.
Considering the fruit mass characteristics (MF), the genotypes of passion fruit (Passiflora edulis Sims) were
classified into four distinct groups, ranging from 101.25 grams (MAR20 # 44 x ECL7 P2 R4) to 205.15 grams
(cultivar Gigante Amarelo). The genotypes MAR20 # 21 P2 x FB 200 P1 R2 (204.06 g) and MAR20#19 ROXO
R4 x ECRAM P3 R3 (181.91 g) showed the highest MF values, which were statistically similar to the BRS
Gigante Amarelo control (Table 3). These two genotypes, in addition to MAR20 # 100 R2 x MAR20 # 21 R2,
also showed the highest results for pulp mass with seed (MPCS) among all of them (Table 3). In terms of pulp
mass without seed (MPSS), the genotype MAR20 # 21 P2 x FB 200 P1 R2 of the Passiflora edulis Sims species
showed the highest average value (70.20 gr) among the yellow passion fruit species, being higher than the
control cultivar BRS Gigante Amarelo. Among the sweet passion fruit species, the BRS Mel do Cerrado
(Passiflora alata Curtis) obtained the highest value (37.75 gr) for MPSS, as well as the wild species BRS Sertao
Forte (Passiflora cincinnata Mast.) (47.51 gr).

The highest results for length of fruits of Passiflora edulis Sims (CMP - longitudinal diameter) were
observed on genotypes MAR20#21 P2 x FB 200 P1 R1 (90.43 mm), MAR20#100 R2 x MAR20 # 21 R2 (85.37
mm), MAR20#19 ROXO R4 x ECRAM P3 R3 (84.90 mm), MAR20#24 P1 R4 x ROSA CLARO P2 R4 (83.13 g),
MAR20#100 R2 x MAR20#21 R1 (82.54 mm), all statistically similar to the cultivar BRS Gigante Amarelo
control (93.61 mm) (Table 3). The yellow passion fruit genotypes showed similar LRG (transverse diameter)
as the BRS Gigante Amarelo control (Table 3). Regarding the ratio: width/length (R: C/L), the passion fruit
genotypes reached values above 1, indicating that the fruits are oval shaped (Table 3).

The best performance in terms of seed numbers (NS) (highest numbers) occurred in the following
genotypes of yellow passion fruit: MAR20#21 P2 x FB 200 P1 R2 (422.66 seeds) and MAR20#100 R2 x
MAR20#21 R2 (285.54 seeds), similar statistically but superior numerically than BRS Gigante Amarelo control
(275.42 seeds).

All yellow passion fruit genotypes showed thinner husk (EC) compared to BRS Gigante Amarelo
control (8.24 mm). Among the studied materials, the genotypes MAR20#100 R2 x MAR20#21 R2 (6.42 mm),
MAR20#19 ROXO R4 x ECRAM P3 R3 (6.70 mm), MAR20#21 P2 x FB 200 P1 R2 (7.07 mm) and MAR20#24 P1
R4 x ROSA CLARO P2 R4 (7.13 mm) showed the thinnest husk layer (Table 3).

The fruit mass of Passiflora alata CPAC 02-17 MJ and BRS-Mel Cerrado were 160.88 and 195.06g,
respectively, and the fruits are oval shaped (R:C/L > 1), but both genotypes did not show high values of MPSS
and NS (18.26 g, 177.64 seeds and 37.75 g, 257.11 seeds, respectively), which may be related to genetic,
environmental and also pollination problems (Table 3).

The fruits of the genotype Passiflora cincinnata Mast. were round shaped (R:C/L = 0.96), with thin
husk (3.87 mm) and mass of 118.74 g. Machado et al. (2015) observed that P. cincinnata yielded a mean fruit
mass value of 88.18 g and pulp yield of 35.39%, lower than the values found in the present study. The
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genotype BRS Pérola cerrado (Passiflora setacea D.C.) showed slightly oval fruits (R:C/L = 1.10), thin husk
(4.120 mm), with 65.90 g of fruit weight, pulp mass without seeds of 22.24 gr and 187,49 seeds per fruit.

Table 3. Test results of averages (Tukey 5%) for characteristics measured in wild, sweet and yellow passion
fruit genotypes. Brasilia-DF, Brazil, 2019.

