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Abstract
The potential health benefits of native and exotic fruits have been the subject of many
recent studies in the Philippines as fruits are chief sources of biologically active
substances such as polyphenols, carotenoids, anthocyanins and flavonoids. Dragon fruit
(Hylocereus spp.), an exotic fruit originating from South America, has become
increasingly popular in the Philippines these past few years. Relatively new to the country,
its full health benefits are yet to be discovered. In this study, the anti-tyrosinase and
antioxidant activities of the methanolic and aqueous extracts of the flesh and peel of red
and white dragon fruits were evaluated while the anti-angiogenic potential of the ethanolic
and aqueous extracts of the flesh and peel of white dragon fruit were screened using the
duck embryo chorioallantoic membrane (CAM) assay. The methanolic extract of the red
dragon fruit peel showed potent inhibition against the diphenolase activity with the
percentage of inhibition being significantly higher than that of Rutin at 20 mg/mL.
Furthermore, it exhibited better antioxidant activity than ascorbic acid in the radical
scavenging assay as well as the ability to chelate with ferrous ions and reduce the ferric
ion. The observed activities may be attributed to its high total phenolic content and the
observed presence of tannins. In CAM assay, treated duck embryo showed evident
suppression of veins at increasing concentrations of ethanolic and aqueous extracts of the
white dragon fruit flesh and the aqueous extract of the white dragon fruit peel (250 ppm to
2000 ppm), with almost no vascularization at 2000 ppm; the trends of vascularization
were almost comparable to that of quercetin, a known anti-angiogenic compound. These
results contribute to the increasing repertoire of potential health benefits of dragon fruit.

1. Introduction
Dragon fruit is an exotic fruit native to southern
Mexico and Central America but has lately gained
interest and is now being cultivated in tropical countries
such as Thailand, Vietnam, and the Philippines due to it
being a low-calorie fruit with high fibre content and a
good amount of vitamins, minerals, and natural
antioxidants such as polyphenolics, hydroxycinnamates,
and flavonoids that protect cells from damage. The peels
of Hylocereus polyrhizus (red-flesh dragon fruit) and
Hylocereus undatus (white-flesh dragon fruit) contain
the free radical scavenger β-amyrin, hypolidipemic agent
γ-sitosterol, and antiangiogenic campesterol (Luo et al.,
2014). A one-cup serving (227 g) of dragon fruit has
been reported to provide 7 g of fibre, 29 g of
carbohydrates, iron 8% of recommended dietary intake
*Corresponding author.
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(RDI), magnesium 18% of RDI, vitamin C 9% of RDI,
and Vitamin E 4% of RDI (Meixner, 2018).
Betalains indicaxanthin and betanin were found in
the plasma of volunteers fed with the fruit which
protected low-density lipoprotein from ex vivo-induced
oxidation (Tesoriere et al., 2004). Potential health
benefits are also evident as it was found to contain
oligosaccharides that stimulate the growth of lactobacilli
and bifidobacteria in the gut, potentially improving
metabolic health (Wichienchot et al., 2010). In a study
by Song et al. (2016), administration of H. polyrhizus
fruit betacyanins to mice reduced the high-fat dietinduced visceral obesity and insulin resistance.
Furthermore, the supplement increased the relative
abundance of Akkermansia, a beneficial microbe that
potentially affects glucose metabolism and intestinal
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immunity. Dragon fruit extract also effectively decreased
the aortic stiffness, measured by pulse wave velocity, in
rats with streptozotocin-induced diabetes (Anand Swarup
et al., 2010), showing its potential against cardiovascular
complications. Aside from the fruit being popular as a
part of a healthy diet, some use its extract as a vital
ingredient in beauty regimes to prevent premature ageing
and brighten skin (Ghodke et al., 2017). Also, as dragon
fruit is rich in Vitamins C and B3, it is added to face
creams to treat acne and moisturize dry sunburned skin
(Ghodke et al., 2017).

