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Tacinga inamoena (K. Schum.) [N. P. Taylor & Stuppy] is a native Cactaceae from the semiarid region of
Northeastern Brazil whose fruit is eaten by the local population. It seems that there is a significant
amount of functional compounds such as polyphenols and betalains in this fruit as reported for other
well-known cacti. Although there are not enough studies that have been conducted, it has attracted
interest regarding nutritional and functional viewpoints. In this sense, changes in bioactive compounds
during maturation need to be evaluated as this fruit faces very unstable conditions during its
development, which can lead to drastic changes of the constituents in the pulp and peel. Thus, the
objective of this study was to evaluate the content of bioactive compounds and antioxidant activity
during the maturation of Tacinga inamoena fruit from fruit bearing plants grown under Brazilian
semiarid conditions. The contents of total chlorophyll declined parallel to an increase of the total
carotenoids, yellow flavonoids, and betalains. However, a sharp difference between the content of these
pigments in the peel and pulp was observed which characterized the main changes during fruit
maturation. This fruit presented considerable carotenoid content, reaching 348 ug/100 g in the peel and
29 pg/100 g in the pulp when fully ripe. Total antioxidant activity (TAA) was higher in the pulp of more
mature fruit. TAA was correlated with the bioactive compounds, with the exception of betacyanins,
which were betalains present in smaller amounts in this fruit.
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INTRODUCTION

The Brazilian semiarid region has several species of native peculiar aroma and flavor, but mainly for the presence of
fruit with great potential for exploitation, not only due to their compounds with functional appeal, and which are still
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unexplored (Silva et al., 2009; Dantas et al., 2013). Tacinga
inamoena, known as quipa, cumbeba, or gogdia, is a
native Cactaceae in Northeastern Brazil that is found
throughout almost all of the semiarid region (Lima, 1989),
and is one species whose fruit composition needs to be
further studied, although it has been recognized as a po-
tential source of functional compounds (Silvaetal., 2009).

The differential in quality of cactus fruit is due to the
profile of antioxidant compounds, especially those from
the Opuntia genus, which present betalain pigments and
phenolic compounds such as flavonoids and phenolic
acids (Stintzing et al., 2005; Kim et al., 2011; Dhaouadi et
al., 2013). How these compounds act in reducing oxi-
dative stress may vary according to their physicochemical
properties, medium conditions, and inflammatory bio-
markers such as COX-2 (cyclooxygenase-2) and iNOS
(inducible Nitric Oxide Synthase), whose regulation is
dependent upon the extract dose and action time
(Tesoriere et al., 2005; Tenore et al., 2012; Kim et al.,
2013; Allegra et al., 2014).

Among cactus compounds, betalains stand out as one
of the main constituents. Betacyanins are the class that
give color ranging from red to pinkish, and betaxanthins
correspond to color ranging from yellow to orange
(Gandia-Herrero and Garcia-Carmona, 2013). T.
inamoena fruit presents a significant amount of the
betaxanthin group (Dantas et al., 2015). However, due to
their simultaneous occurrence in most fruits, their
combination results in the development of a very peculiar
color, which wusually becomes evident during the
maturation of the fruit (Castellar et al., 2012). Because of
these events, fruits generally increase their antioxidant
status by the preponderant accumulation of one of these
classes. Opuntia fruit with yellow-orange pulp or peel
exhibit high amounts of indicaxanthin (Stintzing and
Carle, 2007). When isolated, betaxanthins have
antioxidant and anti-inflammatory properties, which
contribute to the development of products that can
reduce the development of oxidative stress (Kim et al.,
2013; Naselli et al., 2014), showing antigenotoxic and
chemoprotective effects (Brahmi et al., 2011, 2012).

