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Abstract: Red-fleshed dragon fruit offers an array of bioactive compounds. Its cultivation is gaining
momentum in India, including in arid and semi-arid conditions. Among various factors, the fruit
developmental stages and climatic conditions of locations greatly influence the biosynthesis and
actual contents of different bioactive compounds and mineral contents of the fruit. The changes in
physical attributes, and bioactive and mineral content in red-fleshed dragon fruit grown in semi-arid
conditions in India were assessed and quantified at six developmental stages. Significant changes
occurred in the physical attributes of the fruit and the bioactive compounds and mineral content
during the fruit maturation stages of the red-fleshed dragon fruit. The fruit physical characteristics,
such as fruit size, fruit and pulp weight gain, peel thickness, and fruit firmness, along with eating
quality parameters, such as soluble solids, sugars, acidity and soluble proteins, were observed at
optimum at 35 days after anthesis (DAA). The decrease in total phenolics (29.96%), total flavonoids
(41.06%), and vitamin C (75.3%) occurred throughout the fruit development stages, whereas the
content of betalains, which was detected initially at 25 DAA, increased (48.6%) with the progression of
the fruit development stages. However, the antioxidant capacity and free radical scavenging activity
demonstrated variable trends throughout the fruit maturation period. There was an increasing trend
in all the minerals up to 35 days, followed by a slight decrease, except for phosphorus content,
which increased until the last stage of evaluation. The colour characteristics, in conjunction with
the bioactive and antioxidant potential determined in the present study, suggest that red-fleshed
dragon fruit can be harvested at 35 DAA for long-distance transportation, and from 35 to 40 DAA for
local marketing.

Keywords: Hylocereus polyrhizus; maturity stages; phyto-chemicals; minerals; semi-arid conditions

1. Introduction

Consumer awareness about the health benefits of fruit offers great thrust for their
regular consumption as part of a balanced diet [1,2]. Worldwide, the demand of nutrient-
dense fruit has increased immensely in the recent past, not only for enhancing nutritional
status, but also for their benefits to immune and metabolic health [3,4]. Dragon fruit
(Hylocereus spp.), popularly known as Pitaya, is a climbing cactus that belongs to Cactaceae
family. Among its different species, Hylocereus polyrhizus (red dragon fruit or red pitaya) is
highly nutritious, as it provides an array of bioactive components, including a wide range
of antioxidants, phytonutrients, minerals, and enzymes [5]. Once planted, the crop runs for
about 20 years, fruit-harvesting starts from the second year onward, and yield stability is
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attained in 3 to 5 years. Dragon fruit is native to the tropical areas of South Mexico and
Central America [6], but now it is being successfully cultivated in more than 20 tropical and
subtropical countries due to its high economic return, easy adaptation to different growing
conditions, exotic appearance, unique taste, and promising nutritional properties [7].

Dragon fruit cultivation is now gaining momentum in India as well, as the Gov-
ernment of India, through various schemes, is giving greater impetus to push for its
commercial cultivation in the climatically suitable regions of south, west and northeastern
India, including the arid and semi-arid regions. Its fruit is consumed fresh or used for jams,
beverages, and wine [8]. Several studies suggest that red-fleshed dragon fruit contains
numerous health-promoting phytochemicals (i.e., carotenoids, flavonoids, polyphenols,
and vitamin C), which are known to play important roles that signify strong antioxidant
potential in the fruit [9,10]. The red pulp color is mainly because of the presence of betanin
pigments, which are rich sources of antioxidants with radical scavenging ability [11–13].
Because of its strong antioxidant activity and rich source of minerals and vitamins, it
helps prevent several health ailments, such as diabetes, cancer, respiratory, cardiovascular,
gastrointestinal, and urinary diseases [14]. As a non-climacteric fruit, it is harvested at
proper physiological maturity [5]. On the other hand, its fruit is perishable and has a
short shelf-life (10–12 days); the post-harvest quality and nutrients may change and/or
deteriorate rapidly [15]. Among several factors, climatic condition and fruit developmental
stages influence biosynthesis and the actual contents of different bioactive compounds
and minerals [16,17]. A recent study, conducted in Brazil by Zitha et al. [5], reported that
the contents of anthocyanins, betacyanin, and betaxanthin, as well as the total phenolic
compounds, increased with the advancement of the fruit development, but on the other
hand, the content of total ascorbic acid decreased throughout the fruit development stages.
A similar study of another group in the isoclimatic conditions of Brazil reported significant
physico-chemical changes, such as an increase in total soluble solids, juice pH and acidity,
as well as a decrease in fruit firmness and skin thickness, with an optimum level between
34 and 36 days after anthesis (DAA) [18]. While under the distinct climatic conditions of
Selangor, Malaysia, a tremendous peel and pulp colour change occurred between 25 and
30 DAA, and these changes coincided with the increase of total betacyanin and protein
contents [19]. Dragon fruit is a relatively new introduction to Indian arid and semi-arid
climatic conditions, and the regional climate differs greatly from those in previously stud-
ied areas. Fruit growth and development occur during July-September and coincide with
relatively higher temperatures, ranging from mean minimum of 30 ◦C to mean maximum
of 40 ◦C with about 10 ◦C diurnal temperature variation. It is stated that spatial and
different agro-climatic conditions have considerable effects on changes in phytochemical
characteristics of dragon fruit during different stages of its growth and developemnt.

