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A B S T R A C T

We aimed at determining the bioactive compounds and chemical composition of jabuticaba

(Myrciaria jaboticaba (Vell.) O. Berg) and jussara (Euterpe edulis Mart.) fruits and their frac-

tions. With the exception of jabuticaba pulp, both fruits and their fractions might be exploited

as dietary fibre sources. Jabuticaba fruit may be considered as source of vitamin A and its

pulp source of Fe, Mn and Cu, while jussara pulp may be considered a source of Mn, Cu

and vitamins A and E. The phenolic profile of jabuticaba fractions (pulp, peel, seeds and

depulping residue) and jussara whole fruit and seed was investigated for the first time. Eleven

phenolic compounds were determined in each fruit, of which soluble forms were predomi-

nant, anthocyanins being the most abundant phenolics. Jabuticaba and jussara presented

higher antioxidant activity compared with berries. Our results indicate that jabuticaba and

jussara have high commercial potential due to their nutritional and functional properties.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The Brazilian fruits jabuticaba (Myrciaria jaboticaba (Vell.) O. Berg)
and jussara (Euterpe edulis Mart.) are threatened plant species
from the Brazilian Atlantic Forest. These fruits are highly ap-
preciated for their taste and flavour but seldom used
commercially, especially at an industrial scale. The commer-
cial sustainable use of these fruits might help in the
preservation of the Brazilian Atlantic Forest, which is one of
the 35 biomes on the planet considered as biodiversity hotspots.

Jabuticaba is a fruit tree grown at a low-scale by small
farmers mainly from the southeastern region of Brazil.The tree
produces fruits once or, more rarely, twice a year, usually
between the months of August and November. Jabuticaba fruit
presents a dark purple to black peel, and a whitish pulp with
sweet and slightly tangy taste and appreciable flavour. Because
of these quality attributes, this fruit has good marketing po-
tential, and it is used for producing high quality artisanal
products, such as juice, jam, jelly, vinegar, liqueur and wine.
Although jabuticaba is known and appreciated throughout
Brazil, it does not have high economic value because of its per-
ishability, which hampers commercialization (Wu, Long, &
Kennelly, 2013).

Jussara palm is very similar to açaí palm (Euterpe oleracea);
however, in contrast to açaí berry use, the main form of jussara
commercialization is through extraction of the edible palm
heart. Jussara palm is not commercially grown, being found
in forests of the southern and southeastern regions of Brazil.
Its rapid and illegal exploitation, without appropriate man-
agement, has contributed to jussara being included in the
endangered species list. Jussara fruit is composed of a single
seed covered with a thin shiny dark purple to black coloured
skin. Jussara is harvested annually, from April to November,
and the fruit is not eaten fresh. Jussara fruit is typically added
to water to soften its skin and its pulp that may be used for
producing juices and beverages, ice cream and jam, among other
products, is extracted. Harvesting of jussara fruits is a sus-
tainable activity potentially more profitable than extraction of
the palm heart (Borges et al., 2011; da Silva et al., 2013).

In general, berries present a wide variety of phenolic com-
pounds as well as carotenoids, vitamins and minerals (de Souza
et al., 2014). These compounds are associated with berries’ bio-
activity and potential health benefits in humans (Nile & Park,
2014). Since jabuticaba and jussara are rich in bioactive com-
pounds, such as anthocyanins and other phenolic compounds
and show high antioxidant activity (AA) (Bicudo, Ribani, & Beta,
2014; Borges et al., 2011; Rufino et al., 2010; Wu, Dastmalchi,
Long, & Kennelly, 2012), these Brazilian fruits might also present
bioactivity.

In addition to providing novel compositional data, a more
detailed nutritional and functional characterization of jabuticaba
and jussara and their fractions (peel, seed and pulp) will hope-
fully allow assessing the technological potential of these fruits
and value-added products, thus contributing to the sustain-
able use of Brazilian Atlantic Forest resources.Therefore, the aim
of the present study was to determine the antioxidant activity
and the chemical composition of jabuticaba and jussara fruits
and their fractions (Supplementary Fig. S1), with emphasis on
phenolic compounds, carotenoids, tocopherols and minerals.