Fruit bearing plants of Brazilian biodiversity have been
poorly studied, even though the research in the botany,
ethnobotany, and floristic fields has brought valuable
information that support further studies aiming to add
value through sustainable use (Lucena et al., 2013;
Oliveira et al., 2012). Furthermore, they have the potential
to go beyond these aspects and bring insights toward
health promotion, such as the profile and quantification of
bioactive compounds to support further studies by
performing in vivo evaluation about aspects such as
functionality and bioavailability. The Opuntia genus in

Brazil presents great exploitation potential, especially its
fruits (Silva et al., 2009), which are internationally valued
and recognized as important sources of pigments,
vitamins, sugars, and gelling materials (pectins). The vast
exploitation potential is, above all, due to their antioxidant
properties (Cha et al., 2013; Dantas et al., 2015), which
can be differentiated according to fruit portion (Osorio-
Esquivel et al., 2011) and maturation (Cayupan et al.,
2011; Castellar et al., 2012).

Although knowing that maturation is a complex process
defined genetically and mainly controlled by hormones
and environmental conditions, major compounds in the
peel and pulp of cactus fruits drastically change during
this process, modifying the antioxidant status in response
to the increase or decrease of antioxidant compounds.
For Opuntia megacantha, the increase of ascorbic acid,
phenolic compounds, and betalains was highly correlated
with the antioxidant properties (Cayupan et al., 2011). In
the same way, Opuntia stricta fruit present a remarkable
amount of betalains (mainly betacyanin), which are
synthetized during fruit development and evolve until
completely changing the whole color of the fruit when the
highest antioxidant potential is reached (Castellar et al.,
2012). Thus, for both cases the screening of non-
traditional fruits must start with monitoring major
compounds that are mostly responsible for contributing to
health promotion.

Considering this, T. inamoena fruit represent an
increased interest in the search to identify compounds with
health promotion appeal, as well as for application in the
composition of food products (Saénz et al.,, 2009;
Fernandez-Lopez et al., 2010). Overall, these aspects are
set as an important tool to add value that would increase
and/or diversify the use of Cactaceae fruits in the semiarid
region of Northeastern Brazil. In this sense, this study
evaluates the content of bioactive compounds and
antioxidant activity during the maturation of Tacinga
inamoena fruit from fruit bearing plants grown under
Brazilian semiarid conditions.

MATERIALS AND METHODS
Plant material

Fruit from T. inamoena plants were collected in two areas of natural
occurrence located in the microregion of Curimatad, State of
Paraiba, Brazil, where plants are irregularly distributed in
communities. After collection early in the morning, fruit that presented
several maturation patterns without any visual defect were
submitted to classification based on the evolution of the peel color
inherent to the fruit's development. Thus, maturation was classified
into six stages: 1 - Entirely green coloration; 2 - Light green
coloration; 3 - Predominantly green coloration with yellow nuances;
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4 - Yellowish coloration with pink nuances; 5 - Pink coloration with
yellow nuances, and 6 - Pink coloration with orange nuances. Forty
fruits were used per replicate (= 450 g) for each maturity stage. The
fruit was processed, making the separation between peel (epicarp)
and pulp (mesocarp + pulp with seeds), and seeds were manually
separated. Samples were kept at -18 °C until time of assessment.

Bioactive compounds

The total chlorophyll content was spectrophotometrically
determined at 652 nm according to Dantas et al. (2013), and the
results were expressed in mg/100 g. For total carotenoids, readings
were performed at 450 nm and the results were expressed in
1g/100 g of fresh matter according to Higby (1962).

Betalain content was performed spectrophotometrically using
Nilson’s (1970) equations. Extracts obtained from fruit at each
maturity stage were prepared using water as the extractor solution.
After the samples were weighed and mixed in distilled water, they
were centrifuged at 12,000 rpm for 25 min at 4 °C. The
supernatants were stored and the residue was re-extracted twice
more. The resulting supernatants were mixed, and the final volume
was adjusted to 30 mL with distilled water, and then analyzed
immediately afterwards. The absorbance of the extracts was
measured at 476, 538 and 600 nm, and the betalain content
(mg/100 g) was estimated by the following equations: x = 1.095(Asss
- Aeoo) ey = -0.258 x Aszg + Asze - 0.742 x Agoo. Finally, the
betacyanin content was obtained by BTC = (x x R x 100)/1120, and
betaxanthin by BTX = (y x R x 100)/750, where R is the dilution
factor, and E1% = 1120 and Ei%, = 750 the extinction coefficients
for betanin and vulgaxantina-|, respectively.