Considering the fact that a different growing environment may influence the product
development and its quality differently by affecting the stimulation of the biosynthesis of
secondary metabolites and health promoting phytochemicals [20], insightful knowledge
about the changes in physical and nutritional compounds during the fruit development
period of red-fleshed dragon fruit in arid and semi-arid condition is of paramount impor-
tance for harvesting at the proper stage for harnessing the maximum content of specific
compounds and functional properties of dragon fruit in these regions. The present study
aims to generate information on changes in physical and bioactive compounds and mineral
nutrient compositions during the fruit growth and development stages of red-fleshed
dragon fruit grown in arid and semi-arid Indian conditions.

2. Materials and Methods
2.1. Experimental Site and Fruit Material

The experiment was conducted at an adopted farmer’s field (25◦20′34′′ N, 73◦21′26′′ E;
292 m of altitude) in the Pali District of Rajasthan, India during the fruiting season of
2020–21. The climate of the site is semi-arid and subtropical with average annual rainfall
of 600 mm, whereas the annual temperature typically varies from 6.5 ◦C to 46 ◦C, and
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rarely goes below 5 ◦C or above 48 ◦C. Three-year-old red-fleshed dragon fruits, planted
on a single-pole system (four plants per pole) at 12′ × 8′ spacing, were undertaken as
an experimental field study. A cement concrete pole (6′ height, 5′′ thick) with a cement
concrete ring (2′ dia, 2.5′′ thick) with four holes fixed on top of the pole, was used as
the training system to support four dragon fruit plants. Flowering started at an age of
18 months after planting, and they bore flowers and fruits continuously for 4–5 months
in 4–6 cycles in the same season. Water was supplied through drip system in the ring
method, with four drips (4 lph) per pole and operated by a 3HP solar-pumping system.
Nutrients were mainly supplied only through organic sources, and there was farm yard
manure (FYM), goat manure, vermicompost and poultry manure for each pillar (4 plants)
in four split doses: 10 kg FYM during July, 2 kg vermicompost before flowering, 2.5 kg goat
manure and 2.5 kg poultry manure at the fruit set and finally, 5 kg FYM and 2 kg poultry
manure two months after fruit harvest. A total of 20 pillars with four plants per pillars
were randomly selected and around 80 fully opened flowers in single day were marked in
the middle part of the plants. The fruit samples from marked flowers were harvested at
six developmental stages at five day intervals: 20, 25, 30, 35, 40 and 45 days after anthesis
(DAA). Fruits were harvested in the morning and immediately brought to the Horticulture
Laboratory, ICAR-CAZRI, Jodhpur. After washing with tap water, fruit samples were
sanitised with sodium hypochlorite 200 mg L−1 for 15 min and dried in room conditions.
Physical parameters were recorded on the same day, and then fruit pulp was separated by
hand peeling. Fruit pulp was immediately frozen in liquid nitrogen then stored at −80 ◦C
for further phytochemical and mineral analysis.

2.2. Treatments and Experimental Design

The treatments were comprised of fruits collected at six developmental stages at five
days intervals: 20, 25, 30, 35, 40 and 45 days after anthesis (DAA) from 20 randomly selected
pillars in a completely randomised design with three replications. A few vines from all
sides of the plant were selected and then flowers were tagged with numbered metallic
labels on the day of anthesis. The fruits initially set were marked in each vine. The first
sample of the fruit was collected at 20 days after anthesis (DAA) and thereafter, samples
were collected at a five day interval until 45 DAA.

2.3. Measurement of Fruit Morphometric Quality

Fruit size was recorded using a digital vernier calliper, while the fruit weight, pulp
weight and peel weight were recorded using a top pan digital balance. The thickness of the
peel was recorded at three locations of a single fruit (on the top, mid, and bottom) using the
digital vernier calliper and the average of these was taken for further statistical analysis.

2.3.1. Fruit Firmness and Dry Matter Content

Fruit firmness was determined by a digital fruit hardness tester (FR-5120, Lutron
Electronic Enterprise Co., Ltd., Taipei, Taiwan). The fruits were punctured at two places
opposite to each other on a radial axis with a tip of 6 mm, while pulp firmness was
measured with a tip of 8 mm at three points, i.e., the centre and periphery of the pulp, and
the pressure required was expressed in kg cm−2. The edible portion of dragon fruit at each
stage of growth weighed together and then oven-dried at 65 ◦C, until a constant weight
was achieved. Dry matter content was calculated as a percentage of fresh weight (% FW).

