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ABSTRACT - Cerrado is the largest biome in the state of Minas Gerais-Brazil, represented by a biodiversity
of fruit species, especially cagaita (Eugenia dysenterica). Cagaita fruits are considered an important option
for fruit growing, because they are source of phenolic compounds with antioxidant properties and mineral
content that can contribute with beneficial health effects. In this study, phenolic compounds were characterized
by high-performance liquid chromatography and the mineral content of ripe and unripe cagaita fruits was
evaluated. Regarding minerals, ripe and unripe fruits stand out due to their high potassium content. Unripe
fruits are rich in boron while ripe fruits are source of this mineral. ripe and unripe cagaita fruits have the
following phenolic compounds: gallic, caffeic, vanillic, p-coumaric, siringeic, ferulic and salicylic acids,
epicatechin, quercetin and rutin, the highest contents of these compounds are caffeic, p-coumaric, siringeic
and ferrulic, epicatechin and rutin identified in unripe fruits, while ripe fruits have high contents of gallic,
vanillic and quercetin acids. Thus, cagaita fruits have great potential for food, therapeutic and medicinal
applications bringing health benefits.

Index terms: Cerrado fruits, Myrtaceae, HPLC-Uv.

MINERAIS E COMPOSTOS FENOLICOS EM DIFERENTES ESTADIOS DE
MATURACAO DE FRUTOS DE CAGAITEIRA (Eugenia dysenterica)

RESUMO - O Cerrado ¢ o maior bioma no Estado de Minas Gerais-Brasil, representado uma biodiversidade
de espécies frutiferas, destacando a cagaiteira (Eugenia dysenterica). Frutos de cagaiteira sdo considerados
uma opc¢do importante para fruticultura, por apresentarem fonte de compostos fenolicos com propriedades
antioxidantes e teores de minerais que podem contribuir com efeitos benéficos a satide. Neste estudo,
caracterizaram-se os compostos fendlicos por cromatografia liquida de alta eficiéncia e avaliaram-se os
teores de minerais presentes em frutos de cagaiteira em estddio de maturacao maduros e verdes. Em relagdo
aos minerais, frutos maduros e verdes destacam-se por serem ricos em potassio. Os frutos verdes sdo ricos
em boro, enquanto os frutos maduros sdo fonte desse mineral. Nos frutos de cagaiteira maduros e verdes,
foram identificados os compostos fendlicos: os acidos galico, cafeico, vanilico, p-cumadrico, siringico,
ferulico e salicilico, epicatequina, quercetina e rutina, sendo os maiores teores dos compostos os acidos
cafeico, p-cumarico, siringico e ferulico, epicatequina e rutina identificados nos frutos verdes, enquanto
para frutos maduros o destaque foi para os acidos galico, vanilico esalicilico e quercetina. Assim, frutos de
cagaita podem apresentar grande potencial para aplicacdes alimentares, terapéuticas e medicinais, trazendo
beneficios a satude.

Termos de indexaciio: Frutos do cerrado, Myrtaceae, CLAE-Uv.
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INTRODUCTION

Exotic or native Brazilian fruits present
great nutritional, economic and social potential.
These fruits are extractivistically exploited and as
they are seasonal, large post-harvest losses occur.
Cagaita (Eugenia dysenterica Dc) is a typical fruit
of this scenario, belonging to the family Myrtaceae,
native of the Brazilian cerrado. Its fruiting period
occurs between October and December; its fruits
are globose, pale yellowish, slightly acidic, with
membranous epicarp, weighing between 14 and
20 g, 3 to 4 cm in length and 3 to 5 cm in diameter
(ROESLER et al., 2007).

