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ABSTRACT. The aim of this study was to analyze the physical
and chemical characteristics of the maturation process of pitaya
fruit (Hylocereus undatus) to identify indicators that can be used to
determine the point of physiological maturity and establish the optimal
timing of physiological maturity for harvesting the fruit. A completely
randomized experimental design was employed and four biological
repeats were performed. Physiological maturity was assessed using
various physical characteristics: longitudinal length (LL), equatorial
diameter (ED), pericarp thickness (PeT), pulp thickness (PuT),
fruit mass (FM), pulp mass (PuM), pericarp mass (PeM), pericarp
percentage (%Pe), pulp percentage (%Pu), pulp/pericarp ratio (Pu/Pe),
pericarp color index (CI), hue color angle (%°), lightness index (L*),
chroma (C%*), blue-yellow variation (b*), and green-red variation (a*).
Additionally, chemical characteristics such as soluble solid content (SS),
titratable acidity (TA), SS/TA ratio, and pH were screened. The data
were statistically analyzed by fitting regression models and computing
Pearson’s correlation coefficients (P < 0.05). Physiological maturity in
pitaya fruits occurred between the 30th and 32nd days after anthesis,
and this proved to be the optimal period for harvest. At this time, the
fruit was completely red with high SS, and had the recommended
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values of TA, pH, and SS/TA ratio. During this period, ED, PuT, FM,
PuM, %Pu, and Pu/Pe increased while PeT, PeM, and %Pe fell; these
changes are considered desirable by producers and/or consumers. PuM
was the variable that displayed more strong's association with other
variables in the analysis.

Key words: Cactaceae; Days after anthesis; Hylocereus undatus;
Fruit quality; Maturation; Phenological stage

INTRODUCTION

Pitaya species belong to the plant family Cactaceae that are found in the tropical and
subtropical Americas, particularly in semi-desert areas of the hot regions of Latin America
(Le Bellec et al., 2006). Hylocereus undatus (Haworth) Britton & Rose is the most widely
cultivated species and is grown for its fruit, which is red with white pulp (Nerd et al., 2002).

Pitaya fruit has traditionally been consumed in Colombia, Mexico, Nicaragua, and
Vietnam; however, its niche in the exotic fruit market has grown in recent years (Le Bellec et
al., 2006). In Brazil, consumer demand for the fruit has increased because of its organoleptic
characteristics and nutraceutical properties (Silva et al., 2006; Andrade et al., 2008). Consequently,
fruit producers have become increasingly interested in cultivating this specie because of the
increased demand and aggregate market value of the pitaya fruit (Bastos et al., 2006).

The stage of maturation of fruit at harvest affects post-harvest development and
influences the final quality. Fruit that has been harvested prematurely is susceptible to
physiological disorders caused by cellular disorganization, and to the rupture of cell walls;
however, fruit harvested when overripe is likely to show senescence, causing quantitative and
qualitative losses (Chitarra and Chitarra, 2005).

The production of Cactaceae fruits depends on both intrinsic and extrinsic factors,
as well as their interaction. Moreover, the organoleptic and nutritional quality of the fruit
depends on the degree of maturation (Centurion Yah et al., 1999, 2000; Vazquez-Sanchez
et al., 2005). Identifying the optimal timing of harvest requires an understanding of growth
and developmental patterns from flowering, in order to establish maturation rates (Castro et
al., 2008).

The maturation rates and post-harvest behavior of pitaya fruits, or their quality
parameters are relatively unknown (Corrales Garcia, 2003). However, certain features are
considered important at harvest, such as pericarp color, which is considered an indicator of
maturity. Additionally, the criteria soluble solid content, acidity, and number of days after
anthesis (DAA) until the fruit is fully developed are often used to determine the timing of
harvest (Nerd et al., 1999).

