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Bioactive compounds and antioxidant activity in fruits of clone and ungrafted
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Compostos bioativos e capacidade antioxidante de frutos de gendtipos clones e pés-franco de cajazeira
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Abstract

Yellow mombin is a fruit tree that grows spontaneously in the Semi-Arid Northeastern Brazil. Its fruits are still extractively exploited. The
pulp of yellow mombin fruit stands out regarding the commercial aspect due to the characteristic flavor and aroma felt when consumed in
diverse ways. This study aimed to evaluate the presence of bioactive compounds, total extractable polyphenols, and antioxidant activity of
yellow mombin fruits (Spondias mombin, L.), from clone and ungrafted genotypes. The fruits were harvested at commercial maturity from
twelve yellow mombin tree genotypes from an experimental orchard located at the municipality of Joao Pessoa, Paraiba, Brazil, and evaluated
for chlorophyll, carotenoids, yellow flavonoids, total extractable polyphenols, and antioxidant activity, which was measured by the B-carotene/
linoleic acid method. The antioxidant activity showed a percentage of inhibition of oxidation higher than 75% for all genotypes evaluated at
the time of 120 minutes. The fruits from clone genotypes showed a higher percentage of antioxidant activity.
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Resumo

A cajazeira ¢ uma arvore frutifera de ocorréncia espontdnea no Semiarido Nordestino e seus frutos sao ainda explorados de forma extrativista.
A polpa do fruto da cajazeira assume posi¢ao de destaque no que tange ao aspecto comercial, em fungdo do aroma e do sabor caracteristicos
que oferece quando degustada nas mais variadas formas. Este trabalho teve como objetivo avaliar a presenga de compostos bioativos e polifenois
extraiveis, e a atividade antioxidante de frutos da cajazeira (Spondias mombin, L), provenientes de gendtipos clones e pés-franco. Os frutos
foram colhidos na maturidade comercial de doze gendtipos de cajazeiras provenientes de pomar experimental localizado no Municipio
de Jodo Pessoa-PB, Brazil, e avaliados quanto ao teor de clorofila, carotenoides, flavonoides amarelos e polifendis extraiveis totais, sendo a
atividade antioxidante avaliada pelo método B-caroteno/acido linoleico. A atividade antioxidante apresentou um percentual de inibi¢do da
oxidagao superior a 75% para todos os genétipos em estudo no tempo de 120 minutos. Frutos provenientes de genétipos clones apresentaram

um maior percentual de atividade antioxidante do que aqueles de pés-franco.
Palavras-chave: Spondias mombin L.; carotenoides; polifendis; flavonoides amarelos; inibigdo da oxidagdo; melhoramento genético.

1 Introduction

A major concern for fruit growers in the Northeast of Brazil
is adding value to underexploited fruits, which have been getting
much attention due to their increased market potential focusing
on supply diversification (SOUZA et al., 2010).

There is a wide range of fruits - native and exotic - which
are conventionally called “potencials”. Currently, they occupy
roughly the same space once reserved for species already
recognized and commercially produced all over Brazil
(EMPRESA..., 2011). Among the native fruits with antioxidant
potential, those of the genus Spondias can be highlighted
(LORENZI, 2006). However, the ungrafted naturally occurring
yellow mombin tree is a woody tropical fruit with long and erect
forked-shaped stem, which is coated with a thick and rough

shell. It is a very tall plant of difficult handling (SOUZA et al,
2006). Based on that, plant breeding aims to develop more
productive lines of fruit trees (CASSIMIRO; MACEDO;
MENINO, 2009), of easier handling (SOUZA et al., 2006), and
high quality fruits (DANTAS JUNIOR, 2008).

Yellow mombin fruit has increased participation in the
agribusiness of the North and Northeast regions of Brazil
(AZEVEDO; MENDES; FIGUEIREDO, 2004; TODA FRUTA,
2006; CAVALCANTE et al., 2009; FRAIFE FILHO; LEITE;
RAMOS, 2010), mainly as fresh fruit and processed pulp. It
has great market acceptance for its distinctive flavor and exotic
aroma, and, therefore, high commercial value as raw material in
the preparation of juice, ice creams, liquors, nectars, and jellies
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(SOUZA etal., 2006; 2010). In Northeastern Brazil, the demand
for yellow mombin pulp is greater than other commercialized
fruit pulps (FRAIFE FILHO; LEITE; RAMOS, 2010); however,
its industrialization is totally dependent on seasonal variation
in fruit taking into account the extractive exploitation of the
yellow mombin tree and the elevated fruit losses due to poor
harvesting practices, postharvest handling, and transportation
(MOURA et al., 2004; 2009; SOARES et al., 2006). Thus,
although the yellow mombin pulp has aroused interest in other
regions of the country, the current industrial production is still
not enough to meet the demands of the consumer market of
the Northern and Northeastern regions (TODA FRUTA, 2006;
FRAIFE FILHO; LEITE; RAMOS, 2010).