Cagaita fruits are consumed fresh or processed
and present medicinal properties in their leaves and
barks (SILVA etal., 2001). Its leaves are used as anti-
diarrheals while their fruits have laxative properties
according to the popular use (LIMA et al., 2010;
VIEIRA et al., 2012). Studies indicate that cagaita
fruits are highly nutritious, contain 90% water, low
caloric value (36.6 Kcal), 5.9% carbohydrates,
source of functional compounds such as vitamin
C and B-carotene and phenolic compounds such as
flavonoids, which are antioxidant and anti-mutagenic
substances (ROESLER et al., 2007, CARDOSO et
al.,2011 and ROCHA et al., 2013). Another peculiar
characteristic of this fruit is its contens of phenolic
compounds and minerals. According to Morgano et
al. (1999) and Silva et al. (2008), cagaita fruits are
considered important sources of minerals.

The minerals present in these fruits bring
many health benefits, regulating the metabolism
of various enzymes, acid-base balance, osmotic
pressure, muscle and nerve activity, facilitating
the transfer of essential compounds through the
membranes. In some cases, minerals are part of
the tissue constituent elements and are necessary
to the vital process and must be contained in food
in adequate amounts and proportions (ROSS et
al., 2014). Phenolic compounds provide attributes
such as color, texture, bitterness, astringency and
functional properties to fruits such as antioxidant
properties (EVERETTE et al., 2010). Even in small
amounts, these compounds have physiological
effects through their antioxidant action, playing an
important role in the processes of inhibiting the risk
of cardiovascular diseases and of several chronic
degenerative diseases, such as diabetes, cancer and
inflammatory processes (IMHO, KHOKHAR, 2002
and NINFALI et al., 2005).

In view of the above and considering the
absence of studies reporting the phenolic composition
and mineral content in cagaita fruits (Fugenia

dysenterica Dc), the aim of the present study was
to characterize the phenolic compounds by high-
performance liquid chromatography and to evaluate
the mineral content present in cagaita fruits at two
maturation stages, ripe and unripe, in order to obtain
data of nutritional interest that can allow the best use
of fruits as raw material.

MATERIAL AND METHODS

Cagaita fruits were manually and randomly
collected from plants at the Federal University of
Sdo Jodo Del Rei - UFSJ in the municipality of Sete
Lagoas - MG (19°28 °S, 44°15°W and 732 m asl),
during the 2014 harvest. The climatic classification of
the region is Aw type (K6ppen), typical of savannah,
with dry winter and average air temperature of the
coldest month above 18° C.

Fruits were harvested according to their
maturation stage determined by the external visual
appearance of fruits as unripe (green coloration) and
ripe fruits (yellow coloration). Fruits were selected
for the formation of experimental units. For each
stage of maturation, four replicates of 200g of fruits
were used. Samples were ground and homogenized in
a Mix-type Arno multiprocessor and stored in freezer
at-18 ° C and 90-95% relative humidity until moment
of analyses. Each replicate was analyzed in triplicate.

The experimental design was completely
randomized, with four replicates. Independent
variables were the different maturation stages and
dependent variables were contents of minerals and
phenolic compounds.

Mineral content - The levels of macrominerals
(P, K, Ca, S and Mg) and microminerals (Cu,
Mn, Zn, B and Fe) were determined according
to Embrapa (2009). Extracts were obtained by
nitroperchloric digestion. P and S were determined
by colorimetry according to AOAC (2005) method,;
Fe, Zn, Mn, Cu, Mg, B and Ca by atomic absorption
spectrophotometry and K by flame photometry.
Results were expressed in milligrams per 100 g of
fresh fruit, (mg.100g™).

Phenolic compounds - Milli-Q ultrapure
water (Millipore, Billerica, MA, USA), acetic acid
and HPLC grade methanol (Merck) were used to
prepare the mobile phase used in the HPLC analyses.
The standard HPLC grade phenolic compounds were:
gallic, p-coumaric, ferulic, siringeic and salicylic
acids and condensed tannin monomers epicatechin
and quercetin were purchased from Sigma-Aldrich.
Vanillic acid was obtained from Fluka. Standard
stock solutions were prepared in HPLC grade
methanol (Merck).

Rev. Bras. Frutic., v. 39, n. 1: (e-360)

DOI 10.1590/0100-29452017 360

Jaboticabal - SP



MINERALS AND PHENOLIC COMPOUNDS OF CAGAITA FRUITS... 3

Extraction - Extracts of fresh cagaita fruits
were performed according to Arabbi et al. (2004)
with some modifications using a methanol / water
solution (70:30 v/ v) at 1:15 (m / v), stirred for 10
minutes in ice bath.