2. Materials and methods

2.1. Standards and chemicals

Standard solutions of minerals were purchased from Quimlab
Química & Metrologia® (São Paulo, Brazil). Folin–Ciocalteu
reagent, 2,4,6-tris(2-pyridyl)-S-triazine (TPTZ), 2,2′-azino-bis
(2-ethylbenzothiazoline-6-sulphonic acid) diammonium
salt (ABTS), potassium persulphate, (±)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (Trolox), 2,2′-azobis(2-
methylpropionamidine) dihydrochloride (AAPH), fluorescein,
potassium phosphate, sucrose, glucose and tocopherol stan-
dards were purchased from Sigma-Aldrich Chemical Co. (St.
Louis, MO, USA). Sodium carbonate and aluminium chloride
were purchased from Spectrum Chemical Manufacturing Corp.
(Gardena, CA, USA). Iron (II) sulphate, fructose and L(+)-
ascorbic acid were purchased from Merck KGaA (Darmstadt,
Germany). Anthocyanin and non-anthocyanin standards were
purchased respectively from Indofine Chemical Co.
(Hillsborough, NJ, USA) and Sigma-Aldrich Chemical Co.
β-Carotene standard was isolated from carrot by open column
chromatography. All solvents were HPLC grade from Tedia (Fair-
field, OH, USA). HPLC grade water (Milli-Q System, Millipore,
Bedford, MA, USA) was used throughout the experiments.

2.2. Jabuticaba and jussara samples

Jabuticaba fruits (M. jaboticaba, cv. Sabará) from Minas Gerais
state, Brazil, from the 2012 crop, were purchased at Rio de Ja-
neiro’s agricultural trading centre. Jussara palm (E. edulis) fruits
from the 2012 crop were obtained from Juçaí® processing
company, situated in Resende (Rio de Janeiro state, Brazil). Fruits
were selected, washed and sanitized in 100 ppm solution of
sodium hypochlorite for 15 min.

Jabuticaba pulp was separated in a horizontal depulper, yield-
ing a residue composed of peel and seeds, which were manually
separated. Jussara fruits were immersed in water at 40 °C for
30 min for peel softening and processed in a vertical depulper
with water addition (1 L of water per 2.5 kg of fruit), yielding
jussara pulp and seeds. All samples were freeze-dried (Labconco,
Kansas City, MO), with the exception of jussara seeds that were
oven-dried, and stored at −20 °C.

2.3. Proximate composition, pH and total soluble solids

Moisture, protein, lipid, dietary fibre and ash contents of fruits
and their fractions were determined in triplicate, according to
official methods (Association of Official Analytical Chemists,
2000). Carbohydrate content was determined by difference.Total
soluble solids (TSS) of jabuticaba and jussara pulps and pH
values of fruits and their fractions were determined by offi-
cial methods (Association of Official Analytical Chemists, 2000).
Energy values were calculated from the contents of lipids, pro-
teins and carbohydrates multiplied by the Atwater factors
(9 kcal/g, 4 kcal/g, and 4 kcal/g, respectively).

2.4. Sugar contents by HPLC-RI

Glucose, fructose and sucrose in jabuticaba and jussara pulps
were analysed in duplicate directly after centrifugation
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(11,300× g, 10 min) and filtration through a 0.45 µm PTFE filter
unit (Millipore, Barueri, Brazil). Sugars were determined ac-
cording to Farah, Monteiro, Calado, Franca, and Trugo (2006),
using a liquid chromatography system composed of a quater-
nary pump LC-20AT (Shimadzu®, Kyoto, Japan), a refractive index
(RI) detector M-410 (Waters, Milford, MA, USA) and a signal in-
tegrator C-R6A (Shimadzu®). Chromatographic separation of
sugars was achieved using NH2 column (5 µm, 250 mm × 4.6 mm,
Zorbax®) and isocratic elution with 82% acetonitrile in water
at a flow rate of 1.0 mL/min. Identification of sugars was per-
formed by comparison with retention time of the respective
standard and quantification was performed by external
calibration.

2.5. Mineral composition by ICP-OES and ICP-MS

Sample digestion was performed in triplicate according to of-
ficial methods (Association of Official Analytical Chemists, 2000).