2.3.2. Fruit and Pulp Colour Characteristics

The colour of the fruit and pulp during the different stages of fruit growth as well
as the post-harvest storage period at room conditions was measured using a colorimeter
(Model: WR-18, Make: FRU China) at the top, middle and bottom portion of the fruit
and the average colour was presented as per CIE L*a*b* colour space model. The colour

intensity, chroma (C), was further computed as C =

√(
a∗2 + b∗2

)
.
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2.4. Determination of Total Soluble Solids, Acidity and Vitamin C

Dragon fruit juice was collected from the pulp and the total soluble solids (TSS) was
measured by a digital hand-held refractometer (Model: Brix 54, Bellingham and Stanley,
Tunbridge Wells, UK), which was calibrated using distilled water; the Brix value was noted
in percentage at room temperature. The acidity of the fruit pulp was determined following
the titration method using phenolphthalein as an indicator and acidity was expressed in
percentage, as suggested by Ranganna [21]. The content of ascorbic acid was determined
by titrimetric method using 2,6-di-chlorophenol indophenol dye (DCPIP) [21]. A sample
of 10 g was blended with 4% (w/v) oxalic acid, made up to 100 mL, and filtered and
centrifuged at 10,600× g for ten minutes. An aliquat (5 mL) was titrated against standard
dye solution (2,6-DCPIP) to a pink endpoint. The procedure was repeated with a blank
solution omitting the sample. The ascorbic acid content was calculated using the following
formula and expressed as mg 100 g−1 of fresh fruit:

Ascorbic acid
(

mg 100 g−1 FW
)
=

Titre value × Dye factor × Volume make up × 100
Aliquot × wt. of sample

2.5. Determination of Bioactive Compounds and Radical Scavenging Activity

Freshly harvested red-fleshed dragon fruits (approx. 500 g) were cut into pieces to
separate the pulp. The pulp from each sample was pooled and mixed in a blender to obtain
paste for further analysis.

2.5.1. Protein Estimation

The total soluble protein in the pulp was determined by Bradford’s method [22]. A
total of 1 g of the fruit sample was mixed with 10 mL phosphate buffer (pH 7.4) with a
pestle and mortar. The mixture was centrifuged at 10,000 rpm for 10 min to obtain the
protein extract. BSA (bovine serum albumin) standards of different known concentrations
were prepared. Samples were prepared for protein analysis by adding 500 µL protein
extract to the mix of 500 µL double distilled water and 2 mL of Bradford’s reagent. One
blank was also prepared by adding 1 mL double distilled water to the 2 mL of Bradford’s
reagent. These were incubated at room temperature for 10 min. Absorbance was taken at
595 nm wavelength.

2.5.2. Total Soluble Sugars Estimation

The content of total soluble sugars was estimated by following the anthrone method [23].
Briefly, 1 g of fruit sample was boiled in 5 mL 2.5 N HCl for 3 h, cooled to room temperature
and then neutralised with solid sodium carbonate until the effervescence ceased. The final
volume was made up to 20 mL and 0.5 mL aliquot was taken in the test tube for analysis.
Distilled water was added in the test tubes to make up the volume to 1 mL, and 4 mL
anthrone reagent was added. The intensity of the colour formed after adding the anthrone
reagent was read at 620 nm and the concentration of total soluble sugars was computed
using the standard curve of glucose.

2.5.3. Estimation of Betalains

The content of betalains in the fruit samples was estimated by measuring the ab-
sorbance of the aqueous extract [3]. A total of 1 g of the fruit sample was dissolved in 10 mL
distilled water and then centrifuged. The supernatant obtained was diluted appropriately
and absorbance was measured at 538 nm using a spectrophotometer. The total betalain
content was computed as follows:

Total betalain content
(

mg betacyanin eq. 100 g−1 FW
)
=

A × MW × V × DF × 1000
E × L ×W

× 100
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where A = absorbance at 538 nm, MW = molecular weight of betacyanin (535), V = vol. of
extract (10 mL), DF = dilution factor, E = molar extinction coefficient of betacyanin (6000),
L = path length (1 cm), and W = wt. of sample (g).

2.5.4. Estimation of Total Phenol

The content of total phenol in fruit samples was determined by the Folin–Ciocalteu
(FC) assay [24]. A total of 1 g of the fruit sample was extracted with 10 mL of 80% ethanol in
pestle mortar, followed by centrifugation. The supernatant was separated and evaporated
under a vacuum. The dried samples were dissolved in 5 mL of distilled water. A 500 µL
aliquot was used and the intensity of the colour obtained with Folin–Ciocalteu’s phenol
reagent was measured at 650 nm. Total phenol was expressed as mg catechol per 100 g of
fruit sample.

2.5.5. Estimation of Total Flavonoids

Fruit sample (1 g) was homogenised in 10 mL of 80% methanol. A total of 500 µL of
aliquot was used for estimation by adding 100 µL of aluminium chloride (10%), 1.5 mL of
95% ethanol, 100 uL of potassium acetate (1 M), and 2.5 mL of distilled water. The samples
were incubated for 30 min at room temperature, and absorbance was read at 500 nm. The
content of the total flavonoid was expressed as mg quercetin per 100 g of sample.

