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A B S T R A C T   

Red-fleshed dragon fruit (Hylocereus polyrhizus) is a promising food with a functional appeal. This study inves
tigated the changes in the bioactive compounds and antioxidant activity of the red-fleshed dragon fruit at eight 
development stages. In general, the levels of total phenolic compounds tested using Folin-Ciocalteu, and Fast 
Blue BB reagents, betacyanin, betaxanthin, anthocyanins, and antioxidant activity by TEAC, FRAP, and ß- 
carotene bleaching increased over the fruit development stages, whereas vitamin C content significantly 
decreased. Six phenolic compounds were identified, including catechin, vanillin, gallic acid, caffeic acid, 
chlorogenic acid, and ferulic acid. Catechin was the majority compound, followed by vanillin. All these com
pounds decreased during fruit development; chlorogenic and ferulic acids were only detected 30 days after 
anthesis. Based on the results, the suitable harvest period of red-fleshed dragon fruit is between 36 and 38 days 
after anthesis.   

1. Introduction 

In light of significant global population growth and the consumer’s 
awareness of the health-promoting effects of fruits, the demand for 
antioxidant-rich fruits has been remarkably increased in domestic and 
international markets (Arivalagan et al., 2021; Molla et al., 2021). 
Popularly known as pitaya or pitahaya, the red-fleshed dragon fruit 
(Hylocereus polyrhizus), a member of the Cactaceae family, is a 
non-climacteric exotic fruit species native to central Mexico and South 
America (Jiang et al., 2020). Over the last years, the cultivation and 
consumption of the red-fleshed dragon fruit have increased in many 
tropical and sub-tropical regions of the world, including Brazil, owing to 
its unique flavor, pleasant taste, exotic appearance, promising nutri
tional and functional properties (Magalhães et al., 2019; Thaiudom 
et al., 2021). It provides a broad spectrum of vitamins, lycopene, min
erals, and carbohydrates, particularly reducing sugars, including glucose 
and fructose (Joshi and Prabhakar, 2020; Le Bellec et al., 2006). The 
functional appeal of the red-fleshed dragon fruit has been attributed to 
the presence of soluble and insoluble fiber and several phytochemicals, 
including carotenoids, phenolic compounds, and the purple-red pig
ments, betalains, present in the peel and also in the pulp, which are 

considered to play an essential rule in antioxidant activity (Choo and 
Yong, 2011; Fathordoobady et al., 2016; Leong et al., 2018). In previous 
in vitro and in vivo studies, these phytochemicals from Hylocereus poly
rhizus extracts (pulp and peel) demonstrated a wide range of biological 
properties such as anti-inflammatory, anti-spasmodic, radioprotective 
(Kaur et al., 2018), antioxidant, antimicrobial, anti-cancer, and 
anti-diabetic activities (Joshi and Prabhakar, 2020). Besides, a recent 
study conducted by Ravichandran et al. (2021), highlighted Hylocereus 
polyrhizus as a promising natural source of anti-glycation and antioxi
dant compounds that may have the potential of reducing the risk of 
glycation associated with diabetic and aging disorders. A previous study 
of our group (Magalhães et al., 2019) reported significant physico
chemical changes in the red-fleshed dragon fruit during its development, 
such as an increase in soluble solids, pH, diameter, and mass, as well as a 
decrease in firmness, skin thickness, and acidity. Although the chemical 
composition and the functional potential of Hylocereus polyrhizus have 
been extensively studied with ripe fruits (Al-Mekhlafi et al., 2021; 
Fathordoobady et al., 2021; Ho et al., 2020; Madane et al., 2020; Rav
ichandran et al., 2021), studies focusing on the changes in the bioactive 
compounds of Hylocereus polyrhizus during development are still lack
ing. Several authors emphasized that the biosynthesis, contents, and the 
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bioactivities of the bioactive compounds might be influenced by various 
factors, such as locations, agricultural practices, rainfall, air tempera
ture, species, soil characteristics, edaphoclimatic conditions, plant tis
sues, cultivar, and developmental stages (Gominho et al., 2018; Li et al., 
2020; Zayed et al., 2020; Zuo et al., 2012). Despite the existence of many 
factors that influence the profile of bioactive compounds of fruits, a 
deeper understanding of the changes in these compounds during the 
development of the red-fleshed dragon fruit may be essential to deter
mine the best moment for harvesting and consumption of high-quality 
red-fleshed dragon fruit with good nutritional value and the highest 
functional appeal. Therefore, this study aimed to evaluate the bioactive 
compounds of the red-fleshed dragon fruit at different development 
stages to provide more details about the most suitable harvest period. 

2. Material and methods 

2.1. Fruit material and experimental site 

Field research was carried out in an experimental orchard at Federal 
University of Lavras (UFLA), Lavras, Minas Gerais, Brazil (21◦ 14′ 06′ ′ S 
45◦ 00′ 00′ ′ W; 918 m of altitude) between March and April 2016. The 
climate is high altitude subtropical with dry winters and rainy summers. 
The total precipitation during the evaluation period was 140 mm, 
whereas the mean values for maximum and minimum temperature were 
about 28.2 and 16.3 ◦C, respectively. The red-fleshed dragon fruit 
samples were obtained as detailed in a previous study of our group 
(Magalhães et al., 2019). A total of 60 red-fleshed dragonfruits (Hylo
cereus polyrhizus) from plants two -years old, selected based on visual 
uniformity of fully opened flowers in the middle part, were marked in a 
single day at flowering time. The fruit samples from marked in
florescences were harvested at eight development stages: 28, 30, 32, 34, 
36, 38, 40, and 42 days after anthesis (DAA) as shown in Fig. 1 The fruits 
were collected in the morning and immediately transported to the 
Laboratory of Fruit and Vegetables, Department of Food Science, Federal 
University of Lavras. Afterward, the samples were washed with potable 
tap water, sanitized with sodium hypochlorite 200 mg/L for 15 min, 
wiped dry with a paper towel, and manually peeled. After peeling, the 
fruit pulp was frozen in liquid nitrogen and stored at − 80 ◦C until the 
analysis. 