Calcium, sulphur, phosphorus, iron, magnesium, manga-
nese, potassium and sodium contents were determined using
an inductively coupled plasma optical emission spectrom-
eter (ICP-OES) with double vision configuration (axial and radial)
(iCAP 6300 Thermo Scientific®, Cambridge, England), equipped
with cyclonic spray chamber, MiraMist nebulizer (Mira Mist CE,
Burgener Research Inc., Mississauga, ON, Canada), charge
coupled-device detector (CCD) and iTEVA 2.0 operating soft-
ware for data acquisition.

Fe (λ = 249.940), K (λ = 769.896), Mn (λ = 257.610), Na
(λ = 589.592), P (λ = 213.618) and S (λ = 182.034) contents were
determined on axial view and Ca (λ = 393.366) and Mg
(λ = 280.270) contents on radial view. Quantification was per-
formed by external calibration.The operating conditions of ICP-
OES were 1200 W of incident power, 12 L/min of plasma gas
flow, 1.0 L/min of auxiliary gas flow, 0.19 bar of nebulizer pres-
sure, 50 rpm of rotation speed of the peristaltic pump during
data acquisition and 1 s of integration.

Cadmium, cobalt, copper, nickel, zinc and selenium con-
tents were determined using an inductively coupled plasma
mass spectrometer (ICP-MS) (iCAP Qc, Thermo Fisher Scien-
tific, Bremen, Germany) equipped with collision and reaction
cells, sample cones, nickel skimmer, quartz double pass cy-
clonic spray chamber (baffled), Teflon® concentric nebulizer
(FPA-ST), Peltier, quartz injector of 2.5 mm diameter,
autosampler (ASX 520, CETAC Technologies, Omaha, NE, USA)
and Qtegra operating software (version 1.5.1189.1) for data
acquisition.

The elements were determined in the form of isotopes 59Co,
60Ni, 65Cu, 66Zn, 82Se and 111Cd in standard mode. To correct the
transport interferences in sample introduction and ioniza-
tion, internal standardization was performed with the addition
and monitoring of isotopes 45Sc, 73Ge, 103Rh and 205Tl at a final
concentration of 5 µg/L. Quantification was performed by ex-
ternal calibration. The operating conditions of ICP-MS were
1500 W of incident power, 14 L/min of plasma gas flow, 0.8 L/
min of auxiliary gas flow, 10 ms of dwell time and 1 channel
per mass unit.

2.6. Ascorbic acid content by HPLC-DAD

Ascorbic acid in jabuticaba and jussara pulps was analysed in
duplicate directly after centrifugation (11,300× g, 10 min) and

filtration through a 0.45 µm PTFE filter unit. The liquid chro-
matography system (Shimadzu®) included a quaternary pump
LC-20AT, automatic injector SIL-20AHT, diode-array detector
(DAD) SPD-M20A, system controller CBM-20A and degasser
DGU-20A5. Chromatographic separation of ascorbic acid was
achieved using a reverse phase column (C18, 5 µm,
250 mm × 4.6 mm, Kromasil®) and isocratic elution with 2%
KH2PO4 buffer at a flow rate of 0.4 mL/min, according to
Scartezzini, Antognoni, Raggi, Poli, and Sabbioni (2006), with
adaptations. Ascorbic acid was monitored at 243 nm.

Identification of ascorbic acid was performed by compari-
son with retention time and UV absorption spectrum of the
standard. Quantification was performed by external calibra-
tion. Data were acquired by LC solution software (Shimadzu
Corporation®, version 1.25, 2009).

2.7. Carotenoid and tocopherol contents by HPLC-DAD-FL

Carotenoids and tocopherols were analysed using the methods
described by Rahmani and Csallany (1991) and Tan and
Brzuskiewicz (1989), with adaptations. Whole fruits were ex-
tracted in triplicate with 5 mL of methanol and 5 mL of hexane
in an ultrasound bath for 5 min and vortexed for 1 min. After
centrifugation (1690× g, 10 min, 10 °C), the upper hexane phase
was collected and the lower aqueous phase was re-extracted
three times following the same procedure. Hexane extracts were
combined, the solvent removed and the dry residue reconsti-
tuted in hexane. Saponification of extract was tested and found
to be unnecessary.

The liquid chromatography system (Shimadzu®) included
a quaternary pump LC-20AT, DAD SPD-M20A and fluores-
cence (FL) RF-10AXL detector, system controller CBM-20A and
degasser DGU-20A5. Chromatographic separation of carot-
enoids and tocopherols was achieved using a normal phase
silica column (5 µm, 250 mm × 4.6 mm, Zorbax®) and isocratic
elution with hexane:isopropanol (99:1, v/v) at a flow rate of
1.0 mL/min. Carotenoids were monitored by DAD at 450 nm and
tocopherols by FL at 330 nm for emission and 290 nm for
excitation.