Therefore, the increased demand for yellow mombin fruits
has attracted interest to the cultivation of this species, which
is still considered in the process of domestication with little
information about the establishment of commercial orchards
(SOUZA et al., 2006). Its inclusion as a fruit species in the
modern agronomic models requires, however, the identification
of propagated materials whose genotypes that in addition
to having high productive capacity (AZEVEDO; MENDES;
FIGUEIREDO, 2004; CASSIMIRO; MACEDO; MENINO,
2009; SOUZA et al.,, 2010) can produce fruits with superior
functional quality (SOARES et al., 2006; DANTAS JUNIOR,
2008).

The emphasis in searching for foods that contribute
to healthy eating has increased strongly around the world.
A varied, balanced diet rich in colorful food is the assurance
of consumption of all essential and recommended nutrients
(LAJOLO, 2006 apud ALVES; BRITO; RUFINO, 2006). In
addition to essential macro and micronutrients, daily diet
provides some chemical compounds that are mostly present
in fruits and vegetables with potent biological activity due to
their free radical scavenging ability (RICE-EVANS; MILLER;
PAPAGANDA, 1996). They are called bioactive compounds
or, sometimes, phytochemicals, and they can play several roles
with benefits for human health (CARRATU; SANZINI, 2005).

The study of bioactive compounds in food gave rise to the
concept of functional foods, originated in Japan in the 1980’
when it was used by industries to describe foods fortified
with specific ingredients inferring health benefits (AMARA-
MOKRANE et al., 1996). Bioactive compounds are extra
nutritional constituents and typically occur in small amounts
in foods (PIETTA, 2000). Epidemiological studies, dealing with
diets rich in fruits and vegetables, suggest that these foods are
able to exert influence in reducing the risk of developing chronic
non-transmissible diseases such as cardiovascular, cancer,
metabolic disorders, neurodegenerative, and inflammatory
diseases (CARRATU; SANZINI, 2005). Yellow mombin fruit is
rich in carotenoids (RODRIGUEZ-AMAYA; KIMURA, 1989,
MOURA et al.,, 2004); therefore, it is necessary to evaluate the
contribution of carotenoids to the antioxidant potential as a way
to add value to this fruit as functional food since, according to
Lajolo (2006), any claim that a food product has health benefits
has to be based on scientific evidences.

Bioactive compounds are mostly secondary metabolites
of plants (RICE-EVANS; MILLER; PAPAGANDA, 1996);
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their polyphenols are the most abundant (ROSA; ALVAREZ-
PARRILLA; GONZALEZ-AGUILAR, 2010) and are usually
related to defense against ultraviolet radiation or aggression by
pathogens or insects (ZULUETA et al., 2007). Since they exist
in large numbers, several classes of polyphenols can be grouped
according to the number of phenol rings and to the structural
elements that bind these rings (CARRATU; SANZINI, 2005).
Therefore, two main groups of polyphenols, termed flavonoids
(flavonones, flavones, dihydroflavonols, flavonols, flavan-3-
ols, anthocyanidins, isoflavones, and proanthocyanidins) and
non-flavonoids (simple phenols, benzoic acids, hydrolysable
tannins, acetophenones and phenylacetic acids, cinnamic acids,
coumarins, benzophenones, xanthones, stilbenes, chalcones,
lignans, and secoiridoids), have been traditionally adopted
(ROSA; ALVAREZ-PARRILLA; GONZALEZ-AGUILAR,
2010). Some of those are specific to some species or genus of
plants (CARRATU; SANZINI, 2005).