2.5.6. Total Antioxidant Capacity (FRAP)

The FRAP (ferric reducing antioxidant power assay) procedure was followed for the total
antioxidant activity assay of dragon fruit samples, as described by Benzie and Strain [25]. Briefly,
1 g of the fruit sample was extracted with 10 mL of 80% ethanol by centrifugation at 10,000 rpm
for 10 min. FRAP reagent was prepared by mixing acetate buffer (300 mM, pH 3.6), TPTZ
(10 mM), and FeCl3 (20 mM) in 10:1:1 proportion. A 100 µL aliquot of the sample was reacted
with the FRAP reagent (3 mL) and incubated at 37 ◦C for 30 min. The absorbance was read at
595 nm. The values were expressed as the concentration of antioxidants having a ferric-reducing
ability equivalent (FRE) to that of 1 mmol L−1 FeSO4.

2.5.7. DPPH Radical Scavenging Activity

The free radical scavenging activity of the samples was determined by the DPPH
(1,1-diphenyl-2-picrylhydrazyl) assay [26]. A total of 1 g of the fruit sample was extracted
with 10 mL of ethanol (80%) and centrifuged at 10,000 rpm for 10 min. The supernatant
was removed and appropriately diluted for the DPPH analysis. A 2 mL of aliquot was
mixed with 2 mL of DPPH solution (0.1 mM in methanol). The sample was kept in the dark
for 30 min and absorbance was read at 517 nm.

2.6. Mineral Analysis

The dragon fruit samples were oven dried at 65 ◦C until the constant weight was
obtained. Dried fruit samples were then grounded in a Willy Mill. A diacid (HNO + HClO
in 9:4 ratio) mixture was used and analysed for phosphorus by the vanadomolybdo-
phosphoric acid yellow colour method [27]. Potassium content was determined by flame
photometry, as described by Chapman and Pratt [28], whereas calcium and magnesium
were determined using versene titration [29]. The concentration of micronutrients, namely
zinc and iron, in diacid-digested samples was determined by the atomic absorption apec-
trophotometer (GBC 932 AA).

2.7. Statistical Analysis

The experiment was carried out in a randomised block design considering the days
after anthesis (DAA) as the treatment, keeping three replications in each treatment. The
physical and chemical characteristics of the fruits were compared through an analysis of
variance (ANOVA), and polynomial regression analyses to determine the effect of the days
after anthesis (p < 0.05).
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3. Results
3.1. Morphometric Fruit Quality Attributes

The fruit growth (longitudinal and transverse diameter) of dragon fruit increased
significantly over the period, from a minimum of 185.4 g at 20 days and to a maximum of
428.0 g at 45 days after anthesis (Table 1). The pattern of the fruit growth confirms a single
sigmoid growth, as the initial growth rate was much faster and slower towards maturity.
The weight of the dragon fruit increased with fruit development from 20 to 45 days after
anthesis (DAA). It is apparent from data contained in Table 1 that the fruit gained mass
rapidly until 35 DAA, and thereafter the gains were nominal and nonsignificant. Similar
to the fruit weight, the pulp weight also increased significantly during the development
period, with a gain of 63.6 g to 298.3 g during the evaluation period. However, the gain was
at the maximum between a 25 to 35 day period. There was meagre difference between both
fruit and pulp weight during 40 and 45 DAA. Contrary to pulp content, a corresponding
decreasing trend was noted for peel content and peel thickness during fruit development.
As fruit development progresses towards maturity, the thickness of the peel decreases,
which exhibited a similar decreasing trend in peel content until 45 DAA. Fruit and pulp
firmness have important parameters with respect to product palatability and acceptability.
Softness of fruit and pulp, along with peel thickness, affect the eating quality and shelf life
after harvest. Unlike pulp firmness, the fruit firmness increased during the initial stage
of development up to 25 DAA and thereafter decreased consistently. It was noted that
at 40 days of evaluation both fruit and pulp firmness dropped considerably and the fruit
became much softer at 45 days.

Table 1. Changes in morphometric fruit quality attributes of red-fleshed dragon fruit during different
fruit developmental stages.

DAA
Longitudinal

Diameter
(mm)

Transverse
Fruit Diameter

(mm)

Fruit
Weight (g)

Pulp
Weight (g)

Peel
Content

(%)

Peel
Thickness

(mm)

Fruit
Firmness
(kg cm−2)

Pulp
Firmness
(kg cm−2)

20 82.7 c 62.7 c 185.4 c 63.6 de 62.6 a 7.83 a 3.42 b 2.47 a
25 87.6 c 75.0 b 219.6 c 103.7 d 52.7 b 7.40 a 3.87 a 1.38 b
30 90.5 bc 77.4 b 300.7 b 164.5 c 45.6 b 6.57 b 3.51 ab 1.25 b
35 98.2 ab 78.1 b 372.6 b 225.1 b 39.8 bc 5.02 c 2.90 c 0.61 c
40 106.3 a 80.1 ab 410.5 a 282.0 a 32.4 c 3.81 d 2.25 d 0.46 d
45 107.7 a 82.3 a 428.0 a 298.3 a 30.7 c 3.03 d 1.59 e 0.40 c

Different letters within the column for each parameter indicate significant differences among days after anthesis
(DAA) at p < 0.05, as per the LSD test.