Fruit maturation is one of the least described events in plant phenology models
(Chuine et al., 2003). Thus, determining the period in which fruit reaches physiological
maturity is significant for the optimization of fruit harvest and quality. The aim of this
study was to analyze the physical and chemical characteristics of the maturation process
of pitaya fruit (H. undatus) to identify indicators that can be used to determine the point
of physiological maturity and establish the optimal timing of physiological maturity for
harvesting the fruit.
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MATERIAL AND METHODS

The study was conducted between January and February 2012 in the Londrina State
University (Universidade Estadual de Londrina - UEL), in northern State of Parand, Brazil.
The fruits were obtained from H. undatus plants that were approximately 10 years old and
had been cultivated in the experimental area of the UEL Department of Agronomy, which is
located at 23°23"' S and 51°11' W at an average elevation of 566 m. The soil is classified as
Eutroferric Red Nitosol (according to the Brazilian soil classification system; Embrapa, 2013),
and the plants were spaced 2.0 x 3.0 m apart and supported by 2.5 m high trellises, with each
trellis supporting two plants.

Flowers at anthesis were manually pollinated at night. Harvesting of fruit began 21
days later and lasted 12 days, with 4 fruits harvested per day. The experimental design was
completely randomized, and four replicate experiments were performed.

Data on maximum/minimum temperatures and rainfall were recorded throughout
the entire experimental period using an HT-500® Datalogger (Instrutherm, Sao Paulo, Brazil)
installed in the experimental area (Figure 1).
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Figure 1. Daily minimum and maximum temperatures and rainfall in the period between flowering and harvest of
pitaya fruits.

The fruits at each sampling point were harvested in the morning and sent immediately
to the UEL Fruit Analysis Laboratory to measure their physical and chemical characteristics.

The following physical characteristics were determined using an analog caliper and
recorded in cm: longitudinal length (LL), equatorial diameter (ED) of the fruit without scales,
pericarp thickness (PeT), and pulp thickness (PuT). The fresh mass of the fruit (FM), its pulp
(PuM), and pericarp (PeM) were measured with a precision scale and recorded in g. Based on
these measurements, the pulp percentage (%Pu), pericarp percentage (%Pe), and ratio between
pulp and pericarp masses (Pu/Pe) were calculated.
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The fruit color was determined by reflectometry using a CR-10® Colorimeter
(Konica Minolta, Tokyo, Japan). The readings were obtained at the basal portion of the
pericarp and expressed as L*, a*, b* modulus in accordance with the CIE color system
(1976) for color measurement, specification, and adjustment. In this system, a color solid is
defined by three rectangular coordinates from which units or points of approximate visual
uniformity are obtained (McGuire, 1992). Coordinate L * indicates lightness, and it varies
from zero (completely black) to 100 (completely white). Coordinate a* expresses the degree
of green-red variation (increasingly negative values indicate stronger green and increasingly
positive values indicate stronger red) and coordinate b* expresses blue-yellow variation
(increasingly negative values indicate stronger blue and increasingly positive values indicate
stronger yellow).

In addition to these variables, the chroma value (C*), which expresses the color
intensity or saturation, and the hue color angle (%£°), which indicates the observable
color, were also determined. The hue color angle can vary between 0°and 360°, where
0° corresponds to red, 90° corresponds to yellow, 180° corresponds to green, and 270°
corresponds to blue. Lastly, the pericarp color index (CI) was calculated using the following
formula CI = (180 - £°) / (L* + C*), which was originally defined for red grapes (Carrefio
et al., 1995).

As for the chemical characteristics, soluble solid content (SS) was determined using
a DR301-95% digital bench-top refractometer with automatic temperature compensation
(Kriiss Optronic, Hamburg, Germany). A mixer has been used for 5 min to grind the pulp
of individual fruits into a mush; the results were recorded in degrees Brix (°Bx). Titratable
acidity (TA) and pH were measured by titration of 10 mL mush plus distilled water to a
final volume of 50 mL with a standard solution of 0.1 N NaOH in a TritoLine® Easy digital
potentiometric titrator (Schott-Gerdte GmbH, Mainz, Germany). The final titration point
adopted in these measurements was pH = 8.2 and the results are reported as citric acid%
(Pregnolotto and Pregnolotto, 1985). Finally, the ratio of SS values to TA values (SS/TA
ratio) was obtained.

