Article
pubs.acs.org/JAFC

Metabolite Proﬁling of Red and White Pitayas (Hylocereus polyrhizus
and Hylocereus undatus) for Comparing Betalain Biosynthesis and
Antioxidant Activity
Dong Ho Suh,† Sunmin Lee,† Do Yeon Heo,† Young-Suk Kim,‡ Somi Kim Cho,§ Sarah Lee,*,†
and Choong Hwan Lee*,†
†

Department of Bioscience and Biotechnology, Konkuk University, Seoul 143-701, Republic of Korea
Department of Food Science and Engineering, Ewha Womans University, Seoul 120-750, Republic of Korea
§
Faculty of Biotechnology College of Applied Life Sciences, SARI, Jeju National University, Jeju 690-756, Republic of Korea
‡

ABSTRACT: Metabolite proﬁling of red and white pitayas (Hylocereus polyrhizus and Hylocereus undatus) was performed using
gas chromatography−time-of-ﬂight−mass spectrometry and ultraperformance liquid chromatography−quadrupole-time-ofﬂight−mass spectrometry with multivariate analysis. Diﬀerent species and parts of pitayas (red peel, RP; white peel, WP; red
ﬂesh, RF; and white ﬂesh, WF) were clearly separated by partial least-squares discriminate analysis. Furthermore, betalain-related
metabolites, such as betacyanins and betaxanthins, or their precursors were described on the basis of their metabolites. The
results of antioxidant activity tests [1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), and ferric reducing ability of plasma (FRAP)], total phenolic contents (TPC), total ﬂavonoid
contents (TFC), and total betacyanin contents (TBC) showed the following: RP ≥ WP > RF > WF. TPC, TFC, TBC, and
betalain-related metabolites were higher in the peel than in the ﬂesh and suggested to be the main contributors to antioxidant
activity in pitayas. Therefore, peels as well as pulp of pitaya could beneﬁcially help in the food industry.
KEYWORDS: Hylocereus polyrhizus, Hylocereus undatus, metabolite proﬁling, GC−TOF−MS, UPLC−Q-TOF−MS,
antioxidant activity, betalain biosynthesis pathway
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INTRODUCTION
Pitayas, commonly known as dragon fruit, belong to the genus
Hylocereus of the order Caryophyllales. The Hylocereus species
originate from Latin America and West Indies and are
cultivated in the tropical and subtropical regions worldwide.
There are several types of pitayas, such as Hylocereus undatus,
Hylocereus polyrhizus, and Hylocereus megalanthus. Among them,
H. undatus and H. polyrhizus are the most widely cultivated1
and have the same red fruit skin color but diﬀerent ﬂesh colors,
white and red, respectively.
Recently, the interest in the natural pigments of plants has
increased, because a natural source of pigments is considered
nutritionally important in the food processing and pharmaceutical industries, particularly when, in the food industry, red
pigments have been commonly used as food additives.
Anthocyanins and carotenoids are mainly used, while betalains
are less commonly used in food processing.2 Pitayas contain
two betalain pigments, namely, the red−violet betacyanins and
yellow−orange betaxanthins.3 These pigments are biosynthesized from tyrosine by enzymatic and spontaneous chemical
reactions.4 They are water-soluble nitrogen-containing pigments that also contain betalamic acid as the chromophore.
Furthermore, betalain pigments have been studied for their
antioxidant,5−7 chemopreventive,8 and anti-inﬂammatory activities.9
Metabolomics is used to compare the relative diﬀerences
between biological samples based on their metabolites and
changes in their environment. Metabolite analysis commonly
involves the use of multiple experimental platforms, including
© 2014 American Chemical Society