CULTIVARS/GENOTYPES MF MPCS MPSS NS CMP

MAR20#44 x ECL7 P2 R4 101.25¢ 33.614 24,1]¢cde 93.83¢ 68.87
MAR20#100 R2 x MAR20#21 R2 170.77%c 75.882 47 .493bcd 285.54abc 85.37°
MAR20#24 x ECL7 P1 R4 162.972« 55.79bcd 37.77bcde 248.543bc 79.16b¢
CPAC MJ-02-17 (Passiflora alata Curtis) 160.882bc 33.53d 18.26¢ 177.64bc 87.62°
BRS Gigante Amarelo (Passiflora edulis Sims) 205.152 74.223%c 51.793c 275.428bc 93.61%
MAR20#19 ROXO R4 x ECRAM P3 R3 181.91% 77.61% 53.96% 260.042bc 84.90b¢
MAR20#24 P1 R4 x ROSA CLARO P2 R4 160.743%c 67.183bcd 48.6730cd 227.62b¢ 83.13b¢
MAR20#21 P2 x FB 200 P1 R2 204.062 96.27° 70.20° 422.662 90.43%
BRS Mel do Cerrado (Passiflora alata Curtis) 195.06%° 58.653bcd 37.75bcde 257.112c 105.512
BRS Pérola do Cerrado (Passiflora setacea D.C.) 65.90¢ 35.38¢ 22.244e 187.49b¢ 54,704
BRS Sertdo Forte (Passiflora cincinnata Mast.) 118.74bcd 78.74% 47.5]2bcd 330.223 61.274
MAR20#100 R2 x MAR20#21 R1 152.452bc 64.872bcd 47.093bcd 206.66¢ 82.54bc

Means followed by the same letter do not differ from each other, by the Tukey test at 5% probability. Legend: Fruit mass - grams
(MF), pulp mass with seeds - grams (MPCS), mass of the pulp without seeds - grams (MPSS), seed number - (NS),
length/longitudinal diameter - grams (CMP), width/transverse diameter - millimeters (LRG) Width/Length - mm (R:C/L), hull
thickness - mm (EC), shell color (CC), pulp color (L*), pulp color (C*), pulp color (h*), total soluble solids - °Brix (SST), acidity - %
(AZ), ratio (SST/AZ) and hydrogenation potential (pH).

Table 3 (continued). Test results of averages (Tukey 5%) for characteristics measured in wild, sweet and
yellow passion fruit genotypes. Brasilia-DF, Brazil, 2019.

CULTIVARS/GENOTYPES LRG R:C/L EC CC CP (L*)
MAR20#44 x ECL7 P2 R4 93.452 0.98¢ 7.632 3.00° 42.272
MAR20#100 R2 x MAR20#21 R2 75.782b 1.13bcd 6.428bc 1.00¢ 39.00°
MAR20#24 x ECL7 P1 R4 72.10% 1.10bcd 8.20° 4.00? 44.802b
CPAC MJ-02-17 (Passiflora alata Curtis) 71.9920 1.22b 9.352 3.00° 42.49%
BRS Gigante Amarelo (Passiflora edulis Sims) 76.41% 1.22b 8.242 1.00¢ 40.64%®
MAR20#19 ROXO R4 x ECRAM P3 R3 71.142b 1.19° 6.7032bc 1.00¢ 43.392b
MAR20#24 P1 R4 x ROSA CLARO P2 R4 71.762b 1.16° 7.132b 1.00°¢ 45.142b
MAR20#21 P2 x FB 200 P1 R2 76.562b 1.18 7.073bc 1.00¢ 39.13b
BRS Mel do Cerrado (Passiflora alata Curtis) 73.07% 1.442 9.472 3.00° 47.882b
BRS Pérola do Cerrado (Passiflora setacea D.C.) 48.40b 1.10bcd 4.10bc 1.00¢ 55.002
BRS Sert3o Forte (Passiflora cincinnata Mast.) 63.56% 0.96¢ 3.87¢ 1.00¢ 49,392
MAR20#100 R2 x MAR20#21 R1 71.362b 1.16b¢ 7.60? 1.00¢ 44.,07%®

Means followed by the same letter do not differ from each other, by the Tukey test at 5% probability. Legend: Fruit mass - grams
(MF), pulp mass with seeds - grams (MPCS), mass of the pulp without seeds - grams (MPSS), seed number - (NS),
length/longitudinal diameter - grams (CMP), width/transverse diameter - millimeters (LRG) Width/Length - mm (R:C/L), hull
thickness - mm (EC), shell color (CC), pulp color (L*), pulp color (C*), pulp color (h*), total soluble solids - °Brix (SST), acidity - %
(AZ), ratio (SST/AZ) and hydrogenation potential (pH).