The physical and chemical characteristics of the fruits were compared through analysis
of variance (ANOVA) and polynomial regression analyses to determine the effects of DAA (P
< 0.05); in addition, Pearson’s correlations (P < 0.05) were determined.

RESULTS AND DISCUSSION

Over the 12-day harvest period, LL did not vary significantly in the pitaya fruit, with
arange of 10.6 to 11.7 cm. In contrast, Centurion Yah et al. (2008) found an increase in LL
during maturation with a maximum of 8.9 cm at 31 DAA for H. undatus fruit grown between
May and July at a mean temperature of 26.1°C and rainfall of 73.9 mm. In a study of
reproductive phenology and fruit quality during the summer and autumn at Sinaloa, Mexico
(29°-26°C), Osuna Enciso et al. (2007) reported a mean LL of 14.3 cm for the same species.

ED of the pitaya fruits increased linearly over the 12-day period, growing from 7.0
to 7.9 cm (Figure 2). In their study of pitaya fruit maturation, Centurion Yah et al. (2008)
observed continuous growth to an ED of 8.2 cm at 31 DAA; this value is close to that obtained
here (7.9 cm); which was also found by Osuna Enciso et al. (2007). Martinez Chavez (2011)
described pitaya fruits with ED varying between 5.2 and 7.8 cm in Hylocereus spp.
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Figure 2. Equatorial diameter (ED) of pitaya fruits from 21 to 32 days after anthesis (DAA).

PeT varied from 1.06 to 0.17 cm over the harvest period, and the data fitted a 2nd
degree polynomial regression model. During pitaya fruit maturation, PuT increased linearly
from 4.60 to 7.17 cm over the 12-day period (Figure 3). Martinez Chavez (2011) evaluated
six pitaya genotypes in Hylocereus spp and found a range of PeT of 0.22 to 0.42 cm, whereas
Marquez-Guzman et al. (2005) reported PeT of 0.26 to 0.37 cm for five H. undatus genotypes.
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Figure 3. A. Pericarp thickness (PeT) and B. pulp thickness (PuT) of pitaya fruits from 21 to 32 days after anthesis
(DAA).
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Our data for FM, PuM, and PeM over the 12-day period are shown in Figure 4. Note
that both FM and PuM fitted a linear function. Similar results were reported for H. undatus
by Centurion Yah et al. (2008); they found that FM increased linearly to 469.2 g at 31 DAA.
By comparison, we found an increase from 293.1 to 416.2 g at 32 DAA (Figure 4A). Osuna
Enciso et al. (2007) reported a mean FM of 442.0 g, while Nerd et al. (1999) reported a mean
FM of 437.5 g.

We found that PuM increased linearly over the 12-day harvest period to a maximum of
253.3 gat 32 DAA (Figure 4B). These data are consistent with those of Centurion Yah et al. (2008)
who reported an increase as the fruit matured and a maximum mean PuM of 368.9 g at 31 DAA.
PuM of 188.4 g (Castillo-Martinez et al., 2003), 297.8 g (Osuna Enciso et al., 2007) and 139.6
to 320.1 g in five H. undatus genotypes (Marquez-Guzman et al., 2005) have also been reported.
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Figure 4. A. Fruit mass (FM), B. pulp mass (PuM) and C. pericarp mass (PeM) of pitaya fruits from 21 to 32 days
after anthesis (DAA).
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In contrast to FM and PuM, we found that the data for PeM fitted a quadratic function
and had a maximum at 24 DAA (Figure 4C). Centurion Yah et al. (2008) obtained similar
results in their evaluation of fruit development in H. undatus; for PeM, they reported an
increase until the 20th DAA and a subsequent decline until 31 DAA. The smallest PeM value
(129.7 g) here was obtained was at 32 DAA (Figure 4C). Therefore, we conclude that as
pitaya fruits mature, PeM decreases while PuM increases. Marquez-Guzman et al. (2005) and
Martinez Chavez (2011), in their studies of different H. undatus genotypes, observed PuM
ranging from 72.4 to 120.5 g and 57.9 to 140.6 g, respectively. Thus, variability also exists
within the species.

