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Folin-Ciocalteu and TEAC (Trolox equivalent antioxidant capacity) assay together with
the spectrophotometric determination of betalains were applied to investigate the correlation
between phenolics and their contribution to the antioxidant capacity of five different Costa
Rican genotypes of purple pitaya (Hylocereus sp.) and of H. polyrhizus fruits. Maximum
antioxidant capacity, total phenolic and betalain contents were observed in the genotype
‘Lisa’. While non-betalainic phenolic compounds contributed only to a minor extent, beta-
lains were responsible for the major antioxidant capacity of purple pitaya juices evaluated.
The phenolic pattern of each genotype was also thoroughly investigated using liquid chroma-
tography coupled to positive electrospray ionization (ESI) tandem mass spectrometry. In
addition to the well known betalains previously reported in Hylocereus fruits, several biosyn-
thetic precursors were detected. Notably, decarboxylated and dehydrogenated betalains were
identified as genuine compounds of the juices. Some of these compounds were previously
described as artifacts upon heat exposure. Moreover, gallic acid was identified for the first
time in pitaya fruits. While the phenolic profiles generally differed between genotypes, phe-
nolic compound composition of ‘Rosa’ resembled that of H. polyrhizus with respect to total
contents of betacyanins, betalainic precursors, phyllocactin and cyclo-Dopa malonyl-gluco-
sides.
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Introduction

Vine cacti, native to tropical regions of North,
Central and South America, are known in Latin
America as pitahaya or pitaya. The plant has
three-ribbed stems that climb to trees and rocks.
The fruit is a medium- to large-size epygenous
berry characterized by large leaf-like scales (Nerd
and Mizrahi, 1997). Selected species have been re-
cently developed as fruit crops. Among them, Hy-
locereus undatus [(Haworth) Britton & Rose] (red
skin, white pulp) has been widely planted, while
others such as H. polyrhizus [(F. A. C. Weber)
Britton & Rose] (red skin, red-violet pulp) and
H. costaricensis [(F. A. C. Weber) Britton & Rose]
(red skin, red pulp) are grown at a smaller scale
(Mizrahi and Nerd, 1999). ‘Lisa’, ‘Orejona’, ‘Rosa’
and ‘San Ignacio’ are common genotypes commer-
cialized in Nicaragua, the Central American coun-
try with the highest pitaya production of about
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3000 t on 420 ha (Anonymous, 1994; Vaillant et al.,
2005), while the genotype ‘Nacional’ is grown in
the region of Puntarenas, Costa Rica. The red pit-
ayas, rich in betalains, have received scientific sig-
nificance only recently due to their potential as a
source of natural food pigments (Stintzing et al.,
2002), but also because of their antioxidant capac-
ity (Vaillant et al., 2005). Wu et al. (2006) studied
the total phenolic content, and antioxidant and an-
tiproliferative activity of red pitaya on melanoma
cells to evaluate its pharmacological potential. Ac-
cording to their work, flesh and peel were both
rich in phenolics and good sources of antioxidants.
These findings were confirmed by Vaillant et al.
(2005) who found 560Ð680 μmol gallic acid equi-
valents resulting in ORAC values of 880Ð
1130 μmol equivalents of Trolox per 100 g fresh
fruit, where Trolox represents a water-soluble vita-
min E analogue commonly applied to express radi-
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cal scavenging capacity equivalents of various sub-
stances or extracts (Sánchez-Moreno, 2002). In
addition, several studies have shown that betalains
are efficient free radical scavengers preventing ox-
ygen-induced and free radical-mediated oxidation
of biological molecules (Kanner et al., 2001; But-
era et al., 2002; Stintzing et al., 2005).

Although high antioxidant levels have been re-
ported in pitayas, studies on the phenolic profile
of Hylocereus fruits are still lacking. In a very re-
cent work by Mahattanatawee et al. (2006), the
phenolic fraction was assumed to be mainly com-
posed of hydroxycinnamic acids, however, these
authors did not provide further evidence. Knowl-
edge on the phenolic composition of Hylocereus
juices is of importance, considering that phenolics
are antioxidants and may inhibit specific interac-
tions with cell receptors and enzymes depending
on their particular chemical structure. Therefore,
the present work aimed at a thorough investiga-
tion of the phenolic patterns of pitaya fruits using
liquid chromatography coupled to positive electro-
spray ionization (ESI) tandem mass spectrometry.
In addition, total betalains and total phenolics
should be assessed including their respective con-
tribution to the antioxidant capacity of pitaya fruit
juices applying the TEAC assay.