Identification of analytes was performed by comparison with
retention time and absorption spectrum of the respective stan-
dard. Quantification was performed by external calibration. Data
were acquired by LC solution software (Shimadzu Corpora-
tion®, version 1.25, 2009).

2.8. Phenolic compounds profile by HPLC-DAD

2.8.1. Anthocyanins
Samples extraction was according to Rufino et al. (2010) with
modifications, except for jabuticaba pulp. Samples were ex-
tracted with methanol 50% in an Ultraturrax extractor T18 BASIC
(IKA®, Staufen, Germany) at 14,000 rpm for 1 min. After cen-
trifugation (1700× g, 10 min, 20 °C), the residue was re-extracted
once with methanol 50% and then with acetone:water:acetic
acid (70:29.5:0.5, v/v/v) as many times as necessary to obtain
a colourless supernatant. Supernatants were combined and fil-
tered with paper filter (Whatman no. 1). Since jabuticaba pulp
showed a very light pink colour, it was analysed directly after
centrifugation (11,300× g, 10 min). All extractions were per-
formed in triplicate.
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The liquid chromatography system described in section 2.6
was employed. Chromatographic separation of anthocyanins
was achieved using a reverse phase column (C18, 5 µm,
250 mm × 4.6 mm, Kromasil®), adapted from de Brito et al. (2007).
The mobile phase consisted of a gradient of 1% aqueous
formic acid (eluent A), 1% formic acid in methanol (eluent B)
and acetonitrile (eluent C), at a flow rate of 2.0 mL/min.
Eluent C concentration was kept constant at 2% during analy-
sis. Prior to injection, the column was equilibrated with 18%
B. After sample injection, solvent composition was kept
constant until 2 min, increased to 32% B in 6 min and
to 52% B in 8 min, and then decreased to 18% B in 18 min.
Between injections, 10 min intervals were allowed to re-
equilibrate the column with 18% B. Anthocyanins were
monitored at 530 nm.

2.8.2. Non-anthocyanin phenolic compounds
Extraction of soluble and insoluble non-anthocyanin pheno-
lic compounds from jabuticaba and jussara fruits was performed
in triplicate, according to the adapted methodology of Mattila
and Kumpulainen (2002). For soluble phenolic compounds,
samples were extracted for 10 min with 20 mL of cold ethanol
80% and centrifuged (2500× g, 5 min, 10 °C). The supernatant
was collected and the residue re-extracted. Supernatants were
combined, the solvent removed and the dry residue was re-
constituted in water.

For alkaline hydrolysis, the soluble phenolic compound ex-
traction residue was incubated with 12 mL of water and 5 mL
of NaOH (10 M) at room temperature in the dark for 16 hours
with agitation. After this period, the pH was adjusted to 2 and
the mixture was extracted for 30 s with 15 mL of ethyl acetate.
After centrifugation (2500× g, 5 min, 10 °C), the supernatant was
collected and the extraction procedure repeated twice. Super-
natants were combined, the solvent removed and the dry
residue was reconstituted in methanol 80%.

For acid hydrolysis, the alkaline hydrolysis extraction residue
was incubated with 2.5 mL of concentrated HCl at 85 °C for
30 min. Then, the same extraction with ethyl acetate de-
scribed for alkaline hydrolysis was performed. All extracts were
filtered through a 0.45 µm cellulose ester membrane (Millipore®,
São Paulo, Brazil) prior to HPLC analysis.

Chromatographic separation of non-anthocyanin pheno-
lic compounds was achieved using a reverse phase column (C18,
5 µm, 250 mm × 4.6 mm, Phenomenex®), adapted from Alves
and Perrone (2015). The mobile phase consisted of a gradient
of 0.3% aqueous formic acid (eluent A), methanol (eluent B) and
acetonitrile (eluent C), at a flow rate of 1.0 mL/min. Eluent C
concentration was kept constant at 1% during analysis. Prior
to injection, the column was equilibrated with 18% B. After
sample injection, solvent composition changed to 20% B in
1 min, 43% B in 18 min, 85% in 23 min and kept constant until
30 min. Between injections, 10 min intervals were allowed to
re-equilibrate the column with 18% B. Non-anthocyanin phe-
nolic compounds were monitored from 190 to 370 nm.