Table 3 (continued). Test results of averages (Tukey 5%) for characteristics measured in wild, sweet and
yellow passion fruit genotypes. Brasilia-DF, Brazil, 2019.

CULTIVARS/GENOTYPES CP (C*) CP (h*) SST AZ Ratio pH

MAR20#44 x ECL7 P2 R4 16.912b 55.24¢ 14.22bc 5.71@ 2.49° 2.600
MAR20#100 R2 x MAR20#21 R2 17.492b 58.61°¢ 12.64b¢ 5.36° 2.380 2.570
MAR20#24 x ECL7 P1 R4 16.94ab 60.33¢ 13.17b¢ 4,992 2.64 2.600
CPAC MJ-02-17 (Passiflora alata Curtis) 18.86? 63.67 16.112b 2.04b 11.222 3.272
BRS Gigante Amarelo (Passiflora edulis Sims) 15.8920 61.58¢ 13.30¢c 4.63° 2.92° 2.67°
MAR20#19 ROXO R4 x ECRAM P3 R3 14.52% 58.91¢ 11.34¢ 4.902 2.30° 2.55b
MAR20#24 P1 R4 x ROSA CLARO P2 R4 16.622b 63.14b¢ 13.87b¢ 5.30° 2.62° 2.52b
MAR20#21 P2 x FB 200 P1 R2 16.052b 63.64b¢ 11.82¢ 4,942 2.40° 2.62b
BRS Mel do Cerrado (Passiflora alata Curtis) 15.132b 64.20v¢ 18.462 1.49> 12.412 3.50°
BRS Pérola do Cerrado (Passiflora setacea D. C.) 19.472 77.70% 16.322 2.98b 5.53b 2.65b
BRS Sertdo Forte (Passiflora cincinnata Mast.) 12.30° 88.77° 11.42¢ 5.42° 2.16° 2.66°
MAR20#100 R2 x MAR20#21 R1 17.062b 52.27¢ 11.39¢ 5.09° 2.25b 2.56b
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Means followed by the same letter do not differ from each other, by the Tukey test at 5% probability. Legend: Fruit mass - grams
(MF), pulp mass with seeds - grams (MPCS), mass of the pulp without seeds - grams (MPSS), seed number - (NS),
length/longitudinal diameter - grams (CMP), width/transverse diameter - millimeters (LRG) Width/Length - mm (R:C/L), hull
thickness - mm (EC), shell color (CC), pulp color (L*), pulp color (C*), pulp color (h*), total soluble solids - °Brix (SST), acidity - %
(AZ), ratio (SST/AZ) and hydrogenation potential (pH).

The fruits of passion fruit yellow evaluated in the present work showed colorations between yellow
and light orange, according to classification standards of pulp coloration of the Ministério da Agricultura,
Pecudria e Abastecimento - MAPA (Brasil 2016a). The wild ones showed pulp coloration ranging from yellow-
green, for the cultivars BRS Pérola do Cerrado and BRS Sertado Forte, to yellow-orange for the others.

The color of the fruit pulp was also measured using a colorimeter (ColorQuest XE colorimeter
tristimulus - HunterLab). The values of the L * parameter for the genotypes ranged from 39.00 (MAR20#100
R2 # x MAR20#21 R2) to 49.39 (BRS Sertdo Forte (Passiflora cincinnata Mast.)). In the analyzed materials,
the highest h value was observed in cultivar BRS Sertdo Forte (Passiflora cincinnata Mast.) (88,77; Table 3),
which differed from the other genotypes evaluated, except from BRS Pérola do Cerrado, indicating a color
closer to yellow. The other materials showed lower h values, tending to a color between red and yellow,
closer to the orange (Shewfelt et al. 1988; Mcguire 1992). The C* values ranged from 12.30 to 18.86 (Table
3).