nuclear magnetic resonance (NMR) and mass spectrometry
(MS) coupled with separation techniques, such as gas
chromatography (GC), liquid chromatography (LC), and
capillary electrophoresis (CE).10 These techniques produce
large amounts of data and require data processing analyses,
combined with multivariate analysis.11 Data processing and data
analyses aﬀect the quality of metabolite identiﬁcation and
quantiﬁcation. Data analyses include multivariate analysis, such
as the clustering of metabolite proﬁles or discovering of
important diﬀerences between groups of samples, which has
been used in several previous studies. Metabolite proﬁling,
short-term responses of rice leaves,11 diﬀerent-sized Aloe vera,12
and Korean traditional meju during fermentation13 were
assessed using MS-based analysis.
The objective of this study was to investigate the diﬀerent
metabolites in red and white pitayas and compare their
antioxidant activities [1,1-diphenyl-2-picrylhydrazyl (DPPH),
2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), and ferric reducing ability of plasma
(FRAP)], total phenolic contents (TPC), total ﬂavonoid
contents (TFC), and total betacyanin contents (TBC).
Furthermore, we investigated the level of metabolites in the
betalain biosynthesis pathway and tried to ﬁnd major
metabolites contributing to antioxidant activity.
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and 50 V, respectively. Data were collected with a scan accumulation
time of 0.2 s in the centroid mode. Leucine enkephalin (10 ppm) was
used as the reference lock mass [m/z 554.2615 (−) and 556.2771 (+)]
at a ﬂow rate of 10 μL/min.
LC−ESI−IT−MS/MS analysis was performed using a Varian 500MS ion-trap mass spectrometer (Palo Alto, CA) equipped with a 212LC binary solvent delivery system, an autosampler (Prostar 410), and
a photodiode array detector (Prostar 335). The column selected was a
Varian PurSuit XRs C18 column (100 mm × 2.0 mm × 3 μm particle
size) with a MetaGuard 2.0 PurSuit XRs C18 guard column (Varian,
Lake Forest, CA). The injection volume was 10 μL; the ﬂow rate was
0.2 mL/min; and the column temperature was set at 40 °C. Elution
conditions consisted of 0.1% formic acid in water (solvent A) and 0.1%
formic acid in acetonitrile (solvent B). The initial condition was 10%
solvent B for 2 min, which was increased to 40% solvent B at 10 min,
then 70% solvent B at 20 min, and 90% solvent B at 25 min, after
which was isothermally held for 5 min, and then decreased to 10% B,
and maintained for 10 min. The total run time was 40 min. Mass
spectra were acquired using electrospray ionization (ESI) over the
range of m/z 100−1000 within both negative- and positive-ion modes.
Data Processing and Multivariate Analysis. The GC−TOF−
MS data were converted into NetCDF format (*.cdf) using the LECO
ChromaTOF software (version 4.44, LECO Corp.). The UPLC−QTOF−MS data were analyzed with MassLynx software (version 4.1,
Waters Corp.), and raw data ﬁles were converted to the NetCDF
format (*.cdf) using the MassLynx DataBridge (version 4.1, Waters
Corp.). After that, the MS data were processed using the MetAlign
software package (http://www.metalign.nl) to obtain data containing
retention times, normalized peak intensities, and accurate masses. The
resulting data were exported to an Excel ﬁle, and statistical analysis was
performed using SIMCA-P+ software (version 12.0, Umetrics, Umea,
Sweden). Partial least-squares discriminant analysis (PLS-DA) was
used to compare diﬀerent metabolites of red and white pitaya samples.
Diﬀerences in antioxidant activities, TPC, TFC, and TBC were tested
by Duncan’s multiple-range test using PASW Statistics (version 18.0,
SPSS, Inc., Chicago, IL).
Antioxidant Activity Tests. The DPPH assay was carried out
using the method by Dietz et al.,14 with some modiﬁcations. Each
pitaya extract (5 mg/mL, 20 μL) was combined with 180 μL of 0.2
mM DPPH in 80% methanol solution, and the reaction took place for
30 min at room temperature in the dark. Then, the samples were
measured at 515 nm using a microplate reader (Thermo Electron,
Spectronic Genesys 6, Madison, WI). The ABTS assay procedure
followed the method by Roberta et al.,15 with some modiﬁcations. The
7 mM ABTS solution was prepared by mixing with 2.45 mM
potassium persulfate solution. Then, the ABTS solution reaction took
place for 12 h at room temperature in the dark until it reached a stable
state. The ABTS solution was diluted in deionized water to an
absorbance of 0.7 (±0.02) at 734 nm. Each pitaya extract (5 mg/mL,
20 μL) was combined with 180 μL of 7 mM ABTS solution for 6 min
at room temperature in the dark. After that, the samples were analyzed
at 734 nm using a microplate reader. The FRAP assay was carried out
using the modiﬁed procedure by Benzie and Strain et al.,16 with some
modiﬁcations. The FRAP solution, including 10 mM TPTZ and 20
mM ferric chloride, was diluted in 300 mM sodium acetate buﬀer (pH
3.6) at a ratio of 1:1:10. Each pitaya extract (5 mg/mL, 10 μL) was
combined with 300 μL of FRAP solution, and the reaction took place
for 6 min at room temperature in the dark. Then, the samples were
analyzed at 593 nm using a microplate reader. All assays were
performed in triplicate. For each antioxidant activity test, a Trolox
aliquot was used to develop a 0.0156−0.5 mM standard curve, and all
data were expressed as Trolox equivalents (mM).
Determination of TPC, TFC, and TBC. TPC and TFC were
determined as described by Singleton et al.,17 with some modiﬁcations.
To measure TPC, 20 μL of each sample was combined with 100 μL of
0.2 N Folin and Ciocalteu’s reagent placed in 96-well plates for 6 min
at room temperature in the dark. Then, 80 μL of 7.5% sodium
carbonate solution was added to the 96-well plate. The mixture was
allowed to stand for 1 h at room temperature and analyzed at 750 nm
using a microplate reader. The results are presented as the gallic acid