Identification of all phenolic compounds was performed by
comparison with retention time and absorption spectrum of
the respective standard. Quantification was performed by ex-
ternal calibration. Data were acquired by LC solution software
(Shimadzu Corporation®, version 1.25, 2009).

2.9. Antioxidant activity

The AA was determined in the same extracts used for antho-
cyanin analysis using Folin–Ciocalteu, FRAP (ferric reducing
ability of plasma), TEAC (Trolox equivalent antioxidant capac-
ity) and ORAC (oxygen radical antioxidant capacity) assays.

The Folin–Ciocalteu assay was performed as described by
Singleton, Orthofer, and Lamuela-Raventós (1999). The results
were expressed as g of gallic acid equivalents (GAE) per 100 g
on a dry weight basis (dwb). The FRAP assay was performed
according to Benzie and Strain (1996) with slight modifica-
tions. Results were expressed as mmol of Fe2+ equivalents per
100 g dwb.The TEAC assay was performed according to Re et al.
(1999) with slight modifications. Results were expressed as
mmol of Trolox equivalents per 100 g dwb.The ORAC assay was
performed according to Zulueta, Esteve, and Frígola (2009) with
slight modifications. Results were expressed as mmol of
Trolox equivalents per 100 g dwb. Each extract was analysed
in triplicate.

2.10. Statistical analysis

Data were expressed as mean ± standard deviation. Analysis
of variance (one-way ANOVA) followed by Tukey’s multiple com-
parison post-test was performed for comparing fruits fractions,
using GraphPad Prism software for Windows, version 5.04
(GraphPad Software, San Diego, CA, USA). Pearson correlation
analysis was performed to evaluate associations between vari-
ables, using Statistica software, version 7.0 (StatSoft Inc., Tulsa,
OK). Results were considered significant when p < 0.05.

3. Results and discussion

3.1. Proximate composition, total soluble solids, pH
values and sugar contents

Jabuticaba and jussara pulps exhibited high moisture
contents, 87.3% on average (Table 1). Brazilian legislation clas-
sification of açaí pulp according to moisture content could be
adopted for jussara pulp because of their similarities. In that
case, the jussara pulp sample would be classified as “thick or
special” (moisture <86 g/100 g). Jabuticaba fractions pre-
sented lower pH values (3.3 to 4.1) than jussara (4.8 to 6.2), which
were similar to those previously reported (4.8) (Borges et al.,
2011). Low pH values favour anthocyanin stability and inhibit
microbial growth. Jabuticaba fruit and its fractions showed low
lipid content (<1.8%). In contrast, jussara pulp exhibited high
lipid content (46.6%), similar to those found in other studies
regarding jussara (18% to 44%) and açaí pulps (33% to 49%)
(Borges et al., 2011). Jabuticaba depulping residue and peel, and
jussara pulp presented the highest ash contents among frac-
tions (>3.4%) and all samples exhibited low protein contents
(<8.5%). In general, our results are in accordance with previ-
ous published proximate composition data (Alezandro, Dubé,
Desjardins, Lajolo, & Genovese, 2013; Borges et al., 2011; da Silva,
Rodrigues, Mercadante, & de Rosso, 2014; Rufino et al., 2010).

In general, all fractions presented high contents of carbo-
hydrates (>85.7%), with the exception of jussara pulp (42.5%)
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(Table 1). Dietary fibre comprised more than 64% of carbohy-
drates in jussara fruit and its fractions. In fact, low contents
of fructose (0.5 ± 0.05 g/100 mL fwb) and glucose (0.3 ± 0.01 g/
100 mL fwb) were found in jussara pulp, as well as low TSS
(3.0 °Brix). In contrast, dietary fibre comprised less than 44%
of carbohydrates in jabuticaba fruit and its fractions. More-
over, jabuticaba pulp carbohydrates were not composed of
dietary fibre, but simple sugars, from which fructose (6.9 ± 0.3 g/
100 mL fwb) was the most abundant, followed by glucose
(4.2 ± 0.1 g/100 mL fwb) and sucrose (0.5 ± 0.02 g/100 mL fwb).
These results were consistent with the high TSS (12.0 °Brix)
and are in accordance with published data (Lima, Corrêa,
Dantas-Barros, Nelson, & Amorim, 2011). The high amounts
of sugars found in jabuticaba pulp are responsible for the fruit’s
sweet taste and high potential for juice production.