All wild, sweet and yellow passion fruit genotypes tested reached soluble solids (SST) above the
minimum required (11 °Brix) for the production of passion fruit pulp (Passiflora edulis Sims), according to
the identity and quality standards of the Ministério da Agricultura, Pecuaria e Abastecimento (MAPA) (Table
3) (Brasil 2018).

The fruits of the genotypes CPAC MJ-02-17 and BRS Mel do Cerrado (Passiflora alata Curtis) reached
values of soluble solids (°Brix) and titratable acidity of 16.11 and 18.46° Brix, 2.04 and 1.42%, respectively
(Table 3). These values are similar to those observed by Alves et al. (2012), as values of soluble solids (°Brix)
and titratable acidity (% citric acid) were 18.20 + 1.43 °Brix and 1.20 + 0.25%, respectively.

In the present work, the genotypes of Passiflora edulis Sims, Passiflora cincinnata Mast. and
Passiflora setacea DC contained acid values above that required by MAPA, except for Passiflora alata Curtis
species, since they are all destined for in natura consumption (Table 3). The acidity of the yellow passion
fruit genotypes was similar to that observed for the BRS Gigante Amarelo control, ranging from 4.63% to
5.71%, which makes it possible to classify the genotypes for both in natura and industry uses. The genotype
of the species Passiflora setacea D. C. (2.98%) can be used for in natura consumption and Passiflora
cincinnata Mast. (5.42%) for industrial purposes (Table 3).

In the present study, the species of Passiflora setacea D. C. (BRS Pérola do Cerrado) showed a ratio
of 5.53, higher than the values recommended in the literature. The genotypes of Passiflora edulis Sims
reached lower values, ranging from 2.16 to 2.92 and Passiflora cincinnata Mast. (BRS Sertdo Forte) of 2.16
(Table 3).

In this study too, the fruits of the species Passiflora alata Curtis showed pH values above those
determined by the Normative n237 of the MAPA (Brasil 2018): CPAC MJ-02-17 - pH = 3.27 and BRS Mel do
Cerrado - pH = 3.70 (Table 3).

The analysis of linear correlation (Pearson) showed strong positive and significant correlations between
MPSS and MPCS, CMP and MF, CMP and R:C/L, CMP and EC, NS and MPCS, NS and MPSS, pH and SST, pH
and RATIO, RATIO and SST. Negative correlations occurred between CP (L*) and LRG, AZ and pH, AZ and
SST, AZ and RATIO variables (Table 4).
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Table 4. Pearson correlation coefficient values for characteristics measured in wild, sweet and yellow passion

fruit genotypes. Brasilia-DF, 2019.
MF MPCS MPSS CMP LRG R:C/L EC SST  Ratio NS TS  pH CP(L*) CP(C*) CP(h*) AZ

MF 1 0.62* 064* 091** 037 0.66* -0.61* -0.15 009 056 0.05 -022 -0.67* -029 -043 -0.05

MPCS - 1 0.97** 034 0.05 010 -0.17 -0.65* -0.47 0.88** -0.44 -033 -0.40 -0.62* 0.04 0.4

MPSS - - 1 036 012 012 -0.10 -0.66* -0.53 0.82** -049 -0.40 -0.44 -055 -0.08  0.49

cMP - - - 1 0.42 0.85** 0.80** 0.18 0.39 029 017 049 -057 -0.11 -054 -0.31

LRG - - - - 1 -000 058 -014 -014 -0.16 003 -001 -0.76** -0.12 -0.66* 0.35

RCL - - - - - 1 0.65* 051 0.66* 0.6 0.17 0.68* -0.10 005 -0.30 -0.68*
EC - - - - - 1 036 049 -020 042 054 -050 0.19 -0.69* -0.37

SST - - - - - 1 0.86** -0.42 034 0.77** 041 041 009  -0.84**
Ratio - - - - - - - - 1 -0.22  0.61* 0.96** 025 024 0.08  -0.95**
NS - - - - - - - - - 1 026 -0.10 -023 -050 029  0.16

TS - - - - - - - - - 1 056 -0.15 037 -003 -0.52

pH - - - - - - - - - - 1 015  0.04 0.08  -0.89**
CP(L*) - - - - - - - - - - - - 1 001 067 -0.38