The vyellow flavonoid content was spectrophotometrically
determined at 374 nm according to Dantas et al. (2013). About 1.0
g of fresh weight was added to 10.0 mL of extract solution
composed of 95% ethanol and 1.5 N HCI in the ratio of 85:15 (v/v).
The results were expressed as mg/100 g fresh weight.

Total extractable polyphenols and antioxidant activity was
performed according to Silva et al. (2012). Samples were then
mixed with 4 mL of 50% methanol, and the tubes were shaken for 1
minute, followed by 1-h rest. Afterwards, the extract was centrifuged
at 4°C and 15,000 rpm for 15 min. The supernatant was kept, 4 mL
of 70% acetone was added to the residue, and then it was
subjected to the same procedure. The supernatants were put
together and the final volume was adjusted to 10 mL by adding
distilled water. The extracts were kept at -20°C until analysis.

The total extractable polyphenol content was determined using a
spectrophotometer by Folin-Ciocalteu’s method, with modifications
(Silva et al., 2012). Based on a previous study, an aliquot of 300 pL
of the extract was used for all maturity stages, which was diluted to
1000 pL with distilled water. The oxidation was performed by
adding 1 mL of Folin-Ciocalteu’s reagent in distilled water (1:3, v:v),
followed by neutralization with 2.0 mL of 20% sodium carbonate,
and adding 2.0 mL of distilled water. The reading was performed at
700 nm after being kept in the dark for 30 min at room temperature.
The estimated content of phenolic compounds was performed using
a standard curve of gallic acid (R° = 0.99), and the results
expressed in mg of gallic acid per 100 g of fresh weight.

Total antioxidant activity

Total antioxidant activity of extracts was determined by a, a-
diphenyl-B-picrylhydrazyl (DPPH) free radical scavenging method
(Dantas et al., 2013). Three dilutions (2000, 6000, and 8000 mg/L)
were prepared in triplicate by previous tests based on the standard
curve of DPPH’ (0 - 60 uM DPPH; R?=0.99). From each dilution, an
aliquot of 0.1 mL added to 3.9 mL of DPPH’ radical (60 uM) was
used. An amount of 100 pL of the control solution composed of 4
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mL 50% methanol, 4 mL 70% acetone, and 2 mL distilled water
was used. Pure methyl alcohol was set as blank (Genesys™ 10S
UV-VIS), and reads were performed at 515 nm. Results were
expressed by the ECso value, which aims to provide numerical
parameters of how much fresh fruit weight is able to provide
antioxidants and verify their effectiveness in scavenging DPPH’ free
radical (g of fruit/g DPPH").

Statistical analysis

The experiment was designed as completely randomized with
factorial arrangement of 2x6 for all variables (two fruit portions and
six maturity stages), except for the antioxidant activity and content
of phenolic compounds, which were only analyzed in the pulp. All
variables were analyzed considering six repetitions. Data were
submitted to analysis of variance by F test (p < 0.05) and Pairwise
Correlations using the JMP® software (SAS Institute Inc. 2012).
Results were expressed as means and respective standard error
values.

RESULTS

The total chlorophyll content in the T. inamoena fruit peel
decreased as its maturity stages progressed, showing a
marked decrease from 11.74 to 0.91 mg/100 g in the
peel, and from 4.9 to 0.56 mg/100 g in the pulp (Figure
1A). It was observed that the content of total carotenoids
of T. inamoena fruit showed significant difference (p <
0.01) between the fruit portions studied. During ripening,
a rapid quantitative increase from 7.04 to 348.95 ug/100
g in the peel and from 3.40 to 28.67 ug/100 g in the pulp
was observed (Figure 1B). All these changes presented a
linear behavior as the green color disappeared and
carotenoids together with other compounds became
more concentrated in both the pulp and peel.

In turn, the amount of betalains, which comprises both
betacyanins and betaxathins, varied according to fruit
portion and maturation (Figure 2A and B). Betacyanins in
the fruit peel were superior (p < 0.05) compared to pulp,
especially from maturity stage 4, increasing from 0.31 to
0.71 mg/100 g. In the pulp, however, content ranged from
0.08 to 0.17 mg/100 g (Figure 2A). The same behavior
was observed for the betaxanthin content, with higher
concentration in the peel (Figure 2B). Average
betaxanthin content of 0.18 mg/100 g was observed for
the pulp and 0.56 mg/100 g for the peel, in which there
was a considerable increase until maturity stage 4 (1.14
mg/100 g), where the fruit showed a predominantly
yellow color. The following maturity stages presented fruit
with less amounts of betaxanthin in the peels.