Materials and Methods

Plant material and sample preparation

Three-year-old plants of the genotypes ‘Lisa’,
‘Rosa’, ‘San Ignacio’, ‘Orejona’ and ‘Nacional’,
cultivated organically in Barranca, Puntarenas,
Costa Rica (N 9∞ 57.566�, W 84∞ 43.217�) were
used for this study. Samples of each of the ana-
lyzed genotypes were deposited at the Herbarium
of the Universidad de Costa Rica (USJ), where
they received the following accession numbers:
‘Rosa’ 88680, ‘San Ignacio’ 88681, ‘Nacional’
88682, ‘Lisa’ 88683 and ‘Orejona’ 88684. Three
fruits of each genotype were harvested from July
to August 2005, when their peel colour started to
turn from green to purple. Fruits were stored at
room temperature until the purple colour devel-
oped completely and were subsequently frozen
at Ð20 ∞C until analysis. After thawing, the fruits
were peeled and the pulp was manually pressed.
The juices were filtered using a filter paper
(520 μm, Schleicher-Schuell, Dassel, Germany).
For comparative purposes, a sample of H. polyrhi-

zus brought from Israel in 2005 and cultivated un-
der greenhouse conditions was also analyzed.

Solvents and reagents

Reagents and solvents were purchased from
VWR International (Darmstadt, Germany) and
were of analytical or HPLC grade. Gallic acid and
tyrosine were obtained from Sigma-Aldrich
GmbH (Steinheim, Germany). Deionized water
was used throughout.

Total betalain content

Photometric quantification of total betalains
was carried out in duplicate following the method
by Kugler et al. (2007) using a UV-vis spectropho-
tometer (Perkin-Elmer, Überlingen, Germany)
equipped with UVWinLab V 2.85.04 software
(Perkin-Elmer Instruments, Norwalk, CT, USA).

Total phenolic contents

Total phenolic compounds were assessed photo-
metrically applying the Folin-Ciocalteu assay (Sin-
gleton et al., 1999). Absorption was registered at
720 nm using a UV-vis spectrophotometer (Per-
kin-Elmer) equipped with UVWinLab V 2.85.04
software (Perkin-Elmer Instruments). All deter-
minations were performed in duplicate. A four-
point calibration curve was used for quantification
of total phenolic contents, which were expressed
as ascorbic acid equivalents (AAE). The particular
contribution of betacyanins and ascorbic acid to
the AAE values of total phenolic contents as de-
termined by the Folin-Ciocalteu assay was as-
sessed using standard curves for both compounds
and phenolic values were corrected accordingly.
For this purpose, ascorbic acid concentrations
were determined following a method by Esquivel
et al. (2007), whereas betanin purification, isola-
tion and quantification were conducted as de-
scribed elsewhere (Stintzing et al., 2004).

Antioxidant capacity

The photometric TEAC assay, the reduction of
the in vitro induced 2,2-azinobis-(3-ethylbenzothi-
azoline-6-sulfonic acid) diammonium salt (ABTS)
radical described by Van den Berg et al. (2000),
was slightly modified: ABTS was dissolved in a pH
7.4 phosphate buffer medium containing NaCl at
a concentration of 20 mm. A volume of 0.5 mL of
this reagent was added to 100 mL of a solution of
2,2�-azobis-(2-amidinopropane)-HCl (ABAP) in
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phosphate buffer (2.5 mm) and subsequently incu-
bated during 15 min at 60 ∞C in the dark. 40 μL of
the diluted sample were added to 2 mL of the
ABTS radical solution and mixed thoroughly.
After a reaction time of 6 min, absorbance was as-
sessed at 734 nm. All measurements were per-
formed in duplicate, and for each sample a freshly
pipetted blank was measured. A standard solution
of ascorbic acid was used for calibration and the
results were expressed as AAE, according to Chun
et al. (2005).