2.2. Treatments and experimental design 

The treatments consisted of red-fleshed dragon fruits collected at 
eight different development stages (28, 30, 32, 34, 36, 38, 40, and 42 
DAA) arranged in a completely randomized design with three repeti
tions. Each experimental plot consisted of three fruits. 

2.3. Chemicals and reagents 

Folin-Ciocalteu reagent, Fast Blue BB reagent, 6‑hydroxy-2,5,7,8- 
tetramethylchroman-2-carboxylic acid (Trolox), potassium persulfate, 
2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 2,4,6-tri 
(2-pyridyl)-striazine (TPTZ), iron (III) chloride hexahydrate, sodium 
acetate trihydrate (C2H3NaO2⋅3H2O), iron (II) sulfate heptahydrate 
(FeSO4⋅7H2O), linoleic acid, trans-β-carotene, Tween 40 emulsifier, 
chloroform, methanol (HPLC grade), commercial phenolic standards of 
gallic acid, catechin, chlorogenic acid, caffeic acid, vanillin, p-coumaric 
acid, quercetin, and trans-cinnamic acid were obtained from Sigma- 
Aldrich (St. Louis, MO, USA); o-coumaric acid, ferulic acid, m-couma
ric acid, and rutin were purchased from Fluka Chemie (Steinheim, 
Germany). Ascorbic acid, oxalic acid, gallic acid, acetone, methanol, 
ethanol, sodium carbonate (Na2CO3), sodium hydroxide (NaOH), glacial 
acetic acid, and hydrochloric acid were purchased from Êxodo (Brazil). 
All chemicals and reagents were of analytical grade, and the ultra-pure 
water was obtained from a Milli-Q system (Millipore, Bedford, MA, 
USA). 

2.4. Extraction and determination of vitamin C content 

The content of vitamin C, known as the sum of ascorbic acid (AA) and 
dehydroascorbic acid (DHA), was determined by the colorimetric 
method established by Strohecker et al. (1967). For extraction, 5 g of 
red-fleshed dragon fruit pulp were mixed with 45 mL oxalic acid (5%, 
w/v) and 0.1 g of Kiesselgur; the mixture was kept under mechanical 
agitation 5 min. Subsequently, the extract was filtered using filter paper 
with 14 µm porosity, and the vitamin C was measured at 520 using a 
UV/Vis Spectrophotometer (Varian, Cary 50 Probe); the results were 
reported as milligrams of ascorbic acid per 100 g of fresh mass (mg 
AA/100 g FM). 

2.5. Extraction of phenolic compounds 

Total phenolic compounds and antioxidant activity were measured 
in extracts obtained according to the methodology described by Gon
çalves et al. (2019), with minor modifications. Briefly, 2.5 g of each 
sample were extracted with 10 mL aqueous methanol (50%, v/v), and 
immediately sonicated in an ultrasonic bath for 30 min. Subsequently, 
they were centrifuged at 25,400 × g for 15 min under 4 ◦C, and the 
supernatant was collected. The residue was re-extracted with an addi
tional 10 mL of aqueous acetone (70%, v/v) under the same conditions. 
The two obtained supernatants were combined and filtered through 
filter paper with 14 µm porosity and stored at − 80 ◦C until analysis. 

Fig. 1. Image of red-fleshed dragon fruit at eight different development stages. DAA: Days after anthesis.  
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2.6. Determination of total phenolic content (TPC) 

The total phenolic content (TPC) of extracts was evaluated by Folin- 
Ciocalteu (Pinto et al., 2021) and Fast Blue BB (FBBB) (Medina, 2011) 
colorimetric methods, with some modifications. For Folin-Ciocalteu, 30 
µL of extract was mixed with 150 µL of Folin-Ciocalteu reagent (10%, 
v/v) and 120 µL of sodium carbonate (4%, w/v). The absorbance was 
read at 720 nm after incubation in darkness for 2 h. For Fast Blue BB, 
200 µL of the extract was mixed with 20 µL of Fast Blue BB reagent 
(0.1%, v/v) and 20 µL of sodium hydroxide (5%, w/v), and the absor
bance was measured at 420 nm after 1.5 h of incubation in darkness. All 
measurements were carried out in triplicate, using a 96-well microplate 
reader (Biochrom EZ Read 2000). The results were reported as milligram 
gallic acid equivalents per 100 g of fresh weight of the sample (mg 
GAE/100 g FM). 