3.2. Fruit and Pulp Colour Characteristics

Assessment of pulp colour parameters clearly illustrated that pigmentation started
at 25 DAA, which showed an increasing trend up to the end of evaluation (Table 2).
Interestingly, during the ripening process, as pulp colour became pigmented, the L* values
were decreased, while the a* values were increased. As the value a* refers to the green and
red colours, the higher the a* values, the redder the fruit. The maximum a* values were
recorded at the end of evaluation, but the highest relative change was noticed from 35 to
40 DAA, and during this period L* was lowest; the L* value reflects the clarity. Thus, the
decrease in the L* value together with the increase in a* value reflects the loss of the fruit
whiteness and progression of redness of the fruit pulp. The fruit pulp almost attained the
reddish colour from 35 days after anthesis with a* value of 34.0, though it increased further
to 58.97 at the end of the evaluation. Colour intensity, i.e., the chroma value, also followed
same trend (Table 2).
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Table 2. Changes in peel- and flesh-colour in red-fleshed dragon fruit during fruit developmen-
tal stages.

DAA
Fruit Colour Pulp Colour

L* a* b* C Value L* a* b* C Value

20 51.63 a −9.53 d 28.16 a 26.5 b 37.93 a 4.47 d 24.45 a 24.8 c
25 51.16 a −5.02 d 24.13 a 23.6 b 37.2 a 7.23 d 10.67 b 12.9 d
30 53.06 a 8.34 c 14.5 b 16.7 c 27.34 b 25.34 c −5.36 c 24.7 c
35 51.53 a 20.23 b 8.07 c 21.7 b 29.4 b 34.0 b −6.73 c 33.3 b
40 45.03 b 41.0 a 2.23 d 41.0 a 28.0 b 57.87 a −5.23 c 57.8 a
45 38.23 c 37.54 a 2.04 d 37.6 a 25.52 b 58.97 a −2.56 d 58.9 a

Different letters within the column for each parameter indicate significant differences among days after anthesis
(DAA) at p < 0.05, as per the LSD test.

Fruit skin colour is the principal attraction for the local and export market. The results
of this study revealed that the value L* in fruit skin demonstrated a slight rise until the third
stage of evaluation and, afterwards, demonstrated a fall up to 45 days (Table 2), whereas
the pigmentation in fruit skin began at 30 days and reached its maximum at 40 days and
then declined slightly. Considering coordinate a*, it is inferred that, until 25 days, the fruits
were almost green, whereas the colour transition from green to red was observed at 30 days
(a* 8.34); however, predominantly red skin occurred at 40 DAA (a* 41.0).

3.3. Bioactive Compounds and Radical Scavenging Activity

Figure 1A illustrates that total soluble solids (◦Brix) of fruit pulp increased steadily
with the progression of maturity (until 40 DAA), whereas it decreased towards the end
of evaluation (45 DAA). Ascending and adequate TSS of the fruit pulp was obtained at
35 DAA, which reached to its highest level at 40 DAA. The fruit demonstrated a continuous
and progressive decrease in acidity during the fruit developmental period. It dropped from
1.21% at the initial day of evaluation to 0.38% at final day of evaluation. In general, dragon
fruit contained lesser amounts of total sugar content than other commonly consumed
fruit. The total sugars in dragon fruit increased continuously from 4.10 (at 20 DAA) to
16.73 mg 100 g−1 (at 40 DAA) and then demonstrated a decreasing trend towards the
end of maturity. As shown in Figure 1C, the content of total sugar in the early period of
fruit development (20 DAA) was negligible, while from 30 to 40 DAA, the content of total
sugar increased rapidly and reached to its highest level (16.73 mg 100 g−1) at 40 DAA,
and afterwards it started decreasing (10.64 mg 100 g−1 at 45 DAA), while the total soluble
protein in red-fleshed dragon fruit was estimated to be at the maximum at the initial stage
(20 DAA) of evaluation and then dropped abruptly. During subsequent developmental
stages, the protein content did not follow any distinct trend. It fluctuated during the
subsequent fruit development stages and ranged from 0.261 at 40 DAA to 1.92 g 100 g−1

FW at 20 DAA.
The vitamin C content in pulp varied from 92.73 to 22.9 mg 100 g−1 FW during 20 to

45 DAA, which followed a decreasing trend—a linear pattern across the fruit developmental
stages. However, the rate of decrease was relatively slow until 35 DAA but it decreased
significantly afterwards with minimum content (22.9 mg 100 g−1 FW) at 45 DAA.