Since most bioactive phytochemicals have antioxidant
capacity, the sum of the contribution of all oxidants is the total
antioxidant capacity (RICE-EVANS; MILLER; PAPAGANDA,
1996). Moreover, the antioxidant compounds found in fruits
and vegetables can cause inhibition or synergy between them
(ZULUETA et al., 2007). Thus, in addition to evaluating each
bioactive compound isolatedly, it is important to study the
antioxidant potential in a broader context, i.e., considering the
total extract of the fruit (ROMBALDI et al., 2006).

Therefore, the objective of this study was to evaluate the
presence of bioactive compounds, total extractable polyphenols,
and antioxidant activity of yellow mombin fruits from clone and
ungrafted genotypes.

2 Material and methods

2.1 Material

Twelve yellow mombin tree genotypes from the germplasm
collection of EMEPA-PB, Jodo Pessoa - PB were selected. From
these selected trees, six were clones (G1, G2, G3, G4, G5 e G6
plants) and six were ungrafted (G7, G8, G9, G10, G11 e G12
plants).

Yellow mombin fruits were manually harvested from each
genotype, early in the morning, at the commercial maturity
(yellow color with green stains) from EMEPA’s experimental
orchard. After harvest, the fruits were transported in isothermal
boxes to the Laboratorio de Biologia e Tecnologia Pés-Colheita
of the Centro de Ciéncias Agrarias of the Universidade Federal
da Paraiba and selected according to appearance and absence
of physical or physiological damages. Fruit pulp was manually
extracted and frozen at -86 °C for evaluation.

2.2 Methods

Bioactive compounds

To determine Total Chlorophyll (mg.100 g!) around 1 g of
fresh pulp was used; it was ground in a mortar with washed and
dried sand in the presence of 5 mL of 80% acetone solution and
5 mg CaCO.,. The extract was left 24 hours in the dark at 4 °C,
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according to Arnon (1985), and the total chlorophyll content
was calculated as described by Silva (2008).

Total Carotenoids (ug.g™ pulp) it was quantified according
to Dantas Junior (2008), using 5 g of frozen pulp, 15 mL of of
isopropyl alcohol, and 5.0 mL of hexane, followed by stirring
for 1 minute. The content was transferred to a 125 mL amber
separatory funnel, and the total volume was completed with
distilled water. The material was left to rest for 30 minutes,
followed by washing; this procedure was repeated twice. Next,
it was filtered through cotton tissue sprayed with anhydrous
sodium sulfate, transferred to a 25 mL volumetric flask, and
wrapped with aluminum foil, to which it was added 2.5 mL of
acetone and diluted with hexane. Absorbance was measured
at 450 nm.

Yellow Flavonoids (mg.100 g') were measured in a
spectrophotometer according to the method of Lees and Francis
(1972) using 1 g of frozen pulp, followed by the extraction of
flavonoids with 30 mL of the extracting solution (95% ethanol
and 1.5 N HCI at the rate of 85:15 v/v). The extract was left
overnight in the refrigerator and filtered; absorbance was
measured at 374 nm, and the contents calculated as described
by Dantas Junior (2008).

Extraction of polyphenols and antioxidants

A total of 20 g of frozen pulp was weighed and cold
extraction (=10 °C) was performed using 40 mL of methanol/
water (50:50 v/v) solution, which was left to extract for 1 hour.

Next, the samples were centrifuged at 15,000 rpm for
15 minutes at 5 °C. The supernatant was filtered and transferred
to a 100 mL volumetric flask; the residue was transferred to a
Beaker by adding 40 mL of acetone/water solution (70:30 v/v)
and left to extract for 1 hour. Centrifugation was repeated and
the supernatant was filtered and added to the volumetric flask
that already contained the supernatant of the first extraction,
and the total volume was completed with distilled water
(LARRAURI; PUPEREZ; SAURA-CALIXTO, 1997). The
extracts were used for determination of antioxidant capacity
and total extractable polyphenols.

Quantification of the total extractable polyphenols (TEP)

The total extractable polyphenols were determined by
the method of Folin-Ciocalteu using the supernatant of the
extraction. In test tubes, it was placed an aliquot of 0.1 mL
of the extract added of 0.9 mL of distilled water. The extracts
were mixed with 1 mL of Folin-Ciocalteu reagent, 2 mL of 20%
sodium carbonate solution and 2 mL of distilled water. The tubes
were stirred and, after 30 minutes the absorbance was measured
in a spectrophotometer at 700 nm and the result expressed
in mg.100 g™ of gallic acid (OBANDA; OWUOR, 1997).