2.7. Determination of antioxidant activity 

2.7.1. Ferric-reducing antioxidant power (FRAP) 
The ferric reducing antioxidant power (FRAP) of extracts was 

determined based on the reduction of a ferric complex (Fe3+-TPTZ) to 
the ferrous form (Fe2+-TPTZ) in the presence of antioxidants, according 
to the method described by Pulido et al. (2000), with minor modifica
tions. FRAP reagent was prepared by mixing 40 mM TPTZ (diluted in 40 
mM HCl), 300 mM of acetate buffer (pH 3.6), and 20 mM of FeCl3 in a 
ratio of 10:1:1 (v/v/v). An aliquot (9 µL) of the extract was mixed with 
269 µL of FRAP reagent and 27 µL distilled water in a 96-well micro
plate, and the mixture was incubated at 37 ◦C for 30 min. The absor
bance was assessed at 595 nm using a microplate reader (Biochrom EZ 
Read 2000). For calibration, a five-point standard curve (0––2000 uM) 
was prepared using ferrous sulfate (FeSO4•7H2O) as the reference, and 
the results were reported as µM ferrous sulfate per gram of fresh mass 
(μM FeSO4/g FM). 

2.7.2. Trolox equivalent antioxidant capacity (TEAC) 
The Trolox equivalent antioxidant capacity (TEAC) was determined 

based on the reduction of ABTS◦+ by antioxidants as reported by Re 
et al. (1999), with slight modifications. The working solution of ABTS◦+

was generated by reacting 5 mL of ABTS solution (7 mM) with 88 µL of 
K2S2O8 solution (2.45 mM) for 16 h at room temperature in darkness. 
Before analysis, the resulted stock solution (ABTS◦+) was diluted with 
ethanol to an absorbance of 0.70 ± 0.05 at 734 nm using a microplate 
reader (Biochrom EZ Read 2000). The extracts (3 µL) were mixed with 
297 µL of ABTS◦+ diluted solution, and after six minutes, the absorbance 
was read at 734 nm using the microplate reader. A five-point standard 
curve (100–2000 µM) was built using Trolox as the reference standard, 
and the results were expressed as µM Trolox Equivalent per gram of fresh 
mass (µM TE/g FM). 

2.7.3. β-carotene bleaching activity 
The β-carotene bleaching activity was performed using the previous 

method with some modifications (Kassim et al., 2013). This method is 
based on the ability of antioxidants to inhibit the β-carotene discolor
ation induced by the conjugated diene hydroperoxides originated from 
the oxidative degradation of linoleic acid (Bouaziz et al., 2015). In brief, 
50 µL β-carotene solution (1 mg/mL in chloroform) was mixed with 40 
µL linoleic acid and 530 µL Tween 40. After the chloroform has been 
wholly evaporated at 40 ◦C using a vacuum pump, distilled aerated 
water was added with vigorous shaking to form an emulsion. The 
absorbance was immediately adjusted to values between 0.6 and 0.70 at 
470 nm using a microplate reader (Biochrom EZ Read 2000). An aliquot 
of 270 µL from the emulsion was mixed with 20 µL of extracts in the 
96-well microplate followed by incubation at 40 ◦C in a water bath, for 
2 h in darkness. The absorbance was read at 470 nm using a microplate 
reader at zero time and after 2 h of incubation. The antioxidant activity 
expressed as a percentage of oxidation inhibition (OI) was determined 

according to the formula reported below: 

OI(%) = 1 − [(Abst=0 − Abst=2) / (Absc=0 − Absc=2)] x 100 (1)  

Where Abst=0 and Abst=2 is the absorbance of the test samples read at 
0 and 2 h, respectively; Absc=0 and Absc=2 is the absorbance of the 
control (ß-carotene emulsion and water) read at 0 and 2 h, respectively. 

2.8. Individual phenolic compounds by HPLC-DAD 

2.8.1. Extraction 
The individual phenolic compounds were extracted according to the 

method described by Ramaiya et al. (2013), with slight modifications. 
Briefly, 2.5 g of the sample were extracted with 20 mL aqueous methanol 
HPLC grade (70%, v/v) followed by sonication in an ultrasonic for 1 h at 
room temperature. Then the extracts were centrifuged at 8.832 × g for 
15 min at 4 ◦C, filtered (14 µm), and stored at − 80 ◦C until HPLC 
analysis. 

2.8.2. Identification and quantification 
The identification of the individual phenolic compounds was carried 

out using HPLC-DAD/UV–Vis (Shimadzu Corporation, Kyoto, Japan) 
consisting of a quaternary pump (LC-20AT) coupled to a DAD detector 
(SPD-M20A), a vacuum degasser (DGU-20A5), a column oven (CTO- 
20AC), and an auto-sampler (SIL-20A). The phenolic compounds were 
separated using Shimadzu Shim-pack ODS GVP (4.6 × 250 mm) C18 
column coupled to a Shimadzu-pack ODS GVP (4.6 × 10 mm, 5 µm) C18 
guard column under the same conditions described by Gonçalves et al. 
(2019). The mobile phases were composed of 2% acetic acid (v/v, sol
vent A) and 70:28:2 methanol/water/acetic acid (v/v/v, solvent B). The 
flow rate was 1.0 mL min− 1 with a gradient elution program and run 
time of 60 min. The injection volume was 20 µL, and the phenolic 
compounds were detected at 280 nm. Before injection, all samples were 
filtered (0.45 µm), and the analysis was carried out in triplicate at 15 ◦C. 
Phenolic compounds were identified according to their retention times, 
UV–Vis absorptive spectra, comparing with authentic standards. The 
results were reported as milligram per 100 g of fresh mass (mg/100g 
FM). 