It is quite evident from Figure 1F that betalains significantly increased (p < 0.05) across
all the fruit development stages. At the initial stage of fruit development (20 DAA, at the
green stage), the content of betalains was not detected and it started increasing significantly
once pulp colour turning red; this demonstrated that betalains are associated with red
colouration. The contents of betalains increased linearly from 8.78 (at 25 DAA) to 17.08 mg
100 g−1 FW (at 45 DAA).
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The total phenols were also influenced significantly by developmental stages
(Figure 1G) and ranged from 72.69 (at 40 DAA) to a 114.8 mg catechin equivalent 100 g−1

FW (at 20 DAA). It was interesting to note that the total phenol content was highest at the
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initial stage of fruit development with a decreasing trend until 40 DAA, followed by a slight
upsurge at the end of evaluation (45 DAA). Similarly to total phenols, total flavonoids were
also recorded at the maximum at the initial stage of fruit development (20 DAA) followed
by a significant drop at 25 DAA with a slight fluctuation up to 40 DAA. At the end of the
evaluation, a decrease in the content of the total flavonoid was at the maximum compared
to previous stages.

An array of compounds presents the dragon fruit with antioxidant potential and the
nature of each compound signifies its potential, thus the total antioxidant capacity measured
by the FRAP method demonstrated variable trends during dragon fruit maturation. It is
quite evident from Figure 1I that the total antioxidant capacity in the red-fleshed dragon
fruit varied considerably with regard to the fruit developmental stages. It ranged from
673.0 (at 45 DAA) to 887.91 FRE 100 g−1 (at 35 DAA). It was noted that the total antioxidant
capacity increases and reached the maximum at 35 DAA, followed by a slight decrease
during the later stages of fruit development. Similarly, there was a rapid rise in free radical
scavenging activity from 20 DAA to 25 DAA and then stabilising to 35 DAA, followed by
sudden drop during the subsequent fruit developmental stages. Moreover, DPPH radical
scavenging activity ranged from 30.73% (at 20 DAA) to 74.32% (at 35 DAA).

3.4. Macro- and Micro-Mineral Content

Data contained in Table 3 demonstrated that dry matter content of red-flesh dragon
fruit pulp increased up to 35 DAA, and thereafter it started decreasing to 45 DAA of the
evaluation. However, the increase was insignificant between 25 DAA to 35 DAA, but was
estimated at its highest at 35 DAA. Mineral constituents in the red-fleshed dragon fruits
(100 g edible part, DW basis), at different developmental stages are given in Table 3. The
content of various minerals studied were influenced significantly by the developmental
stages of the dragon fruit. Irrespective of fruit developmental stages, the macro-mineral con-
tent in fruit was in the order of potassium > magnesium > calcium > phosphorus. Similarly,
among the micro-minerals, the iron content was higher than zinc. Moreover, the phospho-
rus content ranged from 0.114% (at 35 DAA) to 0.129% (at 45 DAA); there was rise from
20 DAA to 25 DAA, followed by a decrease up to 40 DAA, and a new increase at 45 DAA.
Whereas, potassium content increased up to 35 DAA with a maximum value (0.814%)
and thereafter decreased gradually. Calcium content ranged from 0.128% (at 20 DAA) to
0.148% (at 35 DAA). Calcium content also followed an increasing trend up to 35 DAA and
thereafter had an insignificant decrease in subsequent fruit developmental stages. The
magnesium content in dragon fruit pulp increased with fruit development process from 20
to 45 DAA, and ranged from 0.148% (at 20 DAA) to 0.172% (at 45 DAA). Both iron and zinc
increased up to 35 DAA, followed by slight decrease in subsequent developmental stages,
but the decrease was insignificant. Iron content ranged from 49.55 mg 100 g−1 (at 20 DAA)
to 64.85 mg 100 g−1 (at 35 DAA), whereas the zinc content ranged from 11.4 mg 100 g−1 (at
20 DAA) to 15.7 mg 100 g−1 (at 30 DAA).

Table 3. Changes in mineral content in red-fleshed dragon fruits during different fruit developmen-
tal stages.

DAA
Dry Matter

Content
P K Ca Mg Fe Zn

g 100 g−1 DW mg 100 g−1 DW

20 17.83 c 0.124 a 0.681 c 0.128 b 0.148 b 49.55 b 11.4 b
25 18.29 b 0.127 a 0.714 c 0.132 b 0.154 b 60.90 a 14.6 a
30 18.90 b 0.116 b 0.760 b 0.143 a 0.159 b 62.15 a 15.7 a
35 19.24 a 0.114 b 0.814 a 0.148 a 0.167 a 64.85 a 15.1 a
40 18.87 b 0.118 b 0.803 a 0.145 a 0.164 a 60.30 a 14.9 a
45 18.67 b 0.129 a 0.797 a 0.143 a 0.172 a 59.60 a 14.7 a

Different letters within the column for each parameter indicate significant differences among DAA at p < 0.05, as
per the LSD test.
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4. Discussion

Owing to the nutrient richness and presence of a wide range of bioactive compounds,
dragon fruit is regarded as a health protective fruit [3]. It also contains various vitamins,
minerals and dietary fibre in significant amounts [14,30]. Reports suggest that the con-
sumption of dragon fruit as a part of the regular diet could help in providing several
health-promoting biological activities, which may prevent chronic diseases [5,18,31]. How-
ever, these biochemical and mineral constituents may vary considerably during different
stages of fruit growth and development. In addition, environmental conditions at the micro
level may also influence the content of these compounds. The present investigation was
carried out for the comprehensive understanding of phytochemicals, macro- and micro-
mineral content, and antioxidant activities during different developmental stages of fruit
growth in an Indian semi-arid climate, and the results obtained are discussed here in detail.