2.3 Phytochemical screening
Crude extracts were spotted in 6 separate thin layer
chromatography (TLC) plates. The plates were
developed in the chamber containing a solvent system
composed of chloroform and methanol at a 1:5 ratio. The
spray reagents and observable results for a positive test
are seen in Table 1.
Table 1. Spray reagents used for phytochemical screening and
the observable result for positive tests (Aguinaldo et al.,
2005).
Phytochemical
Observable Result for
Spray Reagent
Tested
a positive test

The peel of dragon fruit which contains betalains and
phenolic compounds and was found to possess some
Flavonoids Antimony(III) chloride intense yellow to
antioxidant activities are usually discarded and thus its
Potassium ferricyanide
Tannins
blue spots
potential benefits are wasted. In the Philippines, only a
few are involved in dragon fruit production due to
brown-orange spots
Alkaloids
Dragendorff’s reagent
challenges in producing quality fruit and high investment
immediately on
cost (Eusebio and Alaban, 2018). Furthermore,
Anthroquinones Magnesium acetate
orange-violet color
consumers are limited due to it being sold at a higher
Van Urk-Salkowski
Indoles
blue-violet spots
price (Php 150-200) compared to other locally grown
test
fruits. Detailing the pharmacological uses of dragon fruit Higher alcohols Vanillin-Sulfuric acid
blue-violet spots
Phenols
may further promote its consumption and encourage
local farmers to develop a technology to reduce 2.4 Tyrosinase inhibition assay
production costs and enhance quality. As the full health
Methanolic samples were dissolved in dimethyl
benefits of dragon fruit are yet to be discovered, the main sulfoxide, while aqueous samples were dissolved in 50
objective of this study was to investigate the anti- mM Potassium phosphate buffer (pH 6.5) to a final
tyrosinase and antioxidant activities as well as anti- concentration of 20 mg/mL. At room temperature, 140
angiogenic potential of two species of dragon fruit, i.e. µL of each sample was mixed with 60 µL of tyrosinase
white-flesh dragon fruit and red-flesh dragon fruit.
(333 U/mL in phosphate buffer, pH 6.5) and 580 µL of
distilled water. After 5 mins of incubation, 220 µL of the
substrate, L-3,4-dihydroxyphenylalanine (L-DOPA, 12
2. Materials and methods
mM in 50 mM potassium phosphate buffer (pH 6.5)),
2.1 Plant material
was added and incubated for 30 mins. Rutin was a
Red and white dragon fruits were harvested from a
positive control and distilled water was the negative
private farm in Los Baños, Laguna. The fruits were sent
control. The reaction mixture without the substrate
to the Bureau of Plant Industry for authentication. For
served as the blank. Absorbances were read at 492 nm.
chorioallantoic membrane (CAM) assay, white dragon
The per cent tyrosinase inhibition was calculated using
fruit was purchased from a local market and sent to the
the formula:
National Museum for authentication.
% Inhibition = [(Acontrol – Asample)/Acontrol] × 100
2.2 Preparation of flesh and peel extracts
where Acontrol is the absorbance of distilled water and
Red and white dragon fruits were washed and the
Asample is the absorbance of the reaction mixture
peel was removed. The flesh and peels were blended and
containing the extract or rutin (Momtaz et al., 2008;
serial extraction was done by soaking the samples in
Fawole et al., 2012).
hexane, 80% methanol, and distilled water at a 1:4 (w/v)
ratio for 72 hrs with shaking. For CAM assay, white 2.5 Radical-scavenging activity
dragon fruit peel and flesh were soaked in 95% ethanol
Each sample (20 µL) in 20 mg/mL was added to
at a 1:4 (w/v) ratio for 4 hrs at room temperature. The
hexane, methanolic, and ethanolic extracts were filtered 1000 µL of 1,1-diphenyl-2-picrylhydrazyl (DPPH, 0.1
and dried using the rotary evaporator at 40˚C. mM in absolute ethanol), vigorously stirred, and allowed
Methanolic and ethanolic extracts were further to sit at room temperature for 30 mins. Ascorbic acid (20
lyophilized to dry. The aqueous extracts were lyophilized mg/mL) was a positive control. The reaction mixture
using distilled water as a sample served as the blank.
to dry.
Absorbances were read at 517 nm. The percentage of
eISSN: 2550-2166
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DPPH radical scavenging activity (RSA) was calculated
using the formula:

Where, Ablank is the absorbance of the blank
containing distilled water only and Atest is the absorbance
of the reaction mixture containing the extract (Paulpriya
et al., 2015).
2.6 Ferrous ion chelating assay
A total 30 µL of 2 mM ferrous chloride (FeCl2) was
added to 1.5 mL of sample (5 mg/mL) followed by 40
µL of 5 mM Ferrozine. The reaction mixture was shaken
well and then incubated at room temperature for 10 mins.
The reaction mixture with distilled water served as the
blank. Absorbances were read at 562 nm. To compute
the ferrous ion chelating activity of the samples, a
standard calibration curve was prepared using varying
concentrations of ethylenediaminetetraacetic acid
(EDTA) (Singh and Rahini, 2004; Fawole et al., 2012).
2.7 Ferric ion reducing antioxidant power assay
The ferric reducing antioxidant power (FRAP)
solution contains 50 mL of 300 mM acetate buffer (pH
3.6), 5 mL of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ),
and 5 mL of 20 mM ferric chloride (FeCl3). Each extract
(100 µL) at 20 mg/mL was added to 900 µL of FRAP
solution and incubated in the dark for 30 mins. The
reaction mixture with distilled water served as the blank.
Absorbances were read at 593 nm. The FRAP activity of
samples was calculated through a standard calibration
curve using varying concentrations of FeCl2 (Benzie and
Strain, 1996; Fawole et al., 2012).
2.8 Total phenolic content
Each extract (100 µL) at 20 mg/mL was added to
450 µL of 10% Folin reagent. After shaking, 450 µL of
7.5% sodium carbonate was added. After a 40-minute
incubation, absorbances were read at 725 nm. The total
phenolic content of the samples was computed through a
standard calibration curve using varying concentrations
of Tannic acid (Makkar et al., 1993; Fawole et al.,
2012).

2.9 Duck embryo chorioallantoic membrane assay
Fertile 7-day duck eggs were cleaned and incubated
at 37°C for 2 days prior to use. A total of two eggs were
used for each: positive control (quercetin), negative
control, and the extracts (125, 250, 500, 1000, and 2000
ppm).
The eggs were placed in front of a light bulb to view
the air space part of the egg. A small hole in the shell
opposite the air space was made by puncturing to expose
the CAM. The test solutions were introduced through the
hole then the holes were sealed with parafilm. After 4
days of incubation, the membrane was observed for
formation or suppression of the development of veins.
The thickness and areas covered by the veins were noted.
2.10 Statistical analysis
All data were presented as mean values (±SEM) with
one-way ANOVA using Microsoft Excel and GraphPad
Prism. Tukey’s and Dunnett’s multiple comparisons tests
were performed using GraphPad Prism.

3. Results
3.1 Phytochemical screening
The results of the phytochemical screening are seen
in Table 2. Tannins were found in the methanolic extract
of red dragon fruit peel (RP MeOH) and the aqueous
extracts of red dragon fruit peel (RP H2O), red dragon
fruit flesh (RF H2O), and white dragon fruit flesh (WF
H2O). Alkaloids were found to be present in the aqueous
extracts of white dragon fruit peel (WP H2O), WF H2O,
and RF H2O; while phenolics were present in the
methanolic extracts of the flesh and the aqueous extracts
of the peel and flesh of both variants. Indoles were found
to be present in the methanolic extracts of the flesh and
the aqueous extracts of the peel and flesh of both
variants.
3.2 Tyrosinase inhibition
In this study, an inhibition activity percentage above
50% was described as good tyrosinase inhibition. As
seen in Figure 1, RP MeOH (91.759±3.645%) and the