MATERIALS AND METHODS

Chemicals and Reagents. Methanol, acetonitrile, hexane, and
water were purchased from Fisher Scientiﬁc (Pittsburgh, PA).
Methoxyamine hydrochloride, N-methyl-N-(trimethylsilyl)triﬂuoroacetamide (MSTFA), formic acid, pyridine, potassium
persulfate, ABTS, DPPH, 6-hydroxy-2,5,7,8-tetramethylchromane-2carboxylic acid (Trolox), 2,4,6-Tris(2-pyridyl)-striazine (TPTZ),
iron(III) chloride hexahydrate, sodium acetate, acetic acid, sodium
carbonate, sodium hydroxide, naringin, gallic acid, Folin and
Ciocalteu’s phenol reagent, diethylene glycol, and standard compounds were obtained from Sigma Chemical Co. (St. Louis, MO).
Plant Materials. Red and white pitayas (H. polyrhizus and H.
undatus) were collected from a farm near Hallim Park, Jeju Island, in
October 2007. All fruits were washed with distilled water and wiped
with paper. Fruit was cut into two portions and separated into peel and
ﬂesh. Many seeds were embedded in the ﬂesh. Pitaya samples were
freeze-dried over 3 days and stored at below −20 °C before
experiment. Four biological replications of each red and white pitaya
sample were used in this study.
Sample Preparation. Freeze-dried samples were powdered using
a mortar and pestle. Each ground sample (0.2 g) was extracted with
80% methanol by sonication for 30 min and then using a twist shaker
(BioFree, Seoul, Korea) for 6 h at room temperature. After extraction,
the extract was centrifuged at 5000 rpm for 15 min at 4 °C (Hettich
Zentrifugen Universal 320, Tuttlingen, Germany). The supernatant
was ﬁltered through a 0.2 μm polytetraﬂuoroethylene (PTFE) ﬁlter
and dried up using a speed vacuum concentrator (Biotron, Seoul,
Korea). The ﬁnal concentration of samples was 10 mg/mL with 80%
methanol for ultraperformance liquid chromatography−quadrupoletime-of-ﬂight−mass spectrometry (UPLC−Q-TOF−MS) and liquid
chromatography−electrospray ionization−ion trap−tandem mass
spectrometry (LC−ESI−IT−MS/MS) analyses. For gas chromatography−time-of-ﬂight−mass spectrometry (GC−TOF−MS) analysis,
the dried extracts had to undergo oximation and silylation. The dried
extracts were oximated with 50 μL of methoxyamine hydrochloride in
pyridine (20 mg/mL) for 90 min at 30 °C using a thermomixer
(Eppendorf, Hamburg, Germany). After oximation, silylation was
performed with 50 μL of MSTFA for 30 min at 37 °C using a
thermomixer. Three analytical replications of each sample were used.
GC−TOF−MS Analysis. An Agilent 7890A GC system equipped
with an Agilent 7693 autosampler (Agilent, Atlanta, GA) was coupled
with a Pegasus HT TOF-MS (LECO Corp., St Joseph, MI). A Rtx5MS capillary column (30 m × 0.25 mm × 0.25 μm particle size,
Restek Corp., Bellefonte, PA) was used with a constant ﬂow of 1.5
mL/min of helium. The front inlet and transfer line temperatures were
set at 250 and 240 °C, respectively. The oven temperature was held at
75 °C for 2 min, followed by 300 °C from 2 to 17 min, with a 15 °C/
min hold, and a ﬁnal holding for 3 min. The electron ionization was set
at 70 eV, and the mass spectra were recorded over the range of m/z
50−600. A total of 1 μL of derivatized samples was injected into GC−
TOF−MS with a split ratio of 20:1.
UPLC−Q-TOF−MS and LC−ESI−IT−MS/MS Analyses. UPLC−
Q-TOF−MS analysis was performed using a Waters Micromass QTOF Premier with an UPLC Acquity system (Waters, Milford, MA)
equipped with a binary solvent delivery system, an autosampler, and an
ultraviolet (UV) detector. The column selected was an Acquity UPLC
BEH C18 column (100 mm × 2.1 mm × 1.7 μm particle size, Waters
Corp.). The injection volume was 5 μL; the ﬂow rate was 0.3 mL/min;
and the column temperature was set at 37 °C. Elution conditions
consisted of 0.1% formic acid in water (solvent A) and 0.1% formic
acid in acetonitrile (solvent B). The initial condition was 5% solvent B
for 1 min, gradually increasing to 100% over 9 min, maintained at
100% B for 1 min, and then decreased to 5% over 3 min. The total run
time was 13 min. The Waters Q-TOF Premier (Micromass MS
Technologies, Manchester, U.K.) MS data were collected in the range
of m/z 100−1000 within negative- and positive-ion modes. The source
temperature was 100 °C, and the desolvation gas (nitrogen) was set to
600 L/h at a temperature of 200 °C; the cone gas (nitrogen) was set
to 50 L/h. The capillary voltage and cone voltage were set at 2.5 kV
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Figure 1. PLS-DA score plots and loading plots of red and white pitaya samples analyzed using (a and b) GC−TOF−MS and (c and d) UPLC−QTOF−MS. RF, red ﬂesh; WF, white ﬂesh; RP, red peel; and WP, white peel. Loading plot variable numbers are the same as the metabolite numbers
shown in Tables 1 and 2.
equivalent concentration (31.25−500 ppm). TFC was measured as
follows: 20 μL of 1 N NaOH, 180 μL of 90% diethylene glycol, and 20
μL of each sample were mixed and incubated for 60 min in the dark in
96-well plates. Then, the samples were analyzed at 450 nm using a
microplate reader. The results are presented as the naringin equivalent
concentration (15.625−200 ppm). TBC was measured using the
method by Cai et al.,18 with some modiﬁcations. The pitaya-dried
extracts were calculated and expressed as betanin equivalents (mg/100
g of dried extract weight) using the following formula: concentration
of betacyanins = A538(MW)V(DF) × 100/εLW, where A538 is the
absorbance at 538 nm (λmax), MW = 550, V is the dried extract
solution volume (mL), DF is the dilution factor, ε (molar extinction
coeﬃcient) = 65 000, L (path length) = 1.0 cm, and W is the dried
extract weight (g). All assays were performed in triplicate.