We calculated the relative sizes of the pericarp and pulp masses compared to the fruit
mass as the %Pe and %Pu. Over the 12-day harvest period, %Pe fell from 71.3 to 34.0%
(Figure 5A), whereas %Pu rose from 28.7 to 66.0%. Given that the pulp is the edible part of
the fruit, these results are favorable.

At 32 DAA, the fruits contained 66.0% pulp (Figure 5A); Marquez-Guzman et al.
(2005) reported 73.0% pulp in H. undatus fruits and Osuna Enciso et al. (2007) recorded 79.0%
pulp at 31 DAA; the period considered the start of physiological maturity (Centurion Yah et
al., 2008). In the six pitaya genotypes examined by Martinez Chavez (2011), the pulp ranged
from 40.5 to 80.6%, a range that includes the result obtained here, despite the occurrence of
intra-specific variation.
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Figure 5. A. Pericarp percentage (%Pe) and B. pulp percentage (%Pu) during the maturation of pitaya fruits from
21 to 32 days after anthesis (DAA).
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Centurion Yah et al. (2008) assessed physical changes in H. undatus fruits and
concluded that fruits at 25 DAA contained 39.9% pericarp, a value that decreased to 20.4%
at 31 DAA. These values are below those reported by Nerd et al. (1999), who found 57.5 and
32.5% pericarp, respectively. In the present study, we obtained a higher %Pe, but a similar
trend was present as the estimate fell from 69.0 to 41.0% as the fruit matured (Figure 5B). One
drawback to this change is that it makes the pericarp thinner and more sensitive to post-harvest
tearing and damage (Centurion Yah et al., 2008).

We found here that the pulp to pericarp ratio (Pu/Pe) increased during the sampling
period (0.40 to 1.98) as the result of the increased pulp mass and decreased pericarp mass
(Figure 4). Our polynomial regression analysis indicated the ratio peaked at 32 DAA (Figure 6).
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Figure 6. Pulp to pericarp ratio (Pu/Pe) of pitaya fruits from 21 to 32 days after anthesis (DAA).

Centurion Yah et al. (2008) reported that pitaya fruit color begins to change at 25
DAA. At this time, PuM and PeM were 188.7 and 125.1 g, respectively, producing a Pu/Pe
ratio of 1.5. At 31 DAA, PuM and PeM were 368.9 and 94.8 g, respectively, giving a ratio
of 3.9. Thus, during the period of fruit color change, the edible portion of the fruit (pulp)
increases while the pericarp decreases.

A regression analysis showed that the pericarp CI increased with time in the present
study, shifting from green to incipient red at 28 DAA and turning completely red after 30 DAA
(Figure 7). Centurion Yah et al. (2008) observed that at 25 DAA, pitaya fruits had a light green
pericarp with some incipient red; at 27 DAA, the pericarp turned yellowish-green with red
zones over 10 to 20% of the surface; at 29 DAA, the fruits were bright red over 70% of the
surface; and at 31 DAA, the fruits were completely red-purple.
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Figure 7. Pericarp color index (CI) of pitaya fruits from 21 to 32 days after anthesis (DAA).
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According to Castillo-Martinez and Ortiz-Hernandez (1994) and Centurion Yah et al.
(2008), the first change in H. undatus pericarp color occurs at 24 to 25 DAA; however, in the
present study, this change occurred at 28 to 29 DAA (Figure 7). According to Nerd et al. (1999)
and Centurion Yah et al. (2008), the pericarp of pitaya fruits becomes completely red 4 to 5
days after the first change in color; we obtained similar results in showing this change occurred
between the 30th and 32nd DAA. A study in Vietnam, where H. undatus fruits are harvested when
they turn red, found that the change occurs between the 28th and 30th DAA (To et al., 2002).