Phenolic compound profile

The phenolic patterns of the juices were studied
using an HPLC-system (Merck, Darmstadt, Ger-
many) equipped with an analytical Sunfire C18-
column (250 ¥ 4.6 mm i. d., Waters, Wexford, Ire-
land) with a particle size of 5 μm. Separation was
achieved at 30 ∞C applying a flow rate of 1 mL
minÐ1. The mobile phase A consisted of 5% (v/v)
formic acid in water, while MeCN 100% was used
as the mobile phase B. The first 5 min were per-
formed isocratically with 100% A. Then, a linear
gradient was followed to 5% B at 35 min, 12% B
at 42 min, 30% B at 55 min and finally 100% B at
70 min, before re-equilibration to starting condi-
tions. Monitoring was carried out at 280 nm. Rela-
tive chromatogram areas for individual peaks were
calculated. All determinations were performed in
duplicate.

Assignment of betalains and other compounds
by HPLC-DAD-MS2

Applying identical chromatographic conditions,
identification of compounds was achieved by

Table I. Total betacyanins, total phenolics and antioxidant capacity (TEAC) values of different Hylocereus geno-
typesa.

Genotype Total Total phenolicsb,c Betalainsd Non-betalainic TEACb,c (AAE)
betalains Folin-Ciocalteu Folin-Ciocalteu compoundsd [mg/100 mL]

[mg/100 mL] [mg/100 mL] (%) Folin-Ciocalteu (%)

‘Lisa’ 75.1ð3.9A 13.3ð0.4A 79.9ð0.6C 20.1ð0.6B 36.1ð3.4A
‘Nacional’ 67.4ð1.6B 10.0ð0.5C 76.1ð1.2D 23.9ð1.2A 34.8ð1.5A
‘Orejona’ 62.1ð1.0C 11.2ð0.1B 80.4ð0.2C 19.6ð0.2B 27.9ð0.7CB
‘Rosa’ 43.2ð0.6E 12.9ð0.2A 88.1ð0.2A 11.9ð0.2D 26.8ð1.3B
‘San Ignacio’ 43.2ð0.6E 9.6ð0.7C 84.0ð0.1B 16.0ð0.1C 24.5ð0.8B
H. polyrhizus 57.1ð0.5D 9.2ð0.1C 78.1ð0.3CD 21.9ð0.3AB 30.5ð0.1A

a Significant differences within values in the same column are indicated by different letters (P � 0.05).
b Ascorbic acid equivalents in mg/100 mL.
c Since ascorbic acid was not detected in the juices, no correction was required.
d Based on calculated values of the respective total betacyanin content.

HPLC-MS analyses on a series 1100 HPLC instru-
ment (Agilent, Waldbronn, Germany), equipped
with ChemStation software, a G1322A degasser,
a G1312A binary gradient pump, a G1329/1330A
autosampler, a G1316A column-oven, and a
G1315A diode array detector. The HPLC system
was connected in series with a Bruker model Es-
quire 3000+ (Bremen, Germany) ion trap mass
spectrometer fitted with an electrospray ionization
source operating in the positive mode. Nitrogen
was used as dry gas at a flow rate of 12 mL minÐ1

and a pressure of 70 psi. The nebulizer tempera-
ture was set to 365 ∞C. Using helium as collision
gas (4.1 ¥ 10Ð9 bar), collision-induced dissociation
spectra were obtained with a fragmentation ampli-
tude of 1.2 V (MS/MS).

Statistical analysis

To determine differences between genotypes,
analysis of variance and mean comparisons using
the Tukey test were performed (Statistica for Win-
dows, StatSoft, Tulsa, OK, USA).