2.9. Extraction and determination of betalains 

Extraction and determination of betalains contents were performed 
according to a previous method by Qingzhu et al. (2016), with slight 
modifications. In brief, 0.5 g of fresh red-fleshed dragon fruit pulp pre
viously ground in liquid nitrogen was first mixed with 5 mL aqueous 
methanol (80%, v/v) followed by an ultrasound extraction for 10 min at 
room temperature. Subsequently, after 20 min of stirring in darkness at 
room temperature, the extracts were filtered (14 µm), and the residues 
were re-extracted one more time under the same conditions described 
above. The two extracts were combined, and the analysis was performed 
in triplicate using a microplate reader (Biochrom EZ Read 2000). 
Betacyanin and betaxanthin contents were calculated according to the 
formulas given below: 

Betacyanin (mg / 100 g) = (A538 x DF x MM x V x 100)/(ε x P x l) (2)  

Betaxanthin (mg / 100 g) = (A483 x DF x MM x V x 100)/(ε x P x l) (3)  

Where A538 is absorbance for betacyanin at 538 nm; A483 is absorbance 
for betaxanthins; DF is a dilution factor; MM is the molecular mass (550 
g/mol for betanin and 308 g/mol for indicaxanthin); V is the pigment 
solution volume (mL); Ɛ is the molar extinction coefficient (60,000 L/ 
mol.cm for betanin and 48,000 L/mol.cm for indicaxanthin), and l is the 
length of the cell (1 cm); P is the fresh pigment mass (g). 
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2.10. Extraction and determination of total anthocyanins 

Total anthocyanins contents were extracted and measured using the 
method described by Fuleki and Francis (1968), with slight modifica
tions. 5 g fresh of red-fleshed dragon fruit pulp was mixed with 25 mL of 
hydrochloric-acidified (0.1%, v/v) ethanol, vortexed, and incubated for 
1 h at room temperature in darkness. Then, the extract was filtered 
through Whatman filter paper No.4, and the final volume was adjusted 
to 50 mL with hydrochloric-acidified (0.1%, v/v) ethanol. The analyzes 
were carried out in triplicate, and the absorbance was measured at 535 
nm using a microplate reader (Biochrom EZ Read 2000). The total 
anthocyanin content (AC) was expressed as milligrams of 
cyanidin-3-glucoside equivalents per 100 g of sample, according to the 
formula given below: 

AC(mg / 100g) = [(A x MM x DF) / (ε x l)] x 100 (4)  

Where A is the absorbance; MM is the molecular weight of cyanidin-3- 
glucose (449.2 g/mol); DF is the dilution factor; Ɛ is the molar absorp
tivity (26,900 L.mol− 1), and l is the length of the cell (1 cm). 

2.11. Statistical analysis 

The significant differences between treatments (fruit age) were 
analyzed by one-way analysis of Variance (ANOVA) using the Sisvar 
software (Ferreira, 2011), followed by polynomial regression analysis 
for predicting the suitable model by the F-test. The principal component 
analysis (PCA) was carried out using Minitab 18 software. The statistical 

significance level was fixed at 5% (p < 0.05). 

3. Results 

3.1. Changes in vitamin C and total phenolic content (TPC) 

As depicted in Fig. 2A–C, the effect of developmental stages on 
vitamin C and TPC was significant (p < 0.05). The vitamin C content of 
red-fleshed dragonfruit significantly decreased in a linear pattern over 
the developmental stages, varying from 84.07 to 18.92 mg/100 g FM 
between 28 and 42 days after anthesis (DAA). On the contrary, the TPC, 
in general, increased from 377.59 mg GAE/100 g FM at 28 DAA to 
434.26 GAE/100 g FM at 42 DAA (Folin-Ciocalteu assay) and from 
234.85 mg GAE/100 g FM at 28 DAA to 385.31GAE/100 g FM at 42 DAA 
(Fast Blue BB assay). 

3.2. Changes in individual phenolic compounds 

As shown in Table 1, developmental stages significantly influenced 
the individual phenolic compounds (p < 0.05). It is important to note 
that the individual phenolic compounds in this study were evaluated 
from 30 DAA to 42 DAA. Among eleven phenolic compounds assessed, a 
total of six, namely, catechin, vanillin, gallic acid, caffeic acid, chloro
genic acid, and ferulic acid, were detected in red-fleshed dragonfruit, 
among which catechin was the predominant phenolic compound found 
during the entire development period and ranged from 11.92 ± 0.19 
mg/100 g FM at 30 DAA to 8.31 ± 0.12 mg/100 g FM at 42 DAA. The 

Fig. 2. Changes in (A) vitamin C, (B) TPC-FC, (C) TPC-FBBB, (D) TEAC, (E) FRAP, and (F) β-carotene bleaching activity in red-fleshed dragon fruit during fruit 
development. Note: TPC-FC: total phenolic compounds measured by Folin-Ciocalteau; TEAC: Trolox equivalent antioxidant capacity; FRAP: ferric-reducing anti
oxidant power; TPC-FBBB: total phenolic compounds measured by Fast Blue BB. 
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catechin levels decreased significantly from 30 DAA to 34 DAA, followed 
by an increase up to 40 DAA and then decreased to the last evaluation 
stage. Vanillin was the second most dominant phenolic compound, 
which ranged from 1.12 ± 0.46 mg/100 g FM at 30 DAA to 0.11 ± 0.01 
mg/100 g FM at 42 DAA with an increase until 32 DAA and then slightly 
fluctuated during the subsequent fruit development stages. The contents 
of gallic and caffeic acids decreased from 0.80 ± 0.15 and 0.56 ± 0.14 
mg/100 g FM at 30 DAA to 0.03 ± 0.03 and 0.06 ± 0.00 mg/100 g FM at 
40 DAA, respectively, and were not detected at 42 DAA. On the other 
hand, chlorogenic and ferulic acids were only detected at 30 DAA, and 
their contents were 0.88 ± 0.31 and 0.50 ± 0.03 mg/100 g FM, 
respectively. 