Evaluation of the antioxidant activity by the system
3-Carotene/Linoleic acid method

The antioxidant activity was determined by the method
described by Miller (1971) and later modified by Rufino et al.
(2006) based on the oxidation (discoloration) of 3-carotene and
induced by the products of the oxidative degradation of linoleic
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acid. Solutions were prepared using 5 mL of the -carotene/
linoleic acid system and 0.4 mL of the fruit extract/Trolox in
different concentrations. The absorbance readings were taken
immediately and at intervals of 15 minutes for 120 minutes
using a spectrophotometer at 470 nm, keeping the tubes in a
water bath at 50 °C. The results were expressed in percentage of
inhibition of oxidation, in comparison to that of the antioxidant
standard used (Trolox) according to Dantas Jinior (2008).

Statistical analysis

Three replications were performed for all parameters
evaluated (2 kg of fruit/genotype). The results were expressed
as mean and standard deviation using SPSS for Windows
Evaluation Edition - 14.0 (STATISTICAL..., 2005). The data
were submitted to analysis of variance (ANOVA - F test), and
the means compared by the Duncan test at 5% probability of
error. For correlations, the Pearson correlation coeflicient (r)
was applied.

3 Results and discussion

3.1 Quantification of bioactive compounds

The content of bioactive compounds of fruits of twelve
yellow mombin tree genotypes are presented in Table 1.

The mean content of total chlorophyll for yellow monbin
fruit pulp harvested from different genotypes ranged from 0.20
to 0.61 mg.100 g™* of pulp. The highest content was found for
the clone genotype G1, and the lowest was found for the fruits
harvested from the ungrafted genotype G7.

The low total chlorophyll content found in the fruit pulp is
due to the commercial maturity stage at harvest; in which the
fruits are mostly yellow with some green spots.

Table 1. Bioactive compounds in fruits harvested at commercial
maturity from 12 clone and ungrafted genotypes of yellow mombin
trees.

Genotype Total chlorophyll ~Carotenoids Yellow flavonoids

(mg.100 g) (ug.g™") (mg.100 g)

Clone Gl 0.61 +0.03* 40.68 +£2.4° 2.02 +£0.10%
G2 0.32 £0.02¢%  21.81+0.5¢ 1.82 +0.20¢

G3 0.29 +£0.03%f 5147 +3.2° 1.37 £ 0.12f

G4 0.27 £0.024F 3741 + 1.4 1.82 £0.13¢

G5 0.58 +0.02* 38.69 £ 0.2% 4.39+0.07°

G6 0.25+0.01% 38.69 £ 0.2% 5.25+0.22*

Ungrafted G7 0.20 + 0.04# 10.17 £ 0.3 2.00 + 0.17%
G8 0.37 £0.03¢ 12.22 + 1.6% 1.98 + 0.08%

G9 0.27 +0.02¢ 14.76 + 0.7% 2.18 +£0.22¢

G10 0.34 £ 0.02<¢ 2521+ 1.7¢ 2.98 £0.27¢

G11 0.48 +0.03 16.49 + 1.4 2.72 +0.10°

G12 0.31 + 0.074 12.48 + 0.8 2.90 +0.19°

sb<Means (+ Standard Error) followed by the same letters in the column do not differ
among genotypes by the Duncan test at 5% of probability.
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Chlorophyll degradation occurs during the maturation
of fruits as a function of the activity of the chlorophyllase,
peroxidase enzymes, and also by direct action of light
(IKEMEFUNA; ADAMSON, 1984).

Studies have attributed to chlorophyll and its synthetic
derivative, copper chlorophyllin, a potent antimutagenic activity
(CHERNORMORSKY et al., 1999; DASHWOOD et al., 1998;
ODIN, 1997). These substances can act on mechanisms related
to DNA repair removing substances that may cause changes,
or, by the action of an antioxidant, they can prevent DNA
damage. Based on these mechanisms, in vitro tests have also
shown that chlorophyll, pheophytin, and copper chlorophyllin
are strong inhibitors of the formation of adduct of carcinogen
substances (aflatoxin B1 and dibenzo [a, 1] pyrene) with DNA
(BREINHOLT et al., 1995; HARTTIG; BAILEY, 1998).