The consumption of 100 g of fresh jabuticaba fruit and
jussara pulp would provide approximately 17% of the recom-
mended daily intake of total fibre for adults (Otten, Hellwig,
& Meyers, 2006). Even though jussara seeds and jabuticaba peel,
seeds and depulping residue are non-edible fractions, they
might be exploited as dietary fibre sources for food enrichment.

A small cup (200 mL) of fresh jabuticaba pulp contains
66 kcal, which represents only 3.3% of daily energy intake based
on a 2000 kcal diet. This energy density is similar to that of
blackberry juice (76 kcal) and lower than reported for highly
consumed fruit juices like orange (90 kcal), apple (92 kcal), cran-
berry (92 kcal), pineapple (106 kcal) and grape (120 kcal) (United
States Departament of Agriculture, Agricultural Research
Service, 2014). On the other hand, jussara pulp presents higher
energy density (0.8 kcal/mL), mainly for its high lipid content
and therefore may be used as nutritional supplement in weight
gain diets.

3.2. Micronutrients

3.2.1. Minerals
Fourteen minerals were quantified in jabuticaba and jussara
fruits and their fractions (Table 2). Pulps, the main edible part
of these fruits, presented the highest contents of most min-
erals. In general, jabuticaba mineral composition was in

accordance with data reported by Alezandro et al. (2013) and
Lima, Corrêa, Dantas-Barros et al. (2011), with the exception
of iron, which content was 8.8-fold higher in the whole fruit
than that reported by these same authors. This difference may
be related to variations in cultivar, soil, weather, agricultural
practices and ripeness stage (de Souza et al., 2014). To the best
of our knowledge, cobalt, nickel and cadmium were analysed
for the first time in jabuticaba fruit. These two latter heavy
metals were found in contents that do not pose any risk of
human intoxication through intake (European Food Safety
Authority, 2006). Moreover, selenium, which has only been re-
ported to occur as traces in jabuticaba (Alezandro et al., 2013;
Lima, Corrêa, Dantas-Barros et al., 2011), was quantified in this
fruit and its fractions in the present study due to the high sen-
sitivity of the ICP-MS technique.

Although iron bioavailability from vegetable foods is gen-
erally lower than from animal sources, the iron content found
in jabuticaba pulp (6.0 mg/100 g fwb) was much higher than
that of well-known iron-rich vegetable foods, such as baked
beans (1.5 mg/100 g fwb) and cabbage (0.5 mg/100 g fwb).There-
fore, consumption of a small cup (200 mL) of fresh jabuticaba
pulp would account for 70% and 31% of the RDA for male and
female adults, respectively (Otten et al., 2006) (Supplementary
Table S1). Considering the high prevalence of iron-deficiency
in Brazil, jabuticaba fruit products might contribute to in-
crease dietary iron intake. Jabuticaba may also be considered
as a nutritional source of copper, contributing to 34% of the
RDA for adults per 200 mL of pulp, and manganese, contrib-
uting to 17% and 22% of the RDA for male and female adults,
respectively (Otten et al., 2006). Potassium was the most abun-
dant mineral in jabuticaba pulp and its contribution to RDA
(7.2% per 200 mL cup of pulp) (Otten et al., 2006) is similar to
that of other juices recognized to be sources of potassium such
as grapefruit (6.8%), tangerine (7.6%), orange (8.4%) and passion
fruit (11.8%) (United States Departament of Agriculture,
Agricultural Research Service, 2014).

The mineral contents in jussara pulp were similar, yet con-
sistently lower than those reported by da Silva et al. (2013), with
the exception of potassium, which concentration was 3.6-
fold higher than that reported by these authors.The manganese

Table 1 – Proximate composition and pH values of jabuticaba and jussara fruits and their fractions.