According to GC−TOF−MS analysis, the PLS-DA score
plot showed the separation of each sample with R2X = 0.693,
R2Y = 0.98, and Q2 = 0.971 (Figure 1a). The cross-validation
results were R2Y intercept = 0.3687, Q2Y intercept = −0.464 18,
and p value < 0.05. The diﬀerent parts of pitayas were separated
using PLS 1 (49.1%), and the diﬀerent species were separated
using PLS 2 (7.5%). Diﬀerent metabolites were identiﬁed on
the basis of their retention times and mass fragmentation in
comparison to standard compounds (Table 1). A total of 29
metabolites were present, including 15 amino acids and amines,
4 organic acids, 8 sugars and sugar alcohols, and 2 fatty acids.
These metabolites were signiﬁcantly distinguished between
diﬀerent parts, while ethanolamine (3), proline (4), serine (6),
threonine (7), aspartic acid (8), γ-aminobutyric acid (GABA)
(9), glutamic acid (10), phenylalanine (11), glutamine (12),
tyrosine (13), L-DOPA (14), tryptophan (15), succinic acid
(16), fumaric acid (17), malic acid (18), xylitol (21), rhamnose
(22), and fucose (23) were separated on the basis of the
species. Primary metabolites are directly involved in fruit
growth, development, taste, and reproduction and are also
important as the precursors of secondary metabolites.4,19 In
pitayas, several soluble sugars and organic acids aﬀect fruit taste
and, thereby, aﬀect fruit quality. In particular, glucose, fructose,
and citric acid mainly aﬀected fruit taste.20 Sugars, such as
glucose and fructose, are associated with the sweet taste of
fruits,21 and citric acid is the major compound that contributes
to fruit acidity.22 Amino acids and amines are also responsible
for fruit taste and, as betaxanthin precursors, are important for
better understanding betalain biosynthesis.4 Primary metabolites, such as amino acids, organic acids, and fatty acids, were