Results and Discussion

Total contents of betalains and colourless
phenolics

The betalain contents of juices from different
Hylocereus genotypes are shown in Table I. Differ-
ences were observed among the genotypes, with
‘Lisa’ exhibiting the highest and ‘San Ignacio’ and
‘Rosa’ the lowest pigment contents. Total phenolic
contents of the juices were measured with the Fo-
lin-Ciocalteu method (Table I). Apart from phe-
nolic compounds, other easily oxidizable substan-
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ces such as ascorbic acid are also determined by
the Folin-Ciocalteu reagent, producing a blue col-
our following the reduction of yellow heteropoly-
phosphomolybdate-tungstate anions. The maxi-
mum total phenolic content was observed in ‘Lisa’
and ‘Rosa’, while ‘Nacional’, ‘San Ignacio’ and H.
polyrhizus marked the minimum values. Since
ascorbic acid was only present in low amounts,
complying with previous reports (Stintzing et al.,
2003; Vaillant et al., 2005), its contribution to total
phenolics was negligible. However, betalains sub-
stantially contributed to Folin-Ciocalteu values
(Table I), ranging between 76.1% for ‘Nacional’
and 88.1% for ‘Rosa’. This is in accordance with
the results of Kujala et al. (2002) who evidenced a
correlation between total betalains and total phe-
nolics in beetroot peel extracts. As can be seen
from Table I non-betalainic compounds contrib-
uted to Folin-Ciocalteu values to a much smaller
extent (11.9Ð23.9%).

Antioxidant capacity

The antioxidant capacity values (TEAC) for the
juices of the different Hylocereus genotypes re-
vealed significant differences among the geno-
types (Table I). While the maximum TEAC value
was found in ‘Lisa’, ‘Nacional’ and H. polyrhizus,
lower values were assessed for the remaining gen-
otypes. A positive correlation to the total betalain
contents was observed (R2 = 0.75). Comparing
these values with those of a previous investigation
(Chun et al., 2005), pitaya fruits were in the same
range with tomato, pumpkin and honeydew
melon.

Individual phenolic compounds in purple pitaya
(Hylocereus sp.) fruits

Individual phenolics of the juices from Hyloce-
reus fruits are shown in Table II. The presence of
gallic acid (1) and tyrosine (3) was confirmed by
co-injection with commercially available standards
and comparison with literature values (Sakakibara
et al., 2003; Kammerer et al., 2004; Kugler et al.,
2006).

Gallic acid was observed in all genotypes, with
higher amounts in ‘Rosa’ and lowest in ‘Orejona’
and H. polyrhizus juices (Table II). Gallic acid is
a well known natural antioxidant widely spread in
plants (Wang et al., 2007) exhibiting anti-inflam-
matory, anti-fungal and anti-cancer properties
(Cháfer et al., 2007). However, to the best of our
knowledge, gallic acid has not been previously re-
ported in Hylocereus fruits.

Since amines and amino acids together with be-
talamic acid are precursors in betalain biosynthe-
sis, knowledge on the amino compound composi-
tion in betalainic fruits and vegetables is useful
(Strack et al., 2003). Therefore, the findings of ty-
rosine representing a precursor of cyclo-Dopa is
of particular interest (Table II).

Further phenolic compounds, such as ellagic
acid (8) and acetylcoumarin (15), could only be
tentatively assigned by their specific mass spectro-
metric data. Ellagic acid is common to fruits such
as raspberries, strawberries, walnuts, grapes, and
black currants (Rommel and Wrolstad, 1993; Pri-
yadarsini et al., 2002), and taking into account the
high reactivity of gallic acid, a derivative such as
ellagic acid would be expected. Additionally, four
unknown components (5, 9, 11, 24) were detected.
Considering their maximum absorbance and pre-
vious assumptions (Sakakibara et al., 2003; Mahat-
tanatawee et al., 2006), these compounds are sus-
pected to be hydroxycinnamic acid derivatives.

Nine different betalains were also detected at
280 nm, namely trace amounts of the betaxanthin
indicaxanthin (12), together with the betacyanins
betanin (16), isobetanin (17), phyllocactin I (18),
iso-phyllocactin I (19), phyllocactin II (20) descar-
boxy neobetanidin (21), decarboxylated neobeta-
nin (22), as well as a neobetanidin structure being
both dehydrogenated and decarboxylated (25). In
addition, 5,5�,6,6�-tetrahydroxy-3,3�-biindolyl (23)
previously reported in red beet peel extracts was
found. These compounds were assigned based on
UV-vis and mass spectrometric data reported in
previous studies (Kujala et al., 2001; Stintzing et
al., 2002; Herbach et al., 2004, 2005; Wybraniec,
2005; Wybraniec and Mizrahi, 2005; Wybraniec et
al., 2007).