With regard to carotenoid contents in the yellow mombin
fruits evaluated, clone genotype G3 showed the highest content
(51.47 pg.g"), and the lowest was detected in the ungrafted
genotype G7 (10.17 ug.g™), according to Table 1. The levels
of carotenoids in yellow mombin fruit are, therefore, higher
than those found in “Tommy Atkins’ mango (=3.3 mg.100 g™*
equivalent to 33 pg.g™') at maturity stage (LIMA; SILVA;
AZEVEDO, 2009). The fact that carotenoids have antioxidant
activity and are the vitamin A precursors (PALOZZA; KRINSKY,
1992) makes these results very important for human life since
this widely consumed fruit in Brazilian Semi-Arid could be
better used for the prevention of various diseases, among
which are eyesight problems caused by vitamin A deficiency
and diseases that result from oxidative stress, such as cancer
(PALACE et al., 1999).

These results for total carotenoids are in accordance
with those reported by Moura et al. (2009) that found values
ranging from 19.81 to 43.33 pg.g™* for different yellow mombin
genotypes from the germplasm bank of IPA-PE, Brazil. For
yellow mombin processed products, Rodriguez-Amaya and
Kimura (1989) found values of 20.6 ug.g™* for total carotenoids
in frozen pulp and Hamano and Mercadante (2001); when
evaluating commercial products, they found values of 20.6 ug.g™!
for pulp and 16.7 ug.g™ for juice.

Carotenoid content of fruit increases during maturation
and ripening (MOURA et al., 2004); however, part of
color intensification is due to the chlorophyll degradation
(IKEMEFUNA; ADAMSON, 1984). The carotenoid contents
in vegetables, on the other hand, can be affected by maturity
stage, type of soil, growing and climatic conditions, cultivar,
part of plant consumed, use of pesticides, exposure to sunlight,
processing conditions, and storage (RODRIGUEZ-AMAYA,
2000).

Carotenoids action against diseases has been attributed
to the antioxidant activity, specifically to their ability to
quench singlet oxygen and its interactions with free radicals
(PALOZZA; KRINSKY, 1992; PALACE et al., 1999). However,
other mechanisms have been reported such as modulation of
carcinogen metabolism, regulation of cell growth, inhibition
of cell proliferation, enhancement of cell differentiation,
stimulation of cell-to-cell communication, retinoid-dependent
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signaling, and filtering of blue light (KRINSKY; JOHNSON,
2005; STAHL; SIES, 2005).

As for the yellow flavonoids (Table 1), it was observed
a small variation between the different genotypes, with the
minimal content of 1.37 mg.100 g™* for clone genotype G3 and
a maximum of 5.25 mg.100 g™ for ungrafted genotype G6. As
for the yellow mombin pulp, Rufino (2008) reported values for
yellow flavonoids in the order of 7.1 mg.100 g'.

Most of the beneficial health effects of flavonoids are
attributed to their antioxidant and chelating abilities. By virtue
of their capacity to inhibit LDL oxidation, flavonoids have
demonstrated unique cardioprotective effects (KONDO et al.,
1996; MAZUR et al., 1999).

3.2 Total extractable polyphenols and antioxidant activity
by B-Carotene/Linoleic acid system

The values for total extractable polyphenols (TEP) and the
percentage of oxidation inhibition are presented in Table 2.

In yellow mombin fruits, the content of TEP varied from
29.12mg.100 g™, for ungrafted genotype G9, to 102.88 mg.100 g™,
for clone genotype G4 (Table 2). These values are higher than
those found for buriti pulp (9.46 mg.100 g') (MANHAES;
SABAA-SRUR, 2011). Polyphenols have antioxidant activity
and, based on their antioxidant function, these compounds
possess anti-atherosclerotic, anti-inflammatory, antitumor,
antithrombotic, anti-osteoporosis, and antiviral activities
(ROSA; ALVAREZ-PARRILLA; GONZALEZ-AGUILAR,
2010). Therefore, the data presented herein is of great relevance
to human health in Brazilian Semi-Arid region given the
recognized potential of polyphenols to prevent diseases caused
by oxidative stress (RICE-EVANS; MILLER; PAPAGANDA,
1996; ZULUETA et al., 2007).

In fruits of umbu tree (Spondias tuberosa Arr. Cam.)
harvested from 32 genotypes, Dantas Janior (2008) found

Table 2. Total extractable polyphenols (TEP) and inhibition of
oxidation in fruits harvested at commercial maturity from 12 clone
and ungrafted genotypes of yellow mombin trees.