Separation, identification and
quantification of phenolic compounds - The
equipment used was HPLC Shimadzu model
L201147, the best response was obtained at
wavelength of 280 nm. Samples and standards were
injected onto a Kromasil column (4.6 mm x 250 mm).

The mobile phase consisted of the solutions
of acetic acid in water 2% (A) and methanol: water:
acetic acid (70: 28: 2 v/ v / v) (B). Analyses were
performed with total time of 60 minutes, temperature
0f 40°C, flow of 1.25 mL min™! and injection volume
of 20 uL in gradient type system (100% solvent A
from 0.01 to 5 minutes, 70% of solvent A from 5.0
to 25.0 minutes, 60% of solvent A from 25.0 to 43.0
minutes, 55% of solvent A from 43.0 to 50.0 minutes
and 0% of solvent A for 10 minutes) until the end of
the run. Solvent A was increased to 100% in order
to balance the column.

Cagaita fruit extracts and standards were
filtered on a 0.22 pm nylon membrane (Millipore®)
and directly injected into the chromatographic system
three times in order to obtain the mean concentrations
and the retention times.

Phenolic compounds in the extract were
identified by comparison with the retention times
of standards and confirmed by co-chromatography
of extracts and standards. For the quantification of
phenolic compounds, the external standardization
method was used with concentrations of standard
stock solutions: gallic acid (170.12 mg.L"), quercetin
(302.23 mg.L"), epicatechin (290.24 mg. L),
vanillic acid (168.14 mg.L!), ferulic acid (194.18
mg.L1), syringic acid (198.17 mg.L), salicylic acid
(138.12 mg.L"), caffeic acid (180.16 mg.L), rutin
(610.52 mg.L"), p-coumaric acid (164.16 mg.L")
(Figure 2). Quantification was performed through the
construction of analytical curves obtained by linear
regression using the Origin 6.1 software (OriginLab,
Northampton, MA, USA).

RESULTS AND DISCUSSION

The results of the mineral composition of
cagaita fruits at different maturation stages are
in Table 1. The amount of phosphorus and zinc
observed in this work did not vary as a function of
the maturation degree of fruits, which contents are
less sensitive to the maturation advancement. The
other minerals, potassium, calcium, magnesium,

sulfur, iron, manganese, copper and boron, presented
higher contents in unripe fruits, which increases
its potential for processing, since cagaita fruits are
usually processed unripe.

Potassium was the most abundant mineral in
fruits, with overall mean content of 831.89 mg.100g™!
(Table 1). This element presents great mobility in
plants due to its little affinity to form organic chelates,
thus it is present in large amounts in plant tissues
(VANILLO et al., 2006). Potassium is an important
component in the formation of many proteins and
is linked to the metabolism of carbohydrates, being
part of several enzymatic processes.

As in most fruits, calcium and boron
accumulation is limited to initial stages of
development that coincide with cell division, which
explains the higher calcium and boron levels in
unripe fruits when compared to ripe fruits (Table
1). Calcium is the main element in the cell wall
composition of fruits, while boron is an important
constituent of the structure of the polysaccharides
that provide resistance to the cell wall, and both have
the function of maintaining the cell wall integrity and
permeability (HAWKESFORD et al., 2002, TAIZ
and ZEIGER, 2009).

Magnesium, sulfur, copper, manganese
and iron are part of the chlorophyll molecule.
Magnesium is one of the main components of
chlorophyll, while copper, manganese and iron are
required for chlorophyll synthesis, being present in
higher concentration in unripe fruits. Thus, as the
fruit matures, there is degradation of chlorophyll,
responsible for the green coloration of fruits, with
consequent reduction of magnesium, sulfur, copper,
manganese and iron molecules (HAWKESFORD
et al., 2002, MALAVOLTA et al., 2002, TAIZ
and ZEIGER, 2009, OETTERER et al., 2006), as
observed in this study (Table 1).