Table 2. Phytochemical analysis of Hylocereus spp. methanolic and aqueous flesh and peel extracts
Methanolic Extracts
Aqueous Extracts
Phytochemicals
Red
Red
White
White
Red
Red
White
Flesh
Peel
Flesh
Peel
Flesh
Peel
Flesh
Flavonoids
Tannins
+
+
+
+
Alkaloids
+
+
Anthraquinones
+
+
Indoles
+
+
+
+
+
Phenols
+
+
+
+
+
eISSN: 2550-2166
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Six different solvents were used for partial
purification of RP MeOH and among these, ethyl acetate
and methanol showed the most bands. Thus, gradient
elution using these solvents was performed. Fractions AF were collected using 100% ethyl acetate, 100%-60%
ethyl acetate, 40%-100% methanol, 100%-50% methanol
and water, 50% methanol and 50% water, and 100%
water, respectively. As seen in Figure 2, the tyrosinase
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Figure 1. Tyrosinase-inhibition activities of the crude extracts
relative to the positive standard, rutin. Abbreviations: RF H2O
= Aqueous extract of red dragon fruit flesh; RF MeOH =
Methanolic extract of red dragon fruit flesh; RP H2O =
Aqueous extract of red dragon fruit peel; RP MeOH =
Methanolic extract of red dragon fruit peel; WF H2O =
Aqueous extract of white dragon fruit flesh; WF MeOH =
Methanolic extract of white dragon fruit flesh; WP H2O =
Aqueous extract of white dragon fruit peel; WP MeOH =
Methanolic extract of white dragon fruit peel. All data are
reported as mean±SEM (n = 5) . ****P values < 0.0001, ***P
values = 0.0002.
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Figure 3 shows the RSA of 8 crude extracts.
Considering RSA of 50% as good activity, poor RSAs
were exhibited by all extracts at 20 mg/mL, except that
of RP MeOH (54.607±1.139%). The RSA of the
ascorbic acid (93.789±2.372%), however, was still
significantly higher. WP H2O had a negative activity,
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for WP MeOH and RP MeOH against rutin
(44.357±5.263%).
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Figure 3. Radical scavenging activity of the crude extracts and
the positive standard ascorbic acid at 20 mg/mL.
Abbreviations: RF H2O = Aqueous extract of red dragon fruit
flesh; RF MeOH = Methanolic extract of red dragon fruit
flesh; RP H2O = Aqueous extract of red dragon fruit peel; RP
MeOH = Methanolic extract of red dragon fruit peel; WF H2O
= Aqueous extract of white dragon fruit flesh; WF MeOH =
Methanolic extract of white dragon fruit flesh; WP MeOH =
Methanolic extract of white dragon fruit peel. All data are
reported as mean±SEM (n=3) . ****P values < 0.0001.

Figure 4 shows the ferrous ion chelating (FIC) and
ferric ion reducing abilities of the crude extracts. WP
H2O (0.172±0.007 mM EDTA equivalents) and WP
MeOH (0.169±0.003 mM EDTA equivalents) showed
comparable FIC activity with RP MeOH (0.152±0.001
mM EDTA equivalents), but significantly higher activity
than the rest.

T rea tm en ts

Figure 2. Tyrosinase-inhibition activities of partially purified
extracts relative to the positive standard, rutin. Elution
solvents: Fraction A — 100% ethyl acetate; Fraction B —
100%-60% ethyl acetate; Fraction C — 40%-100% methanol;
Fraction D — 100%-50% methanol & water; Fraction E —
50% methanol, 50% water; Fraction F — 100% water. All
data are reported as mean±SEM (n = 5) . ***P values =
0.0002, **P values = 0.0021.
eISSN: 2550-2166

As seen in Figure 5, RF H2O (855.000±108.448 mM
FeCl2 equivalents), RP MeOH (832.067±178.537 mM
FeCl2 equivalents), RP H2O (781.800±0.000 mM FeCl2
equivalents), WP MeOH (643.800±1.405 mM FeCl2
equivalents), and the methanolic extract of white dragon
fruit flesh (WF MeOH, 542.200±5.718 mM FeCl2
equivalents) showed effective and comparable ferric ion
© 2022 The Authors. Published by Rynnye Lyan Resources
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Figure 6. The total phenolic content of 8 crude extracts. The
corrected values are expressed as µg/mL Tannic acid
equivalents per gram of sample. Abbreviations: RF H2O =
Aqueous extract of red dragon fruit flesh; RF MeOH =
Methanolic extract of red dragon fruit flesh; RP H2O =
Aqueous extract of red dragon fruit peel; RP MeOH =
Methanolic extract of red dragon fruit peel; WF H2O =
Aqueous extract of white dragon fruit flesh; WF MeOH =
Methanolic extract of white dragon fruit flesh; WP H2O =
Aqueous extract of white dragon fruit peel; WP MeOH =
Methanolic extract of white dragon fruit peel. All data are
reported as mean±SEM (n=3). ****P values < 0.0001, ***P
values = 0.0002.