■

RESULTS AND DISCUSSION
Metabolite Proﬁling of Red and White Pitaya Samples
by GC−TOF−MS and UPLC−Q-TOF−MS. Diﬀerent species
of pitaya samples were analyzed using GC−TOF−MS and
UPLC−Q-TOF−MS with multivariate analyses. The characteristics of the data sets were represented using PLS-DA (Figure
1). The pitaya samples were separated using PLS-DA according
to not only the diﬀerent parts (peel and ﬂesh) but also species
(red and white). Metabolite proﬁling of the samples was used
to investigate the diﬀerent metabolites according to their
species (red and white) and parts (peel and ﬂesh). To
discriminate signiﬁcantly diﬀerent metabolites between diﬀerent parts and species, variable importance in projection (VIP)
of >0.7 and p value of <0.05 were used to select the variables in
PLS-DA. The selected variables were identiﬁed and presented
in loading plots (panels b and d of Figure 1).
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Table 1. Diﬀerent Metabolites in Red and White Pitayas Derived from the PLS-DA Model of the GC−TOF−MS Analysis
compound number

tRa (min)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

5.24
6.44
6.94
7.22
7.34
7.84
8.09
9.22
9.30
10.01
10.10
11.17
12.33
13.38
14.11

16
17
18
19

7.37
7.66
8.97
11.52

20
21
22
23
24
25
26
27

10.41
10.67
10.84
10.91
11.96
12.26
12.50
12.79

28
29

14.09
15.08

metabolitesb

MS fragment ion (m/z)

Amino Acids and Amines
alanined
73, 100, 116, 147
valined
52, 73, 144, 147
ethanolamined,e
59, 73, 86, 100, 147, 174
prolined,e
59, 73, 142, 143
glycined
73, 100, 147, 245
serined,e
73, 100, 147, 204, 218
threonined,e
57, 73, 75, 101, 117, 147
aspartic acidd,e
73, 75, 100, 147, 232
GABAd,e
73, 75, 100, 147, 156, 174
glutamic acidd,e
73, 75, 128, 147, 156, 246
phenylalanined,e
73, 75, 100, 147, 192, 218
glutamined,e
73, 75, 147, 155, 156
tyrosined,e
59, 73, 100, 103, 147, 218
d,e
L-DOPA
59, 73, 100, 101, 133, 218, 219
tryptophand,e
55, 73, 100, 116, 131, 202
Organic Acids
succinic acidd,e
55, 73, 75, 147, 247
fumaric acidd,e
58, 73, 75, 83, 147, 245
malic acidd,e
73, 101, 117, 133, 233, 245
citric acidd
73, 133, 147, 245, 273
Sugars and Sugar Alcohols
arabinosed
59, 73, 75, 103, 117, 147, 217
xylitold,e
59, 73, 75, 103, 129, 147, 217
rhamnosed,e
73, 75, 103, 117, 129, 147, 217
fucosed,e
59, 73, 75, 86, 117, 147, 174
fructosed
59, 73, 75, 89, 103, 147, 217
glucosed
59, 73, 89, 103, 117, 129, 147, 319
glucuronic acidd
59, 73, 89, 133, 147, 160, 333
gluconic acidd
59, 73, 103, 117, 133, 147, 205, 217
Fatty Acids
stearic acidd
55, 75, 117, 129, 131
oleamided
55, 75, 116, 128, 131, 144

derivatizedc
TMS(X1)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X3)
TMS(X2)
TMS(X3)
TMS(X3)
TMS(X6)
TMS(X3)
TMS(X2)
TMS(X2)
TMS(X3)
TMS(X4)
TMS(X4)
TMS(X5)
TMS(X4)
TMS(X4)
MeOX TMS(X5)
MeOX TMS(X5)
TMS(X3)
TMS(X5)
TMS(X1)
TMS(X1)

a
tR = retention time. bMetabolites = metabolites were identiﬁed using STD (standard compound) and selected according to VIP > 0.7 and p value <
0.05. cDerivatized = TMS, trimethylsilyl; MeOX, methyloxime. dDiﬀerent metabolites separated between peel and ﬂesh from PLS-DA score plot by
VIP 1. eDiﬀerent metabolites between red and white pitayas derived from PLS-DA score plot by VIP 2.

relatively higher in the peel than in the ﬂesh (Figure 2). The
levels of organic acids, such as succinic acid (16), fumaric acid
(17), malic acid (18), and citric acid (19), were higher in the
peel, while the levels of fructose (24) and glucose (25) were
higher in the ﬂesh. In a previous study, fructose and glucose
were the main sugars, and their levels were signiﬁcantly high in
pitaya ﬂesh.1 The fatty acids stearic acid (28) and oleamide
(29) were detected, and their levels were higher in the peel
than in the ﬂesh, in both red and white pitaya. According to a
study, red and white pitaya seed oils have essential fatty acids
and two oleic acid isomers.23 Essential fatty acids are important
in that they are necessary fatty acids in animal metabolism and
cannot be synthesized in vivo.24
In the UPLC−Q-TOF−MS analysis, the PLS-DA score plot
showed the distribution of each pitaya sample (RP, WP, RF,
and WF) with R2X = 0.479, R2Y = 0.982, and Q2 = 0.959
(Figure 1c). The cross-validation results were R2Y intercept =
0.3716, Q2Y intercept = −0.291 94, and p value < 0.05.
Diﬀerent parts and species were separated using PLS 1 (36.4%)
and PLS 2 (6.7%), respectively. A total of 37 metabolites were
tentatively identiﬁed using measured mass, retention time,
elemental composition, i-FIT, MSn fragments, and λmax data
obtained using UPLC−Q-TOF−MS and LC−ESI−MS/MS by