According to the National Agency of Health
Surveillance - ANVISA (BRASIL 2005), food,
“with minimum of 15% of the Daily Recommended
Intake (DRI) per 100 g of solid food” is considered
source of minerals, and food “with minimum of
30% of the reference DRI per 100 g of solid food”
is considered rich in minerals. Thus, cagaita fruits
are not considered as a good source of minerals,
phosphorus, calcium, magnesium, sulfur, zinc
manganese and copper.

Unripe cagaita fruits provide equivalent to
55.5% of the daily requirements of boron, showing
that it is rich in this nutrient, while ripe fruits provide
16.6% of the daily requirement, being source of
this nutrient (Table 1). The consumption of boron
is of great importance for humans, because the
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consumption of boron brings beneficial effects on the
central nervous system, acts in the reduction of some
types of cancer, has hormonal function, helps in the
absorption of vitamin D and production of insulin in
addition to action in the prevention and reduction of
arthritis (NIELSEN, 2014).

Unripe and ripe cagaita fruits are rich in
potassium, a contribution equivalent to more than
30% the daily requirement (Table 1). Potassium is
the major intracellular cation that contributes to the
metabolism and synthesis of proteins and glycogen
(SHIN etal., 2013). The potassium content 190 found
in this work for cagaita fruits is close to those found
for unripe banana flour 191, considered as a rich
source of potassium (BORGES et al., 2009).

Cagaita fruits provide high contents of
minerals, such as potassium, copper, manganese
and iron, in relation to fruits of the same family,
such as guava, an already domesticated fruit species
(FREIRE et al., 2012).

Phenolic acids are widely present in plant
materials, as secondary metabolites in the free form
or linked to glycosides of soluble and insoluble
esters, presenting biological activities, such as
anticancer, antibacterial and antioxidant activity
(HUANG et al., 2015). Phenolic compounds provide
cell wall support materials (lignin) and under
normal maturation conditions, their levels are higher
during fruit growth and decrease with maturation
(SELVARAIJ and KUMAR, 1989). Similar results
for phenolic compounds were found for cagaita fruits
(ROCHA et al., 2011).

The following phenolic compounds were
identified in unripe and ripe cagaita fruits: gallic,
caffeic, vanillic, p-coumaric, syringic, ferulic
and salicylic acids, epicatechin, quercetin and
rutin (Figure 1). Gallic acid is a monomer of
hydrolysable tannins, while epicatechin is a monomer
of condensed tannins. There are several other peaks
in which substances were not identified due to a lack
of phenolic standards for comparison.

In cagaita fruits at ripe maturation stage, the
contents of phenolic compounds gallic, vanillic and
salicylic acids were higher than those found in unripe
fruits, while the levels of epicatechin, rutin, and
caffeic, p-coumaric, syringic and ferulic acids were
prominent in unripe cagaita fruits. In both maturation
stages, epicatechin presented high content (Table 2).

These results corroborate results found
by Barboni et al. (2010), who identified high
epicatechin levels in Myrtus communis L., a species
also of the family Myrtaceae. The functionality
of phenolic compounds is mainly related to their
antioxidant action, that is, free radical scavenger

and, therefore, may be associated with the prevention
of various diseases such as some types of cancers
and cardiovascular diseases (KARAKAYA, 2004;
NINFALI et al. 2005), and action in the prevention
of obesity (GHOLAMHOSEINIAN et al., 2010).

Tannins such as gallic acid and epicatechin
and flavonoids such as quercetin contain a variety of
hydroxyl groups and show high antioxidant capacity
and elimination of free radicals. Flavonoids are
capable of altering the kinetics of lipid peroxidation
by modifying the organization of lipid compounds
(MITTAL et al., 2014). Flavonoids have ideal
structures for the sequestration of free radicals, being
considered antioxidants more effective than vitamins
E and C (BARREIROS et al., 2006).