3.5 Anti-angiogenic effects of dragon fruit extracts
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reported as mean±SEM (n=3). ***P values = 0.0002, *P
values = 0.0332.
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Figure 5. Antioxidant activity of the dragon fruit extracts (at
20 mg/mL) determined by FRAP Assay. Abbreviations: RF
H2O = Aqueous extract of red dragon fruit flesh; RF MeOH =
Methanolic extract of red dragon fruit flesh; RP H2O =
Aqueous extract of red dragon fruit peel; RP MeOH =
Methanolic extract of red dragon fruit peel; WF H2O =
Aqueous extract of white dragon fruit flesh; WF MeOH =
Methanolic extract of white dragon fruit flesh; WP H2O =
Aqueous extract of white dragon fruit peel; WP MeOH =
Methanolic extract of white dragon fruit peel. The values are
expressed in mM FeCl2 equivalents. All data are reported as
mean±SEM (n=3). **P values = 0.0021.

As seen in Figure 7B, the vascularization in the
untreated duck embryos was evident in the CAM, with
dense blood vessels radially converging towards the
centre. In Figure 7A, however, treatment with WF H2O
and the ethanolic extract of white dragon fruit flesh (WF
EtOH) inhibited the angiogenic process. In duck
embryos treated with quercetin, WF EtOH, and WF H2O,

3.4 Total phenolic content
The antioxidant activity of a plant extract is largely
attributed to the presence of phenolic compounds. Figure
6 shows the total phenolic content (TPC) of the 8 crude
extracts. All extracts tested had a concentration of 20
mg/mL except for the WP MeOH and RP MeOH, which
were at a concentration of 1 mg/mL due to the minimum
amount available, thus values were adjusted and
expressed per gram of sample. After the corrected
eISSN: 2550-2166

Figure 7. Duck embryos (A) treated with the test solutions at
125, 250, 500, 1000, and 2000 ppm and (B) untreated.
Abbreviations: WF EtOH = Ethanolic extract of white dragon
fruit flesh; WF H2O = Aqueous extract of white dragon fruit
flesh; WP EtOH = Ethanolic extract of white dragon fruit peel;
WP H2O = Aqueous extract of white dragon fruit peel. Assay
was done in duplicate.
© 2022 The Authors. Published by Rynnye Lyan Resources
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dense vascularization was observed only at 125 ppm
which decreased with the increase in concentration.
Notably, the blood vessels in the CAM were almost not
noticeable after treatment with quercetin, WF EtOH, WF
H2O, and the ethanolic extract of white dragon fruit peel
(WP EtOH) at 2000 ppm.
4. Discussion
Phenolics and indoles were found to be present in the
methanolic extracts of the flesh and the aqueous extracts
of the peel and flesh of both variants, while alkaloids
were found mostly in the aqueous extracts of white
dragon fruit and tannins were found mostly in the red
dragon fruit variant, most notably in RP MeOH (Table
2). Condensed tannins have been reported to have the
potency to treat tumours and can reduce the risk of
cancer (Ghosh, 2015), which may be related to their
ability to inhibit free radicals produced by many
carcinogens and/or mutagens (Amarowicz, 2007).
Condensed tannins also are potent mushroom tyrosinase
inhibitors mainly via chelation (Chen et al., 2014).
Linear relationships were observed between the total
alkaloid/phenolic contents and ferric reducing
antioxidant potential and lipid peroxidation inhibition
ability (Gan et al., 2017), showing their importance for
antioxidation. Furthermore, phenolic compounds and
their derivatives were characterized as potent tyrosinase
inhibitors (Zolghadri et al., 2019). Indole derivatives
were shown to be effective scavengers of reactive
oxygen (ROS) and nitrogen species, with the radical
dissipation inside the indolic system being mandatory for
the observed antioxidant activity (Estevão et al., 2010).
Synthesized indole derivatives have also shown
tyrosinase inhibitory properties, with the substituent at
the C-3 position playing a key role in activity (Ferro et
al., 2016).
Tyrosinase, a copper-containing glycoprotein
produced by melanocyte cells, is a primary enzyme
responsible for the production of melanin which is the
main source of skin and hair colour. Aside from this,
studies proposed that tyrosinase over-expression may
contribute to the neuromelanin formation in substantia
nigra (Carballo-Carbajal et al., 2019) and could be
central to dopamine neurotoxicity as well as contribute to
the neurodegeneration associated with Parkinson’s
disease (Xu et al., 1997). Thus, tyrosinase has become an
important target for the development of hypopigmented
agents as well as medicinal products. In this study, RP
MeOH exhibited good inhibition against the diphenolase
activity at 20 mg/mL (Figure 1). It is known that the
ability to form complexes with proteins is a unique
characteristic of tannins. Thus, the tannin content of RP
MeOH could have an effect on the reduced tyrosinase
eISSN: 2550-2166