Genotype TEP Inhibiition of
(mg.100 g™') Oxidation (%)

Clone Gl 42.75 £ 2.0f 86.47 £ 0.48
G2 65.50 + 3.0 92.83 £0.3¢

G3 34.86 £ 1.08 90.10 + 0.9¢

G4 102.88 + 3.0* 97.42 £ 0.0*

G5 53.69 + 2.8° 94.27 + 0.6°

G6 58.32 + (.3% 95.07 +0.3"

Ungrafted G7 70.96 £ 5.2° 89.58 £ 0.1%
G8 71.41 + 3.5° 89.01 + 0.6

G9 29.12 £ 1.38 76.65 + 0.3

G10 29.34 £ 4.08 88.58 + 0.4

Gl1 29.05 £ 9.08 83.74 + 0.6

Gl12 62.49 + 7.0 84.82 £ 0.6"

*b<Means (+ Standard Error) followed by the same letters in the column do not differ
among genotypes by the Duncan test at 5% of probability.
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total extractable polyphenols values varying from 21.26 to
49.66 mg.100 g™, which are much lower than the TEP values
found in the present study for yellow mombin fruits.

The B-carotene/linoleic acid system is based on 3-carotene
discoloration induced by the products of linoleic acid oxidation.
Therefore, the utilization of antioxidants retards the decline
of B-carotene absorbance protecting lipid substrates from
oxidation (KONDO et al., 1996).

The results of the oxidation inhibition (%) by the B-carotene/
Linoleic Acid System of yellow mombin fruit extracts are shown
in Table 2. Ungrafted genotypes had the lowest percentages of
oxidation inhibition with values ranging from 76.65 to 89.58%.
In turn, the clones had values ranging from 86.47 to 97.42%,
similarly to the results reported by Rufino (2008) in studies
with pulp of yellow mombin fruit (92.7%). On the other hand,
Silva (2008), in studies with fruits from different genotypes of
the Spondias hybrid umbu-yellow mombin tree, reported values
of 60.93% of oxidation inhibition.

Table 3 presents the correlations among the bioactive
attributes, total extractable polyphenols, and inhibition of
oxidation.

The Pearson correlation may provide powerful information
about the dynamics between attributes improving the validity
of results. Thus, the forces of (=) 1 to +1, shown in Table 3,
can be interpreted as positive (+) and reverse (-), none (0.0),
negligible (0.01 to 0.09), low (0.10 to 0.29), moderate (0.30 to
0.49), substantial (0.5 to 0.69), and severe (20.70). Accordingly,
for the bioactive compounds, in general, the yellow flavonoids
showed a very strong positive correlation (p < 1%) with
the percentage of inhibition of oxidation and a substantial
correlation with the total extractable polyphenols content. The
contents of chlorophyll and carotenoids showed a substantial
positive correlation with the percentage of inhibition of
oxidation (p < 1%); in turn, the correlation among chlorophyll
and carotenoids and the total extractable polyphenols was
(p < 1%) moderately positive.

Table 3. Correlation among the bioactive compounds, total
extractable polyphenols (TEP), and inhibition of oxidation in fruits
from 12 clone and ungrafted genotypes of yellow mombin trees.

Test of Correlation of Pearson and Probability among
Attributes in Yellow mombin fruits®

Attribute Inhibitio of TEP Carotenoids Total Yellow
oxidation chlorophyll flavonoids

Inhibition 1.00 0.38* 0.63** 0.60** 0.76**
of oxidation
TEP - 1.00 -0.17 0.73** 0.49**
Carotenoids - - 1.00 0.23 0.64**
Total - - - 1.00 0.87**
chlorophyll
Yellow - - - - 1.00
flavonoids

(*) Indicates probability of error < 5%; (**) Indicates probability of error < 1%; *Correlation
of Pearson (forces from -1 to + 1).
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4 Conclusions

It can be concluded that the pulp of yellow mombin fruits
evaluated present high percentage of inhibition of oxidation,
which is strongly correlated with yellow flavonoids, carotenoids,
and chlorophyll with substantial contents of these biologically
active compounds, in addition to extractable phenolic
compounds, and it seems to be a potential source of natural
antioxidants for the human diet.

In general, fruits from clone genotype showed higher
antioxidant activities.

However, further studies are necessary to characterize the
structure of these functional substances and to confirm their
beneficial effects on human health.
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