Tannins have strong interactions with metal
ions and macromolecules, such as polysaccharides,
and the ability to form soluble complexes with
several proteins such as digestive enzymes
(GHOLAMHOSEINIAN et al., 2010). This ability
of tannins to interact with proteins makes this class
of substances potent inhibitors of digestive enzymes.
Wenzel (2013) reported that quercetin appears
to be a promising inhibitor of enzymes, limiting
carbohydrate digestion and acting controlling
postprandial blood glucose levels. These phenolic
compounds were identified in cagaita fruits, thus
confirming the medicinal properties according to
popular use.

Fruit consumption is the main source of
phenolic acids in the diet, as compared to vegetables
and grains, as fruits are richer in phenolic acids, which
normally have high antioxidant activity (FUKUJI et
al., 2010). Unripe and ripe cagaita fruits are rich
in phenolic compounds and in addition to their
content of minerals make them a promising source of
bioactive compounds, with antioxidant, anti-obesity
and nutritive action, so cagaita cultivation should be
stimulated (Figure 2).
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TABLE 1- Content of minerals and Daily Recommended Intake (DRI) of minerals (mg / day) for adults and
mineral contribution for DRI (%) in relation to 100 g of cagaita fruits.

Minerals(mg.100g™)

Ripe fruits Unripe fruits DRI (mg) RIi);ZI f(r(:ﬁs Ul?r;i(;ﬁ)i ts
Phosphorus 75.53 a 82.96 a 800.0 9.44 a 1037 a
Potassium 767.27b 896.5 a 2500.0 30.69b 35.86a
Calcium 27.16 b 44.52 a 800.0 3390 557a
Magnesium 20.37b 26.66 a 300.0 6.79b 8.88a
Sulfur 40.06 b 5253 a 500.0 8.01b 10.50 a
Zinc 0.76 a 0.77 a 15.0 5.06 a 513 a
Iron 091b 1.96 a 14.0 6.5b 12.20 a
Manganese 041b 0.61a 5.0 831D 12.36 a
Copper 0.27b 044 a 3.0 9.00 b 14.66 a
Boron 030b 1.0a 1.8 16.66 b 55.55a

Means followed by the same letter in rows do not statistically differ from each other by the Tukey test at 5% probability (P<0.05).

TABLE 2-Concentrations of phenolic acids identified in ripe and unripe cagaita fruits.

Cagaita fruits ( mg.100g™)

Number  Compound

Ripe Unripe
1 Gallic acid 6.04 a 5.76 b
2 Caffeic acid 0.28 a 1.57a
3 Vanillic Acid 85la 7.03b
4 Epicatechin 68.17b 75.19 a
5 p-coumaric acid 2.79b 2092 a
6 Syringing acid 1.66 b 2.50a
7 Ferulic acid 0.37b 0.61a
8 Salicylic acid 1837 a 17.55b
9 Quercetin 22.10a 14970
10 Rutin 4.50 b 4.55a

Means followed by the same letter in rows do not statistically differ from each other by the Tukey test at 5% probability (P<0.05).
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FIGURE 1- Chromatographic profile by HPLC-Uyv the ripe (A) and unripe (B) cagaita fruits. Os phenolic
acids sao: (1) gallic acid, (2) caffeic acid, (3) vanillic acid, (4) epicatechin, (5) p-coumaric
acid, (6) syringig acid, (7) ferulic acid, (8) salicylic acid,, (9) quercetin, (10) rutin.
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p-coumaric acid , (6) syringig acid, (7) ferulic acid , (8) salicylic acid , (9) quercetin, (10) rutin.

CONCLUSION

Unripe and ripe cagaita fruits have the
following phenolic compounds: gallic, caffeic,
vanillic, p-coumaric, syringic, ferulic and salicylic
acids, epicatechin, quercetin and rutin. In both
maturation stages, epicatechin is present in high
content.

Unripe and ripe cagaita fruits stand out due
to their high potassium content. For boron, unripe
and ripe cagaita fruits are considered source of this
mineral.

Thus, the consumption of cagaita should
be stimulated as a promising source of bioactive
compounds with significant potential to be exploited
in food, therapeutic and medicinal applications,
bringing health benefits.
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