Color is an important parameter for producers and consumers because it indicates
whether the fruit displays the ideal conditions for commercialization and consumption. However,
in most cases, color does not contribute to an effective increase in the nutritional value or quality
of'the product (Chitarra and Chitarra, 2005). Nevertheless, consumers, in general, prefer strongly
colored and shiny fruits (Hirsch et al., 2012). The degreening of the pericarp to produce the
typical fruit color for the species provides an important indicator of the state of maturation of the
fruit (Chitarra and Chitarra, 2005) and of the optimal time for harvest (Tucker, 1993).

The data for hue color angles (4°) fitted a quadratic curve (Figure 8). When harvesting
began, the fruit pericarp was green-yellow (118°); as maturation advanced the hue changed to
80-64° at 28 to 29 DAA (as red coloration began to develop); the fruits become completely red
at the 30th DAA (23°) and increased in intensity at 31-32 DAA (10°). Similarly, Centurion Yah
et al. (2008) reported a decrease in mean color angle values during maturation from 116.6° (25
DAA), 108.3° (27 DAA), 91.4° (29 DAA), to 51.0° (31 DAA).

According to Wybraniec and Mizrahi (2002) and Le Bellec et al. (2006), the red
coloration of the pericarp in Hylocereus spp fruit is the result of accumulation of betacyanins.
Synthesis of these pigments is activated by the high availability of sugar and light, among
other factors (Castellar et al., 2003). As the fruit maturation process advances, there is an
increase in the amount of soluble sugars leading to increase in betacyanin production and
a reduction in the color angle values in the fruit. Phebe et al. (2009) showed that there was
a significant negative correlation between hue color angles and total betacyanin contents in
pericarps of H. polyrhizus with a drastic increase of 90% between 25 and 30 DAA.

Centurion Yah et al. (2008) reported a color angle value of 51° for H. undatus at 31
DAA, which is higher than the average 10° angle obtained here. This value is within the range
recommended by To et al. (2002) who suggested values equal to or below 30° for commercial
harvesting of pitaya; this value was obtained here from the 30th DA A (Figure §). Osuna Enciso
et al. (2011) evaluated the pitaya maturity at three harvest times and obtained fully mature
fruits with values below 30°; this value is near the angle range corresponding to red (0°).

The lightness index (L*) is important to consumers as lightness contrast allows the
fruits to be more attractively displayed. Martinez Chavez (2011) evaluated the shininess of
the fruit from six pitaya genotypes and showed the occurrence of variation with a range from
60.3 (shiniest) to 29.7 (least shiny). In the present study, the lightness index fell from 50.7
to 37.8 as the fruits matured, indicated that the color of the fruit had become darker (Figure
8). However, Centurion Yah et al. (2008) did not find any significant differences in lightness
during the development of fruit from this species.

The changes in chroma (C*) values, from 28.5 to 45.1, indicated that color intensity
increased during maturation. This increase in intensity of pericarp color may encourage fruit
acceptance by consumers. Regarding the variable b* which expresses the degree of blue
(toward negative) to yellow (toward positive) variation, we identified a decreasing trend with
time: the mean value was 30.6 at 21 DAA, 21.1 at 29 DAA, 12.3 at 30 DAA, 6.2 at 31 DAA,
and 7.6 at 32 DAA (Figure 8).
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green-red variation (a*) of the pericarp of pitaya fruits from 21 to 32 days after anthesis (DAA).
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The final variable we scored to assess color changes in the pericarp was a*, which
represents the degree of green (toward negative) to red (toward positive) variation. We found
that a* increased with time from -16.4 at 21 DAA, to 11.1 at 29 DAA, 31.3 at 30 DAA, 39.7
at 31 DAA, and 44.4 at 32 DAA (Figure 8).