activity observed herein. When RP MeOH was subjected
to partial purification, however, the tyrosinase inhibition
activity was reduced which is possibly due to the
separation of the active components. Fractions B and D
exhibited tyrosinase-inhibition activities comparable to
that of rutin at 20 mg/mL (Figure 2). Fraction B, eluted
with 100%-60% ethyl acetate, might contain non-polar
components such as lipids and steroids, which according
to studies, can also act as tyrosinase-inhibitors (Chang,
2012). Fraction D, eluted with 100%-50% methanol and
water, most probably contains the polyphenols. Tannins
contain non-polar (aromatic rings) and polar (hydroxyls)
moieties and studies showed that they can be obtained
using ethyl acetate (Benzidia et al., 2019) and methanol:
water (Yuliana et al., 2014) as solvent.
An antioxidant compound may be classified
according to its mechanism of action: electron transfer
such as FRAP assay, hydrogen atom transfer such as
DPPH assay, and chelation of transition metals such as
FIC assay. The DPPH test is an indirect method for
determining the antioxidant activity which is based on
the reduction of the stable free radical DPPH by the
action of hydrogen atom donating antioxidants in the
extract. In the FIC assay, the ability of plant components
to chelate transition metals such as iron and copper that
are involved in the formation of ROS is determined.
FRAP is based on the reduction of ferric(III)-TPTZ
complex to ferrous(II)-TPTZ complex, formed by the
action of electron-donating antioxidants in the extract. In
this study, RP MeOH notably exhibited antioxidant
activity in all three assays as well as high TPC (Figure 3
- 6). Therefore, the good antioxidant and tyrosinaseinhibition activities of RP MeOH may be attributed to
the presence of tannins and its high TPC.
Angiogenesis is one of the indicators of cancer,
playing an essential role in tumour growth as the
formation of new blood vessels provides a sufficient
supply of nutrients for tumour survival and allows the
cancer cells to spread to other areas (Sun et al., 2015).
Our results showed that the white dragon fruit exhibited
high iron chelating activity. The transition metal ion Fe2+
is involved in the formation of free radicals and thus
chelating can reduce ROS formation. ROS has been
shown to promote angiogenesis via different pathways
such as stimulation of the expression of vascular
endothelial growth factor, an angiogenic factor engaged
in tumour progression by promoting the growth of
tumour vasculature (Kim and Byzova, 2014). In this
study, WF H2O and WF EtOH suppressed the veins in
duck embryos with almost no vascularization at 2000
ppm (Figure 7). This anti-angiogenic activity may be
attributed to the presence of indole derivatives which are
effective ROS scavengers thus reducing the stimulators
© 2022 The Authors. Published by Rynnye Lyan Resources

Cruz et al. / Food Research 6 (3) (2022) 403 - 410

5. Conclusion

This study showed that the peel of red dragon fruit, an
underused resource, possesses consistently high
antioxidant activity in all three assays: FRAP assay,
DPPH assay, and FIC assay. It also inhibited tyrosinase,
being more potent than rutin. These activities could be
associated with the presence of tannins and high total
phenolic content observed in the methanolic extract.
These results suggest that the peel of the red dragon fruit
can be utilized as a good source of functional
components useful for enhancing the human defense
system and as depigmenting agents. The flesh of the
white dragon fruit, on the other hand, showed good antiangiogenic activity, evidently suppressing the veins
similar to that of quercetin. Thus, the white dragon fruit
is a promising source and can be utilized for the
discovery of angiogenesis inhibitors. Our study adds to
the repertoire of health benefits of dragon fruit. This
information could be utilized for the development of
pharmaceutical and cosmetic products thereby increasing
the commercial value of this plant.
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