The presence of components such as betalamic
acid (10), 2-decarboxy-cyclo-Dopa (6), malonyl-
glucoside (2), and cyclo-Dopa malonyl-glucosides
(4, 7, 13, 14) may be explained by their involve-
ment in betalain biosynthesis (Kobayashi et al.,
2001). These compounds were identified by their
UV-vis absorption maxima and mass spectromet-
ric data in compliance with previous reports (Her-
bach et al., 2004, 2005). In accordance with a very
recent study, where acyl migration was described
for betacyanins acylated with malonic acid yielding
phyllocactin I (6�-O-malonyl-betanin) and phyllo-
cactin II (4�-O-malonyl-betanin) (Wybraniec et al.,
2007), several compounds with spectrometric and
mass spectrometric data matching those of cyclo-
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Fig. 1. Phenolic profile at 280 nm for the genotypes ‘Rosa’ (A) and ‘San Ignacio’ (B). Peak assignment is given in
Table II.

Dopa malonyl-glucoside were detected. Being un-
stable when free, cyclo-Dopa was reported to react
with glucose and betalamic acid, yielding cyclo-
Dopa glucoside and betanin and its C15-isomer
isobetanin, respectively (Strack et al., 2003).
Hence, the absence of this biosynthetic precursor
in the juices is plausible. Accordingly, only trace
amounts of cyclo-Dopa glucosides were detected
in H. polyrhizus, ‘San Ignacio’, ‘Rosa’ and ‘Lisa’

(data not shown). Correspondingly, only traces
of cyclo-Dopa-3-hydroxymethylglutaryl-glucoside,
which is a hylocerenin precursor, were exclusively
found in H. polyrhizus (data not shown).

Despite previous studies giving evidence of
hylocerenin in the genus Hylocereus (Stintzing
et al., 2002; Wybraniec and Mizrahi, 2005; Wybra-
niec et al., 2007), its occurrence could only be
confirmed in H. polyrhizus where its co-elution
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with iso-phyllocactin was observed (data not
shown). Differences to earlier findings may be
due to varying environmental conditions during
cultivation.

Interestingly, decarboxylated and dehydroge-
nated betacyanins, previously described as degra-
dation products of thermally treated Hylocereus
polyrhizus fruit juices by Herbach et al. (2005) as
well as Wybraniec and Mizrahi (2005), were found
in all genotypes, although no heat treatment was
applied in the present study. Therefore, our results
indicate the inherent occurrence of both decarbox-
ylating and dehydrogenating enzyme activities in
Hylocereus fruits.

The individual chromatographic profiles of the
different genotypes may allow to distinguish the
genotypes (Table II). Representative chromato-
grams for ‘Rosa’ and ‘San Ignacio’ are shown in
Fig. 1. Colourless phenolics unrelated to betalains
ranged from 10% to 13% of the chromatogram
area at 280 nm (Table III). With respect to total
betacyanin-related compounds, significant differ-
ences among the genotypes were observed, ran-
ging from 82 to 87%. While H. polyrhizus was
characterized by a high proportion of betacyanin
precursors, amounting to 14.1%, ‘San Ignacio’ ex-
hibited the lowest ratio of 7.7% on a statistically
significant basis (Table III). Moreover, the ratios
between betalains and their precursors varied
among the genotypes as can be seen from the sum
of cyclo-Dopa malonyl-glucoside as compared to
the corresponding total phyllocactin values. A use-
ful marker for genotype differentiation appears to
be the ratio of the predominant betacyanins beta-
nin and phyllocactin I (Table III), except for ‘Lisa’
and ‘Nacional’ which seem to be closely related.
The high proportion of betanin/isobetanin in
‘Rosa’ is of particular interest, because it parallels
the antioxidant capacity values better than phyllo-
cactin thus corroborating findings by Butera et al.
(2002) postulating an important positive correla-
tion between betanin contents and bioactivity (Ta-
bles I, III).

In summary, the individual phenolic compound
profiles of six representatives of the genus Hyloce-
reus were investigated for the first time. The anti-
oxidant capacity of these fruits was found to be
mainly based on betalains, followed by their bio-
synthetic precursors and finally by other non-be-
talainic phenolics, such as gallic acid and acetyl-
coumarin. Differences among the genotypes
regarding their antioxidant activities were not only
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due to the respective betalain concentrations, but
also determined by the individual betalain profiles.
Furthermore, phenolic profiles among the geno-
types differed significantly, with the genotype
‘Rosa’ resembling H. polyrhizus.
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