CP(C*) - - - - - - - - - - - - 1 033 -031

CP(h*) - - - - - - - - - - - - - 1 -0.16

AZ - - - - - - - - - - - - 1

Fruit mass - grams (MF), pulp mass with seeds - grams (MPCS), mass of the pulp without seeds - grams (MPSS), length/longitudinal diameter -
grams (CMP), width/transverse diameter - millimeters (LRG), Width/Length - mm (R:C/L), hull thickness - mm (EC), total soluble solids - (°Brix),
ratio (SST/AZ), number of seeds - unit (NS), seed size - millimeters (TS), hydrogen ionic potential (pH), pulp color (L*), color pulp (C*), color pulp
(h*), acidity - % (AZ).

The Pearson correlation analysis, which showed that the mean number of seeds per fruit has a mean
correlation with the variables mean fruit mass and pulp yield. In the present study, a strong and positive
phenotypic correlation was also observed between NS and MPCS (rf = 0.88), NS and MPSS (rf =0.82), and a
very strong and positive one between MPSS and MPCS (rf = 0.97) (Table 4). Therefore, it is possible to
observe that some genotypes that showed higher mean values of NS also had the highest values of MPCS
and MPSS (BRS Gigante Amarelo and hybrid MAR20#100 R2 x MAR20#21 R2, MAR20#21 P2 x FB 200 P1 R2,
MAR20#19 ROXO R4 x ECRAM P3 R3 - Table 3).

There was a positive and very strong correlation between CMP and MF (rf = 0.91), suggesting that
higher longitudinal length fruits also present higher mass. Fruit mass also correlated positively with the R:C/L
ratio (rf = 0.66), demonstrating that oblong fruit tend to have higher fruit mass. In the studied genotypes,
there was a very strong correlation between AZ and RATIO (rf = - 0.95) and a strong correlation between AZ
and pH (rf =-0.89), AZ and SST (rf = - 0.84).

4, Discussion

Based on the analysis of variance, simple genetic enhancement programs (mass selection) are likely
to present good results, since the phenotype of the evaluated characteristics will not have a significant
influence on the environmental variation (Chagas et al. 2016). The fruit width characteristic (LRG) would be
recommended to work on improving characteristics that behave in this way, it would be necessary to use
more elaborated breeding methods, not just the mass selection one.

In the development of a variety for the in natura market, there is always concern in selecting larger
and oval fruits, because they normally have better commercial acceptance and higher juice vyields,
characteristics important mainly for the fruits aiming the industry. The shape of the fruit is associated with
the relationship between fruit length and diameter, in which values above 1 indicate oval or oblong fruits
and values equal to or less than 1 indicate round fruits. In passion fruit, the ideal is to select oval fruits for
obtaining higher juice yields and higher commercial values (Negreiros et al. 2008; Aguiar et al. 2015).
Therefore, the genotypes studied in the present work showed suitable characteristics considering quality
standards.

Santos et al. (2017), studying the production and quality of yellow passion fruit, observed values for
fruit mass ranging from 93.50 g to 201.75 g, length from 72.5 to 85.0 mm, width from 60.0 to 72.5 mm and
R: C/Lfrom 1.00 to 1.27. Chagas et al. (2016), evaluating fruit quality of two populations of Passiflora edulis
Sims by means of physical and chemical characteristics analyzes, observed fruits mass ranging from 150.21
g to 305.52 g, length from 73.59 to 107.42 mm, width from 76.80 to 99.42 mm and R: C/L from 1.00 to 1.27.
Greco et al. (2014), studying fruit quality of yellow passion fruit genotypes, verified average fruit mass values
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ranging from 128.75 gr to 207.83 gr and pulp mass ranging from 44.68 gr to 94.30 gr, which were similar to
those observed in the present study. Similar results were also observed for other characteristics such as MF,
MPCS, CMP, LRG and R: C/L.

The number of seeds is related to the yield of pulp, since the pulp is adhered to the seeds and,
consequently, fruits with higher number of seeds usually have higher yields of juice (Santos et al. 2017).
Fruits with thick husk are undesirable, once the commercial part of the fruit is the juice (Santos et al. 2017).