We analyzed various chemical characteristics in pitaya fruit pulp from fruits harvested
over the interval 21st to 32nd DAA. The data on solid soluble (SS) contents fitted a 2nd degree
curve with a maximum value of 12.2 °Bx at the 31st DAA (Figure 9). Centurion Yah et al.
(2008) suggested there was a close relationship between color development and SS contents in
H. undatus. They found that fruits at 20 days of development had an SS content of 4.6 °Bx, a
value below that when fruit harvesting began at 21 DAA (7.6 °Bx) and at 31 DAA (12.6 °Bx);
these results are consistent with our findings.
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Figure 9. Solid soluble content (SS) in pitaya fruits from 21 to 32 days after anthesis (DAA).

Osuna Enciso et al. (2011) measured SS contents at different harvest times; the
fruit was harvested at the initial maturation stage (25 to 50% of the pericarp surface red),
intermediate maturation (50 to 75%) and full maturation (75 to 100%), and they found similar
values to those of this study for fruits harvested at intermediate and full maturity (12.4 and 13.6
°Bx). Additionally, the same authors had observed after 12 days of storage that these SS values
dropped by one or two units. Other authors reported similar results for fruit with red pericarp
and white pulp. For example, Castillo-Martinez et al. (2003) found an SS content of 11.9 °Bx,
while Marquez-Guzman et al. (2005) reported values ranging from 10.9 to 14.1 °Bx in four
pitaya genotypes. However, fruit with higher SS contents have also been recorded. Martinez
Chavez (2011) studied six pitaya genotypes and found SS contents ranging from 14.5 to 17.6
°Bx; Livera-Muioz et al. (2010) found that fruit varieties with a red-purple pericarp and white
pulp had values from 12.0 to 16.0 °Bx.

Centurion Yah et al. (2008) found that pitaya fruit flavor varies between bittersweet
and sweet from 27 to 31 DAA, and that acceptance of the fruit by consumers was optimal
between 29 and 31 DAA. Merten (2003) reported that in California, pitaya fruit physiological
maturity occurs between 40 and 45 DAA when the fruit reaches maximum SS content.

Nerd et al. (1999) reported values between 16 and 17 °Bx during an evaluation of two
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species of Hylocereus and determined that sugar accumulation during pitaya fruit maturation
is related to a decrease in starch content and pulp mucilage and that there is no contribution
from pericarp metabolism. This contrasts with the situation in Opuntia ficus-indica (L.) Miller
fruit (de La Barrera and Nobel, 2004).

TA was found here to fit a quadratic function in a regression analysis; in contrast to
SS contents, maximum TA occurred at an earlier time, namely 26 DAA. At 21 DAA, the fruits
displayed lower acidity (0.40%); acidity then increased until a maximum value of >1.0% was
reached. TA subsequently decreased to a value of 0.27% at 32 DAA (Figure 10). This behavior
is consistent with that described by Wills et al. (1998), who ascertained that the decrease
in organic acids during fruit maturation was the result of them being used as substrates for
respiration.
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Figure 10. Titratable acidity (TA) in pitaya fruits from 21 to 32 days after anthesis (DAA).

Nerd et al. (1999) found a similar trend in H. undatus and H. polyrhizus fruits, namely
that acidity was higher in fruits during color change than in those in which color change was
advanced. According to Centurion Yah et al. (1999), consumers find the taste of fruits with a
TA of 0.24% acceptable; this conclusion is consistent with the 0.27% at 32 DAA, the final day
of harvest (Figure 10). Acceptance was found to increase because of flavor of the fruit that is
produced from 29 to 31 DAA (Centurion Yah et al., 2008).