3.3. Changes in anthocyanins and betalains 

As shown in Fig. 3A–C, anthocyanins and betalains (betacyanins and 
betaxanthins) significantly increased (p < 0.05) during the entire period 
of development, respectively. The contents of anthocyanins increased 
from 0.23 mg cy-3-glu/100 g FM at 28 DAA to 16.94 mg cy-3-glu/100 g 
FM at 42 DAA. On the other hand, the contents of the two groups of 
betalains (betacyanins and betaxanthins) increased linearly from 7.09 
mg/100 g FM at 28 DAA to 250 mg/100 g FM and 4.24 mg/100 g FM at 
28 DAA to 59.87 mg/100 g FM at 42 DAA, respectively. 

3.4. Changes in antioxidant activity 

The antioxidant activity was measured by three methods (TEAC, 
FRAP, and ß-carotene bleaching). Despite the performed method, the 
developmental stages had a significant influence (p < 0.05) on the 
antioxidant activity in red-fleshed dragonfruit. The antioxidant activity 
by TEAC ranged from 3.25 µmol TE/g FM at 28 DAA to 4.43 µmol TE/g 
FM at 42 DAA with higher levels at 34 DAA, followed by a decrease 
throughout the fruit development stages (Fig. 2D). The antioxidant ac
tivity by FRAP ranged from 4.27 µmol FeSO4/g FM at 28 DAA to 6.21 
µmol FeSO4/g FM at 42 DAA with the highest contents at 32 DAA. It then 
decreased throughout the subsequent fruit development stages (Fig. 2E). 
Moreover, the antioxidant activity by ß-carotene bleaching ranged from 
73.64% at 28 DAA to 88.92% at 42 DAA with the highest values at 42 
DAA; there was a fast rise from 28 DAA to 30 DAA, followed by a 
decrease up to 32 DAA and a new increase in a linear pattern throughout 
fruit development (Fig. 2F). 

3.5. Principal component analysis (PCA) 

PCA was performed to summarize the variability of the variables 
across the fruit development. As shown in Table 2, the first two principal 
components explained 87.67% of the total variance and gave 

Table 1 
Changes in individual phenolic compounds detected by HPLC in red-fleshed 
dragon fruit during fruit development.  

Phenolic 
compound 

Days after anthesis (DAA) 
30 32 34 36 38 40 42 

Gallic acid 0.80 
± 0.15 

0.19 
±

0.04 

0.14 
±

0.06 

0.07 
±

0.00 

0.07 
±

0.01 

0.03 
± 0.03 

ND 

(+) - 
Catechin 

11.92 
± 0.19 

6.92 
±

1.25 

3.43 
±

0.74 

4.08 
±

2.88 

8.49 
±

0.04 

11.50 
± 0.06 

8.31 
±

0.12 
Chlorogenic 

acid 
0.88 
± 0.31 

ND ND ND ND ND ND 

Ferulic acid 0.50 
± 0.03 

ND ND ND ND ND ND 

Caffeic acid 0.56 
± 0.14 

0.35 
±

0.00 

0.10 
±

0.01 

0.09 
±

0.04 

0.13 
±

0.01 

0.06 
± 0.00 

ND 

Vanillin 1.12 
± 0.46 

1.32 
±

0.00 

0.17 
±

0.00 

0.19 
±

0.01 

0.25 
±

0.09 

0.11 
± 0.02 

0.11 
±

0.01 

Values expressed in mg 100 g− 1 of fresh mass. Mean value ± standard deviation 
of three repetitions (n = 3); ND: non detected. 

Fig. 3. Changes in (A) anthocyanin (B) Betacyanin, (C) betaxanthin in red-fleshed dragon fruit during fruit development.  
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eigenvalues of 5.37 and 2.52, respectively. The PC1 (59.67%) was 
mainly contributed by vitamin C, TPC-FBBB, total anthocyanins, beta
cyanin, and betaxanthin. The PC2 (28%) was positively related to TPC- 
FC, TEAC, β-carotene bleaching activity, and FRAP. The scores biplot 
(Fig. 4A) allowed separating the samples according to the development 
stages into four groups: I (28 and 30 DAA), II (32 DAA), III (34 and 
36DAA), and IV (38, 40, and 42 DAA). The two first groups were clearly 
distinguished from others due to their high contents of vitamin C. The 
third group was highlighted with high levels of FRAP, betaxanthin, 
TEAC, and TPC-FC. On the other hand, the fourth group was differen
tiated from the rest of the groups due to their high contents of beta
cyanin, anthocyanins, ß-carotene bleaching, and TPC-FBBB. 