The content of yellow flavonoids throughout maturation
showed a significant difference between the peel and
pulp (p < 0.01), especially from maturity stage 2. T.
inamoena fruit showed an increased content from 1.51 to
5.21 mg/100 g in pulp, and from 1.14 to 9.11 mg/100 g in
the peel. In both portions, it can be noticed that the
content tends to stay nearly the same from maturity stage
4 onwards (Figure 3A). On the other hand, the total
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Figure 1. Total chlorophyll content (A) and Total carotenoids (B) contents in the peel and pulp of T. inamoena fruit
collected in six maturity stages based on peel color in the semiarid region, State of Paraiba, Brazil. (n = 6; Bars mean the

standard error).
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Figure 2. Betalains, betacyanin (A), and betaxanthin (B), in the peel and pulp of T. inamoena fruit collected in six maturity
stages based on peel color in the semiarid region, State of Paraiba, Brazil. (n = 6; Bars mean the standard error).

extractable polyphenol content of T. inamoena was
evaluated just in the pulp, in which the amount increased
from 11.21 to 29.84 mg GAE/100 g fresh weight (Figure
3B), following the trend of fruit maturation. The correlation
with the content of yellow flavonoids in T. inamoena pulp
was positive (Table 2), showing that this metabolite
participates positively in the increase of phenolic
compounds during fruit maturation.

Total antioxidant activity of T. inamoena pulp showed
that the amount of pulp (g) capable of reducing 50% the
initial DPPH’ concentration continuously decreased over
time (Figure 3C). There was a decrease in ECs, from
1916.33 to 529.66 g FW/g DPPH’, indicating that fully
ripe fruit (maturity stage 6) exhibits greater antioxidant
activity at the end of maturation. The antioxidant activity
of the pulp was highly correlated with total extractable
polyphenols (R2 -0.87), followed by total chlorophyll (R2

0.95), total carotenoids (R2 = -0.75), and yellow
flavonoids (R2 - 0.68). The changes in the betaxanthin
content of pulp during maturation of T. inamoena fruit
was correlated with antioxidant activity (Table 1).

DISCUSSION

The reduction in total chlorophyll content in T. inamoena
fruit highlights the changes during its maturation, also
characterized by increasing flavonoid, carotenoid, and
betalain content as the major compounds present in both
the pulp and peel, and to which different antioxidant
properties are attributed in Cactaceae fruits (Felker et al.,
2008; Castellar et al.,, 2012). Because of that, these
compounds negatively correlate with flavonoids,
carotenoids, and betalains in the peel and pulp (Table 1
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Figure 3. Yellow flavonoids in the peel and pulp (A), Total phenolics-TP (B), and Antioxidant activity (C) in the pulp of
T. inamoena fruit collected in six maturity stages based on peel color in the semiarid region, State of Paraiba, Brazil.

(n = 6; Bars mean the standard error).

and Table 2).

Generally, when chlorophylls decrease, carotenoids
take the place of providing an attractive appearance to
both the peel and pulp. T. inamoena fruit presented this
trend probably because mature green fruit contains
chloroplasts that differentiate into chromoplasts during
maturation, and chlorophylls are degraded by specific
enzymes, leading to an accumulation of carotenoids
(Tanaka et al., 2008; Paliyath et al., 2009). Cactus fruits
are poorly characterized with regard to the biosynthesis
of coronoids, as these compounds are not the major
constituent in the tissues of these fruits. However,
different amounts have been reported for other cacti: 3.23
mg/100 g for pulp and 21.5 mg/100 g for the pericarp of
Opuntia elatior (Alvarez et al., 2008), and 0.92 mg/100 g
for Opuntia boldinghii (Garcia-Pantaleén et al., 2009),
showing that the values reported herein for T. inamoena
fruit are quite lower. Souza et al. (2007) reported a
content of 0.47 mg/100 g for the pulp and 3.37 mg/100 g
for the pericarp of the same species studied herein. In
addition to the attractive coloring, carotenoids have high
antioxidant capacity with strong health promotion appeal
(Cayupan et al., 2011).