Similar results for Passiflora alata Curtis were observed by Alves et al. (2012) for the relationships
between physical and chemical characteristics of sweet passion fruit, in which the fresh matter mass of the
fruits showed a mean of 194.53 + 42.19 g, the fresh matter mass of the pulp 43.75 £ 10.98 g, the length
85.35 + 5.83 mm, width 74.59 + 5.07 mm, husk thickness 9.92 + 2.04 mm, number of seeds 268.73 + 50.68
and percentage of pulp 23.30 + 6.82%. Alves et al. (2012) also observed that the fruit diameter showed a
positive correlation with the mass of the fresh matter of the pulp and a negative one with the percentage of
pulp, indicating that larger fruits have, proportionally, less pulp than the smaller ones. There was also a
negative correlation between the thickness and mass of the fresh matter of the husk and the percentage of
pulp, indicating that the thicker husk reduces the diameter of the internal cavity of the fruit, where the edible
pulp accumulates.

The color of the fruit pulp is also an important characteristic for the passion fruit juice industry.
According to Brasil (2016a), the pulp of the passion fruit may vary from whitish, yellow-green, yellow, light-
orange and dark-orange. For the wild fruits (Brasil 2016b), the pulp color is composed of whitish, yellowish-
green, yellow, orange-yellow, orange-dark, red and purple.

According to Pathare et al. (2013), when reading the fruit pulp color measured in a colorimeter, the
values of L * represent the variation between white (100) and black (0), that is, refers to luminosity. Thus,
larger L * values indicate lighter pulps, and higher values, darker pulps. The h, represents hue angle, a
variation between red and yellow, following a scale from 0 to 90. The C*, chroma, is related to color
saturation, and the higher its value, the higher the concentration of the coloring element.

As for the content of SST indicates the maturity and quality standard of the raw material used by the
juice and derivative industries, that is, the higher the amount of TSS, the higher the sugar content, an
important characteristic in the agroindustrial process. During fruit ripening, some transformations takes
place in the characteristics of the fruits, such as the accumulation of sugars (glucose, fructose and sucrose)
and the simultaneous reduction of the acidity. The sugar content reaches the maximum at the end of the
ripening process, conferring excellence to the quality of the product. The high content of soluble solids allows
the use of a smaller amount of pulp to elaborate the concentrated juice and the high acidity guarantees
greater flexibility in the addition of sugars (Neto et al. 2015).

Different fruit standards are demanded by the industry of passion fruit juices, as the SST content of
11.4 and 18 °Brix, TTA of 2.7 to 3.9 (g of citric acid 100 mL-1) and SST/AAT ratio of 3.5 to 4.7 (Machado et al.
2015; Neto et al. 2015; Silva et al. 2016). The large amplitude in the SST contents observed in the present
study can be atributed to the variability in the genus Passiflora (Chagas et al. 2016).

According to previous studies (Machado et al. 2015; Coelho et al. 2016) the fruits of passion fruit
(Passiflora alata Curtis) have sweet-sour taste pulp, pleasant aroma, low acidity, lower yield than the yellow
passion fruit, usually consumed in natura, not being used in juices processing to present high soluble solids
content, which can make the drink sickening. The Passiflora alata Curtis is shown as an option to occupy not
only the domestic market, but also the external market, especially the European one, as the second most
important brazilian exportation fruit juice (Machado et al. 2015; Coelho et al. 2016).

Silva et al. (2016) reported that the high levels of organic acids (acidity) in passion fruit juice are
interesting for fruits destined to the industry, while the low acidity is desirable for fruits destined to the in
natura market. The high acidity of the juice is an important characteristic in the fruit processing, allowing to
reduce the use of artificial acidifiers, considering that acidity is an important parameter in the conservation
of food products (Neto et al. 2015). According to the quality and identity standards required by MAPA,
passion fruit pulp must contain at least 2.5% (2.5 g/100 g) of total acidity, expressed as citric acid (Silva et al.
2016).

According to Silva et al. (2016) the yellow passion fruit destined to the in natura and industry market
must have titratable acidity between 2.9% and 5.0%. Machado et al. (2015), studying the genetic divergence
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among different species of passion fruit, observed titratable acidity values of 4.23% of citric acid in 100 mL
of juice in P. cincinnata.