standard compounds and references (Table 2). A total of 17
metabolites, including betanin (30), phyllocactin (32),
betanidin (38), lampranthin II (40), tricarboxylated hylocerenin (41), decarboxylated neohylocerenin (42), dehydrogenated, decarboxylated neohylocerenin (44), neohylocerenin
(45), miraxanthin V (49), 3-methoxytyramine−betaxanthin
(50), phenylalanine−betaxanthin (51), portulacaxanthin II
(52), dopamine (53), dopamine quinone (54), phlorizin
(60), and two unknown metabolites (61 and 62) were
signiﬁcantly diﬀerent between the parts (peel and ﬂesh),
whereas six metabolites, including bidecarboxylated hylocerenin
(46), L-tryptophan (57), and four unknown metabolites (63−
66), were signiﬁcantly diﬀerent between the species (red and
white). Betalain-related metabolites were divided into three
types, such as betacyanins, betaxanthins, and their precursors.
Betalains have been important criteria for the classiﬁcation of
members of the order Caryophyllales. These pigments replace
the anthocyanins in the plants of most families of
Caryophyllales.4 The structure of betacyanin showed the
dihydropyridine moiety with some variations in the acyl groups
and sugar moieties, while betaxanthin exhibited the same
dihydropyridine moiety but showed conjugation with several
amines and amino acids (Figure 3).25 The maximum
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Figure 2. Betalain biosynthesis pathway and relative contents of metabolites in diﬀerent pitaya samples. RF, red ﬂesh; WF, white ﬂesh; RP, red peel;
and WP, white peel. The y axis of the histogram represents peak areas. Red−violet boxes are betacyanins, and yellow boxes are betaxanthins. Large
characters represent the main betalain precursors. Diﬀerent letters are signiﬁcantly diﬀerent by Duncan’s multiple-range test. The pathway was
modiﬁed from the KEGG database (http://www.genome.jp/kegg/).

pigments has been shown to be higher than that of rutin,
ascorbic acid, and catechin, which are known high antioxidant
compounds.32 Cai et al. discussed that betalain molecules were
very good electron donors. The position of hydroxyl groups or
glycosylation of betalain aglycones and numbers of hydroxyl
(−OH) or imino (NH) groups in the molecular structure led
to higher antioxidant activity.32 In this study, most of the
betacyanins (30−46) were higher in the peel of both pitaya
species than in their ﬂesh (Figure 2). These data suggest that
there are positive correlations between TPC, TFC, TBC, and
betalain-related metabolites and antioxidant activity.
Betalain Biosynthesis Pathway and Relative Contents
of Metabolites in Diﬀerent Pitaya Samples by GC−TOF−
MS and UPLC−Q-TOF−MS Analyses. To investigate the
betalain biosynthesis pathway of diﬀerent metabolites in red
and white pitayas, betalain biosynthesis-related metabolites
were obtained using GC−TOF−MS and UPLC−Q-TOF−MS
analyses. Several metabolites were detected by target analysis
for the supplemented betalain biosynthesis pathway. Each
relative level of metabolites was represented by its peak area
(Figure 2). According to Figure 2, betalain biosynthesis-related
metabolites and their precursors were higher in the peel than in
the ﬂesh. To explain the betalain biosynthesis pathway in detail,
we used tyrosine and L-DOPA because they are the two
important precursors of betalain pigments.4,33 L-DOPA is
converted to betalamic acid, which is an important
chromophore of both betacyanins and betaxanthins.4 CycloDOPA and its derivatives are essential to produce betacyanin.
Betanidin, the aglycone of betanin, mediates condensation of
cyclo-DOPA with betalamic acid.4 According to the betanin
(30) biosynthesized pathway in this study, in most of the