Betacyanin is responsible for the reddish coloration and
tends to increase with maturation (Castellar et al., 2012;
Gandia-Herrero and Garcia-Carmona, 2013). However,
the content of this pigment in T. inamoena fruit is greatly
reduced compared to other species of the Opuntia genus
due to the prevalence of carotenoids, flavonoids and
betalains of the betaxanthin class (Stintzing and Carle,
2007). Stintzing et al. (2005) observed for Opuntia ficus
indica clones with an orange color that the betaxanthin
content for the fully ripe fruit was around 76.3 mg/L,
correlating with the antioxidant capacity. In a study
performed by Castellanos-Santiago and Yahia (2008)
with several species of the Opuntia genus, it was found
that O. robusta showed betaxanthin content of 0.99
mg/100 g, O. streptacantha showed 1.04 mg/100 g, O.
ficus-indica 0.14 mg/100 g, and O. megacantha showed
0.16 mg/100 g, thereby setting a wide content variation in
the fruit pulp. Additionally, Naselli et al. (2014) have
reported that isolated indicaxanthin from O. ficus-indica
can be useful for cancer treatment. This indicates that T.
inamoena fruit, as a natural source of this class of
compound, can be investigated in this purpose.

Although there is information about the identification of
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Table 1. Pairwise Correlations for variables analyzed in the peel of T. inamoena fruit collected in six maturity stages based on peel

color in the semiarid region, State of Paraiba, Brazil.

Plotted Correlation

Variable by Variable Correlation* Probability 0
FA CT 0.7128 0.0009*
BC CT 0.7875 0.0001*
BC FA 0.5110 0.0302*
BX CT 0.1862 0.4595
BX FA 0.7371 0.0005*
BX BC 0.0648 0.7984
CH CT -0.9626 <.0001*
CH FA -0.8636 <.0001*
CH BC -0.7629 0.0002*
CH BX -0.4069 0.0938

BC, Betacyanin; BX, betaxanthin; CH, chlorophyll; CT, carotenoids; FA, flavonoids. *n=16.

Table 2. Pairwise Correlations for variables analyzed in the pulp of T. inamoena fruit collected in six maturity stages based on peel color in

the semiarid region, State of Paraiba, Brazil.

Variable by Variable Correlation*

Probability

Plotted correlation

-1 0 1
FA CT 0.8272 <.0001* o
BC CT 0.1514 0.5487
BC FA 0.4096 0.0914
BX CT 0.2500 0.3171
BX FA 0.3614 0.1406
BX BC -0.2592 0.2990
CH CT -0.7988 <.0001*
CH FA -0.6962 0.0013*
CH BC -0.0942 0.7099
CH BX -0.3745 0.1257
TP CT 0.9485 <.0001*
TP FA 0.7466 0.0004*
TP BC 0.0802 0.7517
TP BX 0.2839 0.2535
TP CH -0.9208 <.0001*
AA CT -0.7513 0.0003*
AA FA -0.6849 0.0017*
AA BC -0.0784 0.7571
AA BX -0.4758 0.0459*
AA CH 0.9599 <.0001*
AA TP -0.8722 <.0001*

AA, Antioxidant activity; BC, betacyanin; BX, betaxanthin; CH, chlorophyll; CT, carotenoids; FA, flavonoids; TP, total phenolics. *n=16.

betalainic and phenolic compounds and their antioxidant
properties, there are few studies on events controlling the
ripening in cactus fruits, especially the interrelations with
the synthesis of functional compounds. However, some
gualitative and quantitative studies have been developed
relating the presence of antioxidant substances and
maturation. Cayupan et al. (2011) assessed the orange

and yellow varieties of Opuntia megacantha fruit in 5
maturity stages, finding that the increase in contents of
ascorbic acid, polyphenols, and betalains are related to
high antioxidant capacity in both the peel and pulp. The
evaluation of fruit quality has to expand quality indexes
that may be considered as an additional harvest criterion
to those traditionally used, such as soluble solids,



titratable acidity, and ratio.