The present findings on trends of fruit size is corroborated with those by Jamaludin
et al. [32] and Magalhaes et al. [18], who also reported an increasing trend in fruit size up to
35 days with a slight decline during the latter stages of fruit development. The result of the
present study on fruit and pulp weight gain is in agreement with the fact that fruit weight
increases mainly during the fruit growth stage, until it reaches physiological maturity [32].
Faster rates of increase in size and weight during the initial fruit developmental stages
were likely resulted by the rapid cell differentiation/enlargement, initially followed by
their slow rate [33]. Chitarra and Chittarra [34] stated that the gain in fruit weight is mainly
due to the development and maturation, such as the accumulation of water content, sugars
and other solutes, and maturation at a specific stage of development. The loss in mass
gain indicates the beginning of a degradation process, such as senescence, with a loss in
quality, water loss, dehydration, and drying of bract or scale [35,36]. The results of the
present study on fruit size, weight, and pulp content are consistent with the previous study
on dragon fruit [18,32]. As fruit development progresses towards maturity, the thickness
of the peel decreased significantly; this resulted substantially on the peel content, as the
values of both decreased drastically to nearly 50% of their initial value at the end of the
evaluation. Peel content and peel thickness play important roles in post-harvest quality
and shelf life, as they protect mainly against water loss and biological damages. The results
of the present study are in agreement to the previous studies on dragon fruit [35]. Initially,
fruit firmness increased up to 25 DAA and thereafter decreased consistently, while pulp
firmness decreased from the initial stage of fruit development to 45 DAA. Firmness is an
important fruit quality characteristic. The reduction in flesh firmness is associated with
the cell wall degradation caused by the action of hydrolytic enzymes [37]. Furthermore,
the degradation of cell wall components, mainly cellulose and hemicellulose, and the
decomposition of pectin components are major factors responsible for the softening of fruit
skin and pulp [38].

As shown in Table 2, it is clearly noted that colour changes of both peel and pulp
were not synchronised; the change in red colour of the pulp appeared earlier than the
peel, as also reported by Phebe et al. [18] and Malhghgde et al. [18]. Value a* represents
redness inferring that until 25 DAA, the fruit skin was predominantly green and the colour
transition from green to red was observed at 30 DAA; whereas, the red pigmentation in
pulp started during this period with the highest perceptible change at 30 DAA. During this
period, L* was lower in pulp. The numerous seeds embedded in the pulp may partially
contribute to appearing a darker colour (lower L*) of pulp [39]. There was a clear decrease
in b* values with fruit development, which is in agreement with previous studies [40,41]
that concluded that this decrease is related to the degradation of peel pigments, such as
chlorophyll and carotenoids, throughout maturation.

Total soluble solids were a main eating quality of fruits ascending and adequately
obtained at 35 DAA with slight decline at 45 DAA in the present study. The increase
in the content of soluble solids is a good indicator of maturation and taste of fruits [36].
The increase in TSS content at proper maturation is possibly due to starch degradation
and quick metabolic transformation in soluble compounds, mainly sugars [33]. The fruit
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demonstrated continuous and progressive decrease in acidity from 1.21% at 20 DAA to
0.38% at 45 DAA. Arevalo-Galaraza and Ortiz Hernandez [42] proposed that the higher
content of acidity in initial stages demonstrates the beginning of maturation, whereas
Chitarra and Chitarra [34] reported that during the maturation process organic acids
become decreased because of their utilisation as a substrate during respiration or their
conversion into sugars. Similar findings are reported by Magalhaes et al. [18] and Ivan
et al. [35] in dragon fruit, Deka et al. [43] in khasi mandarin, and Kishore et al. [44] and
Patel et al. [33] in passion fruit. The content of total sugar in the early period of fruit
development (20 DAA) was negligible, while from 30 to 40 DAA, the content of total sugar
increased rapidly and reached its highest level (16.73 mg 100 g−1) at 40 DAA, then it started
decreasing and reached to 10.64 mg 100 g−1 at 45 DAA of evaluation. This rapid increase in
sugar content during later fruit developmental stages is believed to occur due to hydrolysis
of starch into simple sugars and also the conversion of acids into sugar [45]. The increase
in total sugar content during fruit maturity is also depending on sucrose accumulation [46].
The increased TSS might have also caused an increase of total sugar. The ratio of acidity and
sugars are the main attributes responsible for fruit taste, representing the balance between
a sweet and sour taste [33].