4. Discussion 

Red-fleshed dragonfruit is considered a “superfruit” and a good 
candidate for inclusion in regular human diets due to its extensive range 
of bioactive compounds (Arivalagan et al., 2021). These compounds are 
well known for providing a wide range of health-promoting biological 
activities and functions in preventing several diseases. Bioactive com
pounds in red-fleshed dragonfruit may vary considerably according to 
the degree of maturation. For this reason, a comprehensive under
standing of this fruit and the influence of that specific factor such as 
developmental stage has on its chemical composition and, hence, on its 
bioactive potential, it is useful to guide farmers and professionals who 
work with red-fleshed dragon fruit about best harvesting time to take 
advantage of its full potential. This study investigated vitamin C, 
phenolic compounds, anthocyanins, betalains, and antioxidant activity 
of red-fleshed dragonfruit at different development stages. 

The results showed that vitamin C content decreased during fruit 
development. Vitamin C is the predominant water-soluble antioxidant 
found in plant cells and plays a crucial role as a cofactor for many en
zymes in both plants and humans (Lemmens et al., 2020). Vitamin C, a 
potential antioxidant, protects the human body against free radicals and 
is associated with an inverse relationship with cardiovascular mortality 
and cancer (Martín-Calvo and Martínez-González, 2017; Wang et al., 
2019). Vitamin C content is an important parameter to evaluate the 
nutritional quality of fruits (Lim et al., 2014). The reduction of vitamin 
content might be attributed to its oxidative degradation by ascorbic acid 
oxidase (ascorbinase) enzyme or the action of oxidizing enzymes such as 
peroxidase (Chitarra and Chitarra, 2005; Siriamornpun and Kaewsee
jan, 2017). Additionally, the ascorbic acid reduction may also be related 
to a high-speed synthesis at the initial stage of the fruit development. 
Afterward, the consumption is greater than synthesis (Nie et al., 2020). 
Moreover, vitamin C may also be strongly influenced by growing con
ditions, pedoclimate, crop management, maturation stage, and genoty
pic/cultivars (Lee and Kader, 2000; Szczepaniak et al., 2019). To our 
knowledge, no authors have reported the changes in the ascorbic acid 
content along with the development of Hylocereus polyrhizus. Choo and 
Yong (2011) found levels of vitamin C of 32.65 and 31.05 mg/100 g FM 
in ripe red and white dragon fruits, respectively, averages close to that 
found in this study at 38 and 40 days after anthesis (DAA). Other authors 
have also reported a similar observation of a reduction in vitamin C 
content in other fruits, such as peach (Guizani et al., 2019; Liu et al., 
2015), banana, mango, and papaya (Siriamornpun and Kaewseejan, 
2017), acerola cherry (Xu et al., 2020), and carob (Ceratonia siliqua L.) 
(Benchikh et al., 2014). 

Phenolic compounds, as secondary metabolites, are the major 
bioactive compounds widely present in fruits and vegetables, with 
antioxidant properties and known to provide many health benefits, 
including prevention of cardiovascular diseases and cancer (Guimarães 
et al., 2019; Singh et al., 2018). This study found that the TPC measured 
by Folin-Ciocalteau and Fast Blue BB methods showed a quadratic 
behavior, increasing and decreasing along the fruit development 

Table 2 
Contribution of each variable to the PCA factors (PC1 and PC2) - loadings.  

Principal component Eigenvalue Total variance (%) Cumulative variance (%) Variablea Loadings 

PC1 5.37 59.67 59.67 Vitamin C − 0.96     
TPC-FBBB 0.89     
Total anthocyanins 0.91     
Betacyanin 0.98     
Betaxanthin 0.97 

PC2 2.52 28.0 87.67 TPC-FC 0.81     
TEAC 0.79     
β-carotene bleaching activity 0.98     
FRAP 0.77 

aTPC-FC: total phenolic compounds measured by Folin-Ciocalteau; TEAC: Trolox equivalent antioxidant capacity; FRAP: ferric-reducing antioxidant power; TPC-FBBB: 
total phenolic compounds measured by Fast Blue BB. 

Fig. 4. Principal Component Analysis for the total of nine variables evaluated 
in red-fleshed dragon fruit during fruit development (A) Scores bi-plot (B) 
Loadings bi-plot. Note: DAA: Days after anthesis; TPC-FC: total phenolic com
pounds measured by Folin-Ciocalteau; AT: anthocyanins; TEAC: Trolox equiv
alent antioxidant capacity; FRAP: ferric-reducing antioxidant power; ß- 
Carotene: β-carotene bleaching activity; TPC-FBBB: total phenolic compounds 
measured by Fast Blue BB. 
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process. Despite these variations, when compared between red-fleshed 
dragonfruit at the early stage of development and later stages, it can 
be noted that TPC increased over the fruit development. A similar trend 
was observed during the development of fruit from three dragon fruit 
cultivars (Hua et al., 2018) and in four fennel fruit populations (England, 
Spain, Poland, and Iran) (Salami et al., 2017). The increase of the 
phenolic compounds during the fruit development might be related to 
the synthesis of new compounds from the phenylpropanoid metabolic 
pathway under the regulation of phenylalanine ammonia-lyase, a key 
enzyme of phenolic biosynthesis (Rebey et al., 2019). The synthesis of 
these compounds changes with the maturation stages of the fruits since 
the enzyme activity also changes along the stages of fruit development 
(Elmastaş et al., 2017; Schulz et al., 2015). On the other hand, a slight 
decrease tendency of TPC may be due to the oxidation of polyphenols by 
polyphenol oxidase (Nie et al., 2020) and the conversion of soluble 
phenolics into insoluble phenolics, which are linked to polysaccharides 
in the cell wall during fruit ripening (Benchikh et al., 2014), Although 
TPC ranged during the fruit development, in general, our results were 
higher than the highest values previously reported by Hua et al. (2018) 
for three pitaya cultivars (“Guanhuahongfen”, “Guanhuahong”, and 
“Guanabana”) at five maturation stages (282, 184, and 159 mg/100 g, 
respectively). These variations could be attributed to various factors 
such as species, cultivar, ripening stage, soil, climate (Alañón et al., 
2021; Xu et al., 2020), and extraction conditions (Vongsak et al., 2013). 
According to Vasco et al. (2008), who classified fruits into three groups 
according to their phenolic levels: low (<100 mg GAE/100 g), medium 
(100–500 mg GAE/100 g), and high (>500 mg GAE/100 g), our results 
suggest that red-fleshed dragonfruit is rich in phenolic compounds, 
increasing its functional appeal. 