absorption of betaxanthins varied between 460 and 480 nm,
depending upon the structure of the amino acid compound. On
the other hand, in comparison to betaxanthins, betacyanins
showed a diﬀerent maximum absorption shift of 50−70 nm
because of the aromatic structure of cyclo-DOPA.26
Comparison of Antioxidant Activity Tests (DPPH,
ABTS, and DPPH), TPC, TFC, and TBC of Red and
White Pitaya Samples. Several assays, including the
antioxidant activity tests (DPPH, ABTS, and FRAP), TPC,
TFC, and TBC, were performed using both the red and white
pitaya samples (Figure 4). The results of the antioxidant activity
tests were as follows: RP ≥ WP > RF > WF. Similar results
have been shown in other previous studies as well.6,7,27 The
TPC and TFC results were as follows: RP ≥ WP > RF > WF.
The TPC and TFC of the peel of both red and white pitayas
were approximately 2- and 3-fold higher than those of the ﬂesh
in red and white pitayas. The TBC result was as follows: RP >
WP > RF > WF; this result reﬂects the sample pigment
concentration. Pitayas have two betalain pigments, i.e., red−
violet betacyanins and yellow−orange betaxanthins.4 Betacyanins have antioxidant and radical-scavenging activities.7,27
Furthermore, they contribute to certain oxidative, stress-related
disorders.7 Betaxanthins also have antioxidant activity and are
used as food colorants and essential dietary amino acids by the
simple technique of semi-synthesis.28 Recently, several studies
on the antioxidant activity of puriﬁed betalain-related
compounds, such as betanin, decarboxylated betanin, neobetanin, betanidin, indicaxanthin, miraxanthin V, and 3methoxytyramine−betaxanthin, were evaluated using the
DPPH and ABTS assays in plants of the order Caryophyllales.29−31 Furthermore, the antioxidant activity of betalain
8768

dx.doi.org/10.1021/jf5020704 | J. Agric. Food Chem. 2014, 62, 8764−8771

Journal of Agricultural and Food Chemistry

Article

Table 2. Metabolites in Red and White Pitayas Derived from the PLS-DA Model of the UPLC−Q-TOF−MS and LC−ESI−IT−
MS/MS Analyses
UPLC−Q-TOF−MS
compound
number

tentative metabolites

tRa
(min)

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

betaninc
decarboxylated betanind
phyllocactinc
decarboxylated phyllocactind
neobetanind
decarboxylated neobetanind
decarboxylated hylocerenind
neophyllocactinc
betanidinc
tridecarboxylated neobetanind
lampranthin IIc
tridecarboxylated hylocereninc
decarboxylated neohylocereninc
dehydrogenated,tridecarboxylated neobetanind
dehydrogenated, decarboxylated neohylocereninc
neohylocereninc
bidecarboxylated hylocerenine

2.52
2.80
2.83
2.84
2.87
2.90
3.04
3.09
3.98
3.55
3.78
3.98
4.09
4.12
4.18
5.39
9.72

47
48
49
50
51
52

indicaxanthind
dopaxanthind
miraxanthin Vc
3-methoxytyramine−betaxanthinc
phenylalanine−betaxanthinc
portulacaxanthin IIc

53
54
55
56
57
58
59

dopaminec
dopamine quinonec
3-methoxytryamined
cyclo-DOPAd
e
L-tryptophan
betalamic acidd
cyclo-5-O-glucosided

60

phlorizinc

61
62
63

NIc,f
NIc,f
NIe,f

Betacyanins
551.15
507.15
637.15
593.16
549.13
505.16
651.20
635.14
389.14
417.17
727.20
563.34
649.33
415.15
647.16
693.31
607.26
Betaxanthins
2.58
309.11
2.74
391.11
3.06
347.13
3.49
361.14
3.76
359.12
3.86
375.12
Betalain Precursors
1.16
137.06
1.18
152.06
1.21
168.11
1.69
196.09
3.14
205.10
3.35
212.06
3.72
358.12
Flavonoids
4.24
437.14
Unknowns
3.13
188.07
6.85
409.16
5.79
631.28

64
65
66

NIe,f
NIe,f
NIe,f

6.84
7.66
9.33

[M + H]+

LC−ESI−IT−MS/MS

elemental
composition

i-FIT
(norm)

C24H27N2O13
C23H27N2O11
C27H29N2O16
C26H29N2O14
C24H25N2O13
C23H25N2O11
C29H35N2O15
C27H27N2O16
C18H17N2O8
C21H25N2O7
C34H35N2O16
C27H35N2O11
C29H33N2O15
C21H23N2O7
C29H31N2O15
C30H33N2O17
C28H34N2O13