Several authors have assessed the acidity of Hylocereus spp fruits and reported
values close to those found in this study, such as 0.24% (Centurion Yah et al., 1999), 0.30%
(Sornyatha and Anprung, 2009), 0.36% (Arévalo-Galarza and Ortiz-Hernandez, 2004), 0.40%
(Centurion Yah et al., 2008), and 0.30 to 0.60% in six different genotypes (Martinez Chavez,
2011). However, in their comparison of fruits harvested at different stages of maturation,
Osuna Enciso et al. (2011) found that acidity values fell from 0.92 in the least mature, to
0.76 at an intermediate stage, and to 0.63%, in ripe fruit, indicating that mature fruits are
less acidic. According to Arévalo-Galarza and Ortiz-Hernandez (2004), the increase in acidity
before the change in fruit color indicates the beginning of the maturation processes; moreover,
the reduction in acidity of the pitaya pulp can be a problem, as it does not permit determination
of the sweetness of the fruit.
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We also analyzed the SS/TA ratio and found that the minimum value was reached
at 25 DAA because of increased acidity (Figure 11). To et al. (2002) proposed that the best
indicator for pitaya flavor was the SS/TA ratio and that the ideal value is approximately 40,
which occurs in mature fruits with 0.40% acidity. Here, we found a ratio higher than this
optimum at 32 DAA (55.5) (Figure 11); this high ratio resulted from progressive decrease in
acidity after 26 DAA (Figure 10).
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Figure 11. SS/AT ratio in pitaya fruits from 21 to 32 days after anthesis (DAA).

Martinez Chéavez (2011) found that the increase in the SS/TA ratio was a result of a
drop in acidity from 1.40 to 0.40%; they also obtained ratios between 33.1 and 48.6 in the six
genotypes studied. Centurion Yah et al. (2008) reported an increase from 20.6 to 35.5 between
the 25th and 31st DAA, which was associated with a significant reduction in acidity from 1.20
to 0.40%.

According to Thé et al. (2001), fruit flavor is in large part a result of the balance
between acids and sugars; this balance can be assessed by the SS/TA ratio. The SS/TA ratio
increases during maturation because of reduced TA and increased SS content, and indicates
the appropriate time for harvesting and storing the fruit or for its immediate consumption. By
contrast, Osuna Enciso et al. (2011) suggested that as the changed ratio was caused by the
drastic reduction of TA, then a high SS/TA ratio could not be an indicator of quality because
there was no increase in SS content. Here, however, in addition to the reduction in acidity after
26 DAA, which continued to 32 DAA (Figure 10), we found an increase in SS content (Figure
9) that contributed to the increased SS/TA ratio (Figure 11). This characteristic was reported
by Centurion Yah et al. (1999) and Nerd et al. (1999) and was suggested to be indicative of an
“insipid” flavor in pitaya fruits.

During maturation, the pH of the H. undatus fruit changed in an inverse manner
to acidity; thus pH values were initially high but declined until the 28th DAA when they
began to increase again (Figure 12). This behavior was consistent with the result from
the TA analysis (Figure 10) because a higher pH corresponds to a lower acidity and vice-
versa.
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Figure 12. pH in pitaya fruits from 21 to 32 days after anthesis (DAA).

At 32 DAA, the average pH was 4.6 (Figure 12). Similar values were reported by
Esquivel et al. (2007) in their study of Hylocereus spp; they found pH values ranging from
4.2 to 4.9. Similarly, Stintzing and Carle (2006) reported pH between 4.3 and 4.7. However,
Calix de Dios and Castillo-Martinez (2008) found a pH of 1.7 in the H. undatus subspecies
luteocarpus. Rodriguez Rodriguez et al. (2005), working with yellow pitaya (Selenicereus
megalanthus), observed that the mature harvested fruit had a high pH, a result consistent with
those obtained in this study (Figure 12).