Vitamin C is another crucial component of the nutritional quality assessment of
fruits [47]. In present study, the vitamin C content followed a decreasing trend in a lin-
ear pattern across the fruit developmental stages. However, the rate of decrease was
relatively slow until 35 DAA. An adequate supply of hexose sugars in photosynthetic
activity might explain the higher availability of ascorbic acid during the initial fruit growth
stage, while enzymatic oxidation of the L-ascorbic acid to dehydro-ascorbic acid during
the metabolic process explains the reduction in ascorbic acid content at later stages [48].
Moreover, growing conditions, agro-climatic conditions, orchard management, matura-
tion stage, and post-harvest handling may also strongly influence vitamin C content in
fruits [49]. Reduction in vitamin C content at a later stage of fruit development in other
fruits were also reported by various workers in peach [50], banana, mango, papaya [51],
khasi mandarin [43], passionfruit [33,44], and strawberry [52].

Currently, red-fleshed dragon fruit are in high demand because of the health benefits
of betalain, a plant-derived natural pigment [53,54]. This can be extracted and stabilised
easily for use as a natural food colorant [55]. Result demonstrated that betalians was not
detected at initial stage of development (20 DAA) but started increasing significantly once
the pulp colour turned red at 25 DAA and then increased linearly up to 45 DAA. The pattern
of betalain content demonstrated that it is associated with red pigmentation in dragon
fruit. Chemically betacyanin and betaxanthins constitute betalains, in which betacyanin
is responsible for red-violet colour and betaxanthins for yellow colour [55,56]. The red-
purple colour of dragon fruit flesh is mainly due to the presence of betacyanins, which
have a higher antioxidant activity than betaxanthins [11,56–58]. The results of the present
study of the increasing trends of betalains throughout the development period, except the
green pulp stage, was also reported in a previous study by various workers [5,35,58,59].
As shown in Figure 1G, the total phenol content was highest at the initial stage of fruit
development with a decreasing trend to 40 DAA, followed by slight upsurge at the end
of evaluation 45 DAA. A rapid increase in phenol content during the green stage was
probably due initially to the increase of its biosynthesis but the decrease in the later stage
was due to the increase in the activity of polyphenol oxidase [60] vis-à-vis a conversion of
soluble phenolics into insoluble phenolics [61]. Variable results on total phenolics during
fruit maturation in dragon fruit and other fruits were reported in previous studies. These
variations might have occurred due to various factors, such as cultivars, maturation stage,
soil and climatic conditions, management practices, and extraction conditions [16,17,62].

Antioxidants measured by the FRAP method in the present study demonstrated
increasing trends during fruit growth and development and reached their maximum
at 35 DAA, thereafter decreasing slightly during the later stages of fruit development.
Similarly, there was a rapid rise in free radical scavenging activity from 20 DAA to 25 DAA,
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which stabilised to 35 DAA and was followed by a sudden drop during subsequent fruit
developmental stages. The trend was in line with the pattern noted for total phenolic
content, total flavonoides content, vitamin C, and betalains, signifying a positive role in
the total antioxidant capacity. The surge in antioxidant capacity during the intense colour
development stage might be attributed to an increase concentration of betalains, as well
as a reasonable quantity of vitamin C [63] and other phytochemicals, especially phenolic
compounds [57,63]. This might be the reason that different stages of fruit development did
not show any definite pattern on the total antioxidant activity.

The mineral content in red-fleshed dragon fruit pulp during fruit developmental
periods was scarcely studied. In this study, we report an increasing trend in all the stud-
ied minerals for 35 days followed by slight decrease, except phosphorus content, which
increased until the last stage of the evaluation. These results demonstrate that red-fleshed
dragon fruit has significant levels of important minerals for the human diet. Besides, macro-
and micro-minerals play important roles in the development of fruit properties, such
as colour characteristics, aroma, shape, size, appearance, resistance to biotic and abiotic
incidence, physiological disorders, biochemical characteristics, and post-harvest life [35].

5. Conclusions

Physicochemical characteristics, such as fruit size, fruit and pulp weight gain, peel
thickness, fruit firmness, TSS, sugars, acidity, and soluble proteins, recorded their optimum
level at 35 DAA. The colour changes of both peel and pulp were not synchronised, and the
change in red colour in pulp appeared earlier than the peel. As maturity stages progressed
from 25 to 35 DAA, the peel colour of dragon fruit turned from green to red (L* 51.5;
a* 20.23), while pulp colour changed from creamy white to red (L* 29.4; a* 34.0). The
main eating quality characteristics, such as the total soluble solids (15.5 ◦Brix) and total
sugars (16.73%) of the fruit, obtained the highest level at 40 DAA. The results of the
present study demonstrate that red-fleshed dragon fruit has significant levels of betalains
(13.01 mg 100 g−1 FW), vitamin C (54.2 mg 100 g−1 FW), total phenolic content (82.11 mg
catechin equivalent 100 g−1), total flavonoids (85.57 mg quercetin equivalent 100 g−1),
and total antioxidant capacity (887.91 FRE 100 g−1) with free radical scavenging (70.11%)
between 35 and 40 DAA. Similarly, important mineral content also followed an increasing
trend for 35 days, followed by a slight decrease, except the phosphorus content, which
increased until the last stage of the evaluation. It is concluded that for maximum food
value and improved post-harvest handling, the fruit of the red-fleshed dragon fruit may be
harvested between 35 and 40 days after anthesis.
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