This study identified six individual phenolic compounds; catechin 
and vanillin were the most dominant phenolic compounds during the 
entire development period. Gallic acid and caffeic acid were detected 
until 40 DAA, while chlorogenic acid and ferulic acid were detected only 
at 30 DAA. In line with our results, gallic acid, catechin, ferulic acid, 
chlorogenic acid, and caffeic acid were also identified in previous 
studies with ripe dragon fruit (Arivalagan et al., 2021; Esquivel et al., 
2007; Li et al., 2019, 2018; Morais et al., 2019). Unlike total phenolic, 
the six individual phenolic compounds identified decreased along the 
developmental stages. As mentioned above, our study showed that 
catechin and vanillin were the predominant phenolic compounds. 

In contrast, a recent study performed by Arivalagan et al. (2021), 
who assessed the biochemical and nutritional characterization of dragon 
fruit, demonstrated that phenolic acids, such as caffeic, ferulic, and 
protocatechuic acids were the major compounds in the red-fleshed 
dragon fruit. According to these authors, the higher antioxidant poten
tial of red-fleshed dragonfruit is closely related to the presence of these 
compounds. Phenolic acids have been recognized as crucial compounds 
involved in the prevention of several diseases owing to their ability to 
scavenge the free radicals generated during the metabolic processes 
(Forni et al., 2019). On the other hand, catechin has been reported to 
have many health benefits against diseases caused by oxidative stress, 
including cancer, diabetes, cardiovascular, and neurodegenerative dis
eases (Bernatoniene and Kopustinskiene, 2018). Vanillin has potential 
antimutagenic and antioxidant properties (Sefi et al., 2019). 

The anthocyanins pigments are phenolic compounds widely 
distributed in plant tissue that confer different colors to the fruit, 
including red, blue, and purple. As an antioxidant, they have been 
associated with potential human health benefits and play a crucial role 
during fruit development such as protecting plants against pest and 
disease attacks, highlight burns, as well as attracting animals to partic
ipate in pollination (Kong et al., 2003; Martin et al., 2011; Qu et al., 
2021). In the present study, it was found that the total anthocyanins 
increased during the whole fruit development. Some studies report that 
anthocyanins are found in small amounts in the early stage of the fruit 
and increase during maturation (González et al., 2015). The increasing 
tendency in anthocyanins contents during development was also 

reported for other fruits such as mulberry (Lee and Hwang, 2017), 
blackberry (Schulz et al., 2019), strawberry (Ornelas-Paz et al., 2013), 
jambolan, guabiju, and jaboticaba (Seraglio et al., 2018). 

Betalains are plant-derived natural pigments currently having a huge 
demand for use as natural colorants in the food industry (Gengatharan 
et al., 2015). Betalains are considered an important quality character
istic of fruits because of their attractive color and provide many health 
benefits due to their high antioxidant activity against some oxidative 
stress-related disorders (Sadowska-Bartosz and Bartosz, 2021). Accord
ing to their chemical structure, they are divided into two main groups: 
betacyanin which is responsible for the red-violet color, and betax
anthins accountable for the yellow-orange color (Gengatharan et al., 
2015). The results showed that the contents of betalains increased with 
the advancement of maturation. As expected, the levels of betacyanins 
were higher than that of betaxanthins in all developmental stages, which 
was also consistent with the findings of García-Cruz et al. (2016), who 
suggested that the red-purple color of flesh dragon fruit results from 
betacyanins. Furthermore, it has been reported that betacyanins have 
higher antioxidant activity than betaxanthins (Azeredo, 2009; Paśko 
et al., 2021). The increase of betalains contents throughout the devel
opment period of red-fleshed dragon fruit was also reported in previous 
studies (Hua et al., 2018; Wu et al., 2019). 