The SST/TTA ratio is an important chemical characteristic to evaluate the quality of passion fruit,
because it is related to the fruit flavor, that results of the contribution of the components responsible for
the acidity and sweetness, which may contribute to a better palatability to the pulp. The SST/TTA ratio is
more representative for the palatability than the SST or TTA measurement alone. In general, the higher the
value of this ratio, the more palatable is the juice or fruit pulp, since the total soluble solids content is high
and / or the acidity is low. In addition, values of SST/TTA between 3.4 and 4.5 indicate fruit with adequate
quality, both for the in natura consumption or for fruit processing (Greco et al. 2014; Silva et al. 2016; Santos
et al. 2017).

Machado et al. (2015) observed that the species P. setacea (BGP 357) had expressive values of soluble
solids (16.45 2Brix) and ratio (SST/AAT) of 8.08. Greco et al. (2014) also found similar values, ranging from
2.12 to 3.02 in the species of yellow passion fruit (Passiflora edulis Sims).

The pH is used to indirectly determine fruit acidity. The variation of pH is not only associated with
acidity since the pH depends both on the concentration of free H* ions and on the buffering capacity of the
juice or the pulp (Silva et al. 2016). According to Normative Instruction n2 37 of MAPA, passion fruit juice
(Passiflora spp.) must contain a minimum pH of 2.7 (Brazil 2018). In the literature there are also several
reports stating that fruits with low pH can be used for in natura consumption. Chagas et al. (2016), studying
the physical and chemical characteristics of fruits of two populations of passion fruit, observed pH values
ranging from 2.35 to 2.62, similar to the genotypes studied in the present study (Table 2). Neto et al. (2015)
also observed pH values between 2.52 and 2.96 and Greco et al. (2014) from 2.42 to 3.80, in their respective
studies.

Fortaleza et al. (2005) observed that the fruit mass is usually proportional to the number of viable
seeds, and consequently also proportional to the yield of juice in the passion fruit crop, interesting
characteristics both for fresh fruits and for industrialization.

In addition, Fortaleza et al. (2005) states that the relationship between the length and diameter of
passion fruit is used to evaluate the shape of the fruit. This characteristic is important for industry, since
there is a preference for oblong fruits because they present about 10% more than juice than the round
ones. Thus, fruits of longer length (oblong) tend to be heavier and have a higher pulp yield, while the husk
has a thinner thickness. Greco et al. (2014) observed a strong correlation between fruit length and mass (rf
=0.7353) and median correlation for length and C/L ratio (rf = 0.6573) and found the acidity showed a
median and negative correlation with ratio (SST/AT) and pH. The negative correlations indicate that the
selection based in one of the characteristics may have a high negative effect in the other aspect, which
may be a problem in genetic breeding programs.

5. Conclusions

High heritability values in the broad sense and CVg/CVe ratio were found for most of the
characteristics studied, indicating favorable conditions for selection and the possibility of using simple
selection methods, such as mass selection, for passion fruit genotypes. The genotypes of yellow passion fruit
MAR20#21 P2 x FB 200 P1 R2 and MAR20 # 19 ROXO R4 x ECRAM P3 R3 showed the highest values for fruit
mass and pulp mass with seed. The wild passion fruit cultivar BRS Mel do Cerrado showed the highest fruit
mass among the wild ones. Most of the studied genotypes showed oval fruit shape, which is an interesting
characteristic for the passion fruit industry.

Regarding the color parameters, the L* values ranged from 39.00 to 49.39. The values of hue angle
(h*), showed that the majority of the evaluated materials have orange color, except BRS Sertdo Forte, which
has a tendency to the yellow color.

All genotypes of wild, sweet and yellow passion fruit showed total soluble solids contents above the
minimum required (11 ° Brix) for the production of passion fruit pulp (Passiflora edulis Sims), according to
the identity and quality standards of the Ministério da Agricultura, Pecuaria e Abastecimento. The wild
passion fruits of the genotypes CPAC MJ-02-17 and BRS Mel do Cerrado (Passiflora alata Curtis) reached
values of total soluble solids of 16.112Brix and 18.46 °Brix, respectively.
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Positive and significant correlations were observed between the characteristics of CMP and MF,
and MF and R: C/L ratio, demonstrating that oblong-shaped fruits tend to have higher fruit mass.
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