2.1
2.7
2.0
5.3
3.3
2.9
2.8
3.1
0.3
3.4
2.8
4.9
4.4
2.1
4.1
1.1
1.8

C14H17N2O6
C18H19N2O8
C17H19N2O6
C18H21N2O6
C18H19N2O6
C18H19N2O7

3.1
2.0
3.1
2.4
1.7
4.7

C8H10NO2
C8H9O2
C9H14NO2
C9H10NO4
C11H13N2O2
C9H10NO5
C15H20NO9
C21H25O10

[M + H]+ MSn
fragments (m/z)

λmax

IDb

389

534

593, 551, 389
549, 389, 345

530
533

343, 299, 255

454

591, 549, 387
343, 326, 297

484
538

631, 343, 299

452

341
387, 343
563, 547, 461, 301

410
491
504

STD37
ref 37
ref 37
ref 37
ref 37
ref 37
ref 37
ref 37
ref 38
ref 37
ref 36
ref 37
ref 37
ref 37
ref 37
ref 37
ref 37

292, 246

475

315, 298

363
420

ref
ref
ref
ref
ref
ref

4
27
4
39
4
4

1.6
1.0
1.3
2.0
1.2
1.6
3.1

ref
ref
ref
ref
ref
ref
ref

39
39
39
40
39
38
38

1.0

ref 6

599, 441, 382, 368,
355

256

425.14
583.28
228.23

a
tR = retention time. bID = STD, standard compound; ref, reference. cDiﬀerent metabolites separated between peel and ﬂesh from PLS-DA score
plot by VIP 1. dTargeted metabolites for the betalain biosynthesis pathway. eDiﬀerent metabolites between red and white pitayas derived from PLSDA score plot by VIP 2. fNI = not identiﬁed.

Betalamic acid was also condensed with amino acid or amine
to give rise to a concentration of betaxanthins.34 Amino acids,
such as alanine, valine, proline, glycine, serine, glutamic acid,
phenylalanine, glutamine, tyrosine, and tryptophan, are
prerequisites for better understanding betaxanthin biosynthesis.4 Betaxanthin was higher in the peel than in the ﬂesh
of both pitaya samples, because, together with betalamic acid,
amino acids, such as alanine (1), valine (2), proline (4), glycine
(5), serine (6), glutamic acid (10), phenylalanine (11),
glutamine (12), tyrosine (13), and tryptophan (15), are
condensed and may produce betaxanthins. Citric and ascorbic

samples, the levels of betalain precursors and aglycone (13, 38,
56, and 58), except that of L-DOPA (14), were as follows: RP
≥ WP > RF > WF. Several metabolites, such as betanin (30),
decarboxylated betanin (31), phyllocactin (32), decarboxylated
hylocerenin (36), neophyllocactin (37), tridecarboxylated
neobetanin (39), dehydrogenated, decarboxylated neohylocerenin (44), bidecarboxylated hylocerenin (46), indicaxanthin
(47), dopaxanthin (48), dopamine (53), dopamine quinone
(54), and cyclo-5-O-glucoside (59), were not present in WF
but were identiﬁed in other parts (RP, WP, and RF) because
they were betalain-related metabolites or their precursors.
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Figure 3. Two classes of betalains: (a) betacyanins and (b)
betaxanthins. Both groups are condensation products from the
precursor betalamic acid. R1 and R2 represent the functional groups
(amino acids, amines, sugars, and decarboxyl sugars).
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acids were higher in the peel than in the ﬂesh of both pitaya
samples. They are used as an additive for betalain stabilization
in the food industry.25,35 As a result, primary metabolites could
help in understanding betalain biosynthesis-related metabolites
as precursors and the stability of the betalain pigments and
providing nutrient information on the diﬀerent parts.
In conclusion, our study characterized diﬀerent metabolites
according to not only diﬀerent species (red and white) but also
diﬀerent parts (peel and ﬂesh) of pitayas by metabolite proﬁling
(GC−TOF−MS and UPLC−Q-TOF−MS with multivariate
analysis). Furthermore, through the MS-based metabolite
proﬁling, we investigated the diﬀerent metabolites and their
relative contents in both red and white pitayas. The relative
contents of primary and secondary metabolites within the
betalain biosynthesis pathway were also explained. Thus,
primary metabolite analysis could help in understanding
betalain biosynthesis and the precursors and explaining the
nutrient information on diﬀerent parts of both pitaya species.
Most of the betalain-related metabolites were signiﬁcantly
higher in the peel than in the ﬂesh of pitayas. The results of the
antioxidant activity tests (DPPH, ABTS, and DPPH), TPC,
TFC, and TBC also showed higher metabolite contents in the
peel than in the ﬂesh of pitayas. As a result, betalain-related
metabolites were suggested to be the main contributors to
antioxidant activity in pitaya samples.
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