We analyzed all the variables described above and considered significant correlations
with strong linear dependency above 0.80 (Table 1) (Ortiz et al., 2014). PuM had a strong
positive linear association with PuT, FM, %Pu, Pu/Pe, CI, a*, and SS content, and a strong
inverse linear association with PeM, %Pe, /°, and b*. Therefore, PuM was the most appropriate
variable for determining the maturation of pitaya fruits, as it showed strong correlations with
12 other characteristics analyzed.

The variables %Pe, %Pu, /°, and a* were also found to be efficient for identifying the
physiological maturity of H. undatus fruits because they had strong linear correlations with
10 other variables, while PeM, b*, CI, and Pu/Pe, showed correlations to 9, 9, 8, and 7 other
variables, respectively. The PuT value was strongly and inversely proportional with %Pe and
h° and directly proportional to FM, PuM, %Pu, a*, and SS content.

The variables FM and SS content had strong and positive linear correlations with ED,
PuT, PuM, and %Pu, and negative correlations with %Pe. According to Nerd et al. (1999), the
development of H. undatus fruit color is related to SS content, which is consistent with the
data shown in Table 1. Here, we identified a weak significant correlation (p < 0.80) in which
the SS content was in direct proportion to the CI and a* values and in inverse proportion to
h°and b* values.

Among the characteristics under assessment, L* and ED showed least association to
the others. L* showed a direct proportional correlation with PeM, 4°, and b* and an inverse
proportional correlation to a*; ED was directly correlated with FM and SS content. The only
variables that did not strongly correlate to any other were PeT and C*. The remaining variables
did not show significant or strong correlations.
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According to Cavalini (2004), the use of more than one variable to characterize the
stage of maturation allows greater precision in classifying fruit stages. Furthermore, knowing
the correlations among the characteristics for maturation, one variable can be validated based
on another. Nevertheless, the correlation test should not be used in isolation to identify the point
of physiological maturity of the fruit as this may lead to incomplete or incorrect information.
A significant correlation indicates that there is a similar variation trend between two variables,
but does not mean there is a corresponding precision in attaining a given point.

Castillo-Martinez and Ortiz-Hernandez (1994) found that the period of pitaya fruit
maturation runs from the first manifestation of red color in the pericarp until the appearance of
brown-colored streaks. As this latter state implies a loss in the commercial value of the fruit,
they suggested that the stage of useful harvest was between 25 and 31 DAA. Similar estimates
for the maturation period were obtained in other studies, such as 28 to 30 DAA (To et al., 2002),
29 to 31 DAA (Centurion Yah et al., 2008), and 25 to 31 DAA (Martinez Chavez, 2011).

The results of these studies are consistent with those obtained in the present study,
where it was observed that physical and chemical characteristics had an influence on the
maturation of pitaya fruits as a result of the significant differences that occurred during
harvest (except for changes in LL). H. undatus fruit grown in Londrina-PR, Brazil, reached
physiological maturity between 30 and 32 DAA; the fruit turned completely red at 30 DAA,
and the tone became more intense at 31-32 DAA, as shown by the increase in the pericarp CI,
a*, and decrease in /°, which reached values corresponding to red coloration. At 31 DAA,
the SS contents were at their peak, and at 32 DAA, there was an increase in the Pu/Pe and a
decrease in PeM. In addition, TA, pH and SS/TA ratio reached the values recommended in the
literature for this species.

CONCLUSIONS

Our analysis showed that Hylocereus undatus fruit grown in Londrina, PR, Brazil,
reached physiological maturity between 30 and 32 DAA. During this optimal period for harvest,
the fruit became completely red with high soluble solid contents, and reached the recommended
values of titratable acidity, pH, and SS/TA ratio for this species. Fruit equatorial diameter, pulp
thickness, fruit mass, pulp mass, pulp percentage, and pulp/pericarp ratio also increased within
this period, with a reduction in pericarp thickness, pericarp mass, and pericarp percentage; these
latter traits are desired by both producers and consumers. We determined that pulp mass was
the variable that showed more strong's association with other variables analyzed in this study.
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