In the present study, it was found that the antioxidant activity 
measured by the three methods, namely TEAC, FRAP, and ß-carotene 
bleaching, in general, increased when comparing red-fleshed dragon
fruit at the early stage and later stages of development, despite quadratic 
or cubic behavior observed over development. It was in line with the 
behavior observed in TPC, anthocyanins, and betalains, suggesting a 
positive role in the antioxidant activity of the red-fleshed dragon fruit. 
Increasing evidence shows that the antioxidant activity in red-fleshed 
dragon fruit is closely related to the phenolic compounds (Luu et al., 
2021; Paśko et al., 2021). In addition, Esquivel et al. (2007) demon
strated that betalains are the most important bioactive compounds in 
Hylocereus polyrhizus. On the other hand, it is worth mention that 
vitamin C, despite being recognized as a potent antioxidant compound, 
decreased throughout the whole period of fruit development, suggesting 
that this bioactive compound apparently might not play a pivotal role in 
the antioxidant activity of the red-fleshed dragon fruit. However, the 
linear decrease of vitamin C combined with the linear, quadratic and 
cubic behavior of total phenolic, anthocyanins and betalains contributed 
to the fluctuations in antioxidant activity between the first and last day 
of evaluation despite the clear trend of decrease. It is widely recognized 
that the health-promoting effects of bioactive compounds are closely 
related to their antioxidant activity; however, the antioxidant activity of 
fruits is influenced by different mechanisms of their several phyto
chemicals, and no method can be claimed to provide unequivocal results 
(Shahidi and Zhong, 2015; Wojdyło et al., 2017). 

The PCA agreed with the results previously discussed, which suggest 
that TPC, betacyanin, betaxanthin, anthocyanins, and antioxidant ac
tivity, in general, increased during the fruit development stages, while 
vitamin C decreased. 

Overall, the results of this study demonstrated that the develop
mental stages did not only influence the quantitative but also the 
qualitative profile of the individual phenolic compounds present in red- 
fleshed dragon fruit, which was found to decrease during the entire 
development period. However, the ripe red-fleshed dragon fruit as
sembles bioactive compounds with high antioxidant activity and func
tional appeal. In a previous study, Magalhães et al. (2019) suggested that 
the red-fleshed dragon fruit from 34 to 42 DAA is suitable for con
sumption and commercialization. Still, the authors recommend that 
fruits be harvested 38 DAA or longer to supply near markets when they 
are fully ripe. Based on the results of our study, to maximize the po
tential functional benefits of the red-fleshed dragon fruit, the suitable 
harvesting period seems to be 36 and 38 DAA. Thus, this information can 
contribute to promote the valorization of red-fleshed dragon fruit in 
different industrial applications and increase the economic value of this 
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fruit; nevertheless, further studies about the influence of species, 
cultivar, growing locations, and soil may be useful for achieving more 
details about the concentration of bioactive compounds. 

5. Conclusion 

This study demonstrated that the bioactive compounds and antiox
idant activities of red-fleshed dragon fruit were significantly affected by 
the fruit development stages. In general, the contents of total phenolic 
compounds, betacyanin, betaxanthin, and anthocyanins increased with 
the advancement of the fruit development, suggesting that these com
pounds might have increased antioxidant activity. However, the content 
of vitamin C and individual phenolic compounds decreased throughout 
the fruit development stages. Although the contents of bioactive com
pounds were affected by developmental stages, their levels at ripe stages 
were high, suggesting that red-fleshed dragon fruit is a promising source 
of natural antioxidants. Finally, between 36 and 38 DAA can be 
considered as a suitable time for harvesting. 
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35, 1039–1042. https://doi.org/10.1590/S1413-70542011000600001. 

Forni, C., Facchiano, F., Bartoli, M., Pieretti, S., Facchiano, A., D’Arcangelo, D., 
Norelli, S., Valle, G., Nisini, R., Beninati, S., Tabolacci, C., Jadeja, R.N., 2019. 
Beneficial role of phytochemicals on oxidative stress and age-related diseases. 
Biomed. Res. Int. 2019, 16. https://doi.org/10.1155/2019/8748253. 

Fuleki, T., Francis, F.J., 1968. Quantitative methods for anthocyanins. 1. Extraction and 
determination of total anthocyanin in cranberries. J. Food Sci. 33, 72–77. https:// 
doi.org/10.1111/j.1365-2621.1968.tb00887.x. 

García-Cruz, L., Valle-Guadarrama, S., Salinas-Moreno, Y., Luna-Morales, C.C., 2016. 
Postharvest quality, soluble phenols, betalains content, and antioxidant activity of 
Stenocereus pruinosus and Stenocereus stellatus fruit. Postharvest Biol. Technol. 111, 
69–76. https://doi.org/10.1016/j.postharvbio.2015.07.004. 

Gengatharan, A., Dykes, G.A., Choo, W.S., 2015. Betalains : natural plant pigments with 
potential application in functional foods. LWT Food Sci. Technol. 64, 645–649. 
https://doi.org/10.1016/j.lwt.2015.06.052. 

Gominho, J., Dolores, M., Lourenço, A., Fernández, J., Pereira, H., 2018. Cynara 
cardunculus L. as a biomass and multi-purpose crop: a review of 30 years of research. 
Biomass Bioenergy 109, 257–275. https://doi.org/10.1016/j. 
biombioe.2018.01.001. 

Gonçalves, G.A.S., Resende, N.S., Carvalho, E.E.N., de Resende, J.V., Vilas Boas, E.V.B., 
2019. Effect of processing and frozen storage on the phenolic profile, bioative 
compounds, antioxidant capacity, and enzymatic activity of mangaba pulp. Curr. 
Nutr. Food Sci. 15, 48–60. https://doi.org/10.2174/ 
1573401313666171004144858. 
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