The presence of functional compounds in fruits varies
according to several factors. The most distinct pattern is
generally observed between the peel and pulp,
depending on the group of compounds concerned. With
regard to T. inamoena, this is the first report regarding
the quantification of bioactive compounds and their ability
in capturing DPPH’ radical as reported for the most world
widely consumed O. ficus-indica varieties as well as for
pitaya groups. Kim et al. (2011) reported differentiated
content for both the peel and pulp of red and white pitaya
with different antioxidant properties mainly due to the
presence of phenolic compound groups such as yellow
flavonoids, which comprise a diverse group still in
demand of research. The determination of flavonoids and
other phenolic groups in cactus fruits, especially those of
natural occurrence in the semiarid region of Northeastern
Brazil, has an important role as a value-adding tool (Silva
et al.,, 2009). In this sense, it has been reported that
guercetin and isorhamnetin are the main flavonoid
compounds present in Opuntia spp. (Fernandez-Lopez et
al., 2010; Matias et al., 2014).

Phenolic antioxidants represent most of the profile
present in different fruit portions, and the presence of
flavonoids and phenolic acids has been reported in
flowers and cladodes of Opuntia spp. and Hylocereus
spp. as the most significant components in their
composition (Osorio-Esquivel et al., 2011; Tenore et al.,
2012). The presence of phenolic acids can be mentioned,
with the marked presence of protocatechuic, p-coumaric
and ferulic acids, as well as flavonoids, especially
taxifolin, myricetin, and isorhamnetin (Tenore et al., 2012;
Cha et al., 2013; Dhaouadi et al., 2013). Isorhamnetin
and its derivatives are the group of compounds with the
highest expression in the composition of O. ficus-indica
fruit, especially in the form of isorhamnetin 3-O-rutinoside
(Matias et al., 2014). Chavez-Santoscoy et al. (2009)
studied nine Opuntia cultivars and found a content of
22.63 mg GAE/100 g for Opuntia leucotricha juice (purple
color pulp) and a content of 17.21 mg GAE/100 g for
Opuntia ficus indica (reddish orange color pulp); values
below those found in this study for the pulp of fully ripe T.
inamoena fruit.

Sumaya-Martinez et al. (2011) reported that the red
and purple varieties of Opuntia fruit have higher
antioxidant activity using the DPPH’ method, which is
highly correlated with the content of vitamin C and
phenolic compounds. This correlation has been reported
for Opuntia spp. and Hylocereus spp. species (Stintzing
et al., 2005; Beltran-Orozco et al., 2009), where very high
correlation between total phenolic content and antioxidant
activity was verified. Polyphenols together with ascorbic
acid were the most active metabolites among the
chemical constituents of these fruits. In O. ficus-indica,
the pulp has low antioxidant activity compared to the
peel, and this behavior is also related to the high
concentration of phenolic compounds in the peel
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compared to pulp (Dantas et al., 2015). This also can be
seen in T. inamoena fruit herein where total extractable
polyphenols had a higher correlation with extracts’
antioxidant activity by DPPH" method.

Osorio-Esquivel et al. (2011) found that the different
portions of xoconostle fruit (O. joconostle Web.) have
different profiles of phenolic compounds, flavonoids, and
betacyanins, with a higher concentration of these
metabolites in the fruit pericarp. In addition, the
antioxidant activity, particularly the methanol extract, was
highly correlated with such compounds, especially
phenolic compounds. However, the use of the functional
potential of cactus fruits depends on the maturity stage at
which they are harvested, and this can be presumed from
T. inamoena fruit, especially depending on the fruit
portion and its stage of maturation.

Conclusion

T. inamoena fruit has a relevant amount of bioactive
compounds, mainly phenolic compounds with high
antioxidant activity. Changes in the antioxidant activity
during maturation of this fruit are correlated to the
decrease in pulp chlorophyll content, increased betalains,
yellow flavonoids and phenolic compounds. Additionally,
more mature fruits present larger amounts of compounds
with high antioxidant activity. Finally, further studies are
needed to understand the biological behavior of
compounds present in T. inamoena fruit using in vivo
models and clinical trials to assess the potential health
benefits.
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