Jabuticaba Jussara

Whole fruit Pulp Peel Seed Depulping
residue

Whole fruit Pulp Seed

Moisture1 (%) 87.4 ± 0.2b 90.7 ± 6.2a 80.9 ± 0.2c 58.0 ± 0.2e 76.6 ± 1.9d 51.9 ± 0.3b 83.8 ± 0.5a 48.9 ± 0.2c

Ash1 (%) 3.1 ± 0.0b 3.2 ± 0.2b 4.0 ± 0.0a 2.4 ± 0.0c 4.2 ± 0.1a 2.5 ± 0.0b 3.4 ± 0.0a 1.7 ± 0.0c

Lipid1 (%) 1.8 ± 0.0a 0.2 ± 0.0d 0.6 ± 0.0b 0.6 ± 0.0b 0.5 ± 0.0c 6.9 ± 0.3b 46.6 ± 0.0a 0.7 ± 0.0c

Protein1 (%) 5.0 ± 0.1c 3.5 ± 0.0d 8.5 ± 0.0a 7.1 ± 0.2b 7.5 ± 0.2b 5.0 ± 0.3b 7.5 ± 0.1a 4.3 ± 0.1b

Carbohydrate1 (%) 90.1 ± 0.1b 93.1 ± 0.2a 86.9 ± 0.3d 89.8 ± 0.3b 87.9 ± 0.0c 85.7 ± 0.4b 42.5 ± 0.1c 93.3 ± 0.1a

Dietary fibre1 (%) 38.2 ± 0.6a ND3 38.4 ± 1.2a 31.8 ± 0.7b 36.1 ± 0.7a 71.8 ± 0.6b 27.1 ± 0.0c 79.0 ± 0.4a

Energy value (kcal/100g fwb2) 31 36 44 112 56 66 83 41
pH 3.6 ± 0.0b 3.3 ± 0.0d 3.3 ± 0.0d 4.1 ± 0.0a 3.4 ± 0.0c 5.5 ± 0.0b 4.8 ± 0.0c 6.2 ± 0.0a

1 Results expressed on dwb as mean ± SD for triplicates. Different letters in the line indicate significant difference between fractions of the
same fruit (One-way ANOVA followed by Tukey post hoc, p < 0.05).

2 Fresh weight basis.
3 Not detected.
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content of jussara pulp (0.5 mg/100 g fwb) is similar to other
commonly consumed berries (0.3 mg/100 g to 0.7 mg/100 g fwb)
(United States Departament of Agriculture, Agricultural Research
Service, 2014). In fact, jussara may be considered as a nutri-
tional source of manganese, contributing to 40% and 51% of
the RDA for male and female adults, respectively, per 200 mL
cup of pulp, and copper, contributing to 17% of the RDA for
adults (Otten et al., 2006) (Supplementary Table S1).

3.2.2. Vitamins
The content of ascorbic acid in jabuticaba pulp (8.6 ± 0.2 mg/
100 mL) was lower than that reported by Abe, Lajolo, and
Genovese (2011) and Lima, Corrêa, Saczk, Martins, and Castilho
(2011) (25 mg/100 mL) and much lower than that reported by
Rufino et al. (2010) (238 mg/100 mL). These last authors also re-
ported a much higher content for jussara pulp (186 mg/
100 mL) than that observed in the present study (5.2 ± 0.1 mg/
100 mL). It is noteworthy that the HPLC method employed in
the present work is much more specific than the 2,6-
dichlorophenol indophenol method used by Rufino et al. (2010),
especially considering that the red colour of the titrimetric end-
point is very similar to the colour of these berries. Moreover,
the variability of ascorbic acid contents could also be related
to soil, weather, agricultural practices and ripeness stage, as
well as losses during harvest, transport, storage and depulping
process. Nevertheless, ascorbic acid contents in jabuticaba and
jussara pulps are similar to other non-citrus fruit juices, such
as blackberry, cranberry and prune (4 mg/100 mL to 11 mg/
100 mL) (United States Departament of Agriculture, Agricultural
Research Service, 2014), and a 200 mL cup of jabuticaba pulp
would contribute to 19% and 23% of the RDA for male and
female adults, respectively.

β-Carotene was the only carotenoid identified and quanti-
fied in jabuticaba (873 ± 27 µg/100 g dwb; 73 µg retinol activity
equivalent/100 g dwb) and jussara whole fruits (86 ± 12 µg/
100 g dwb; 7 µg retinol activity equivalent/100 g dwb)
(Supplementary Fig. S2). If one considers that the pulp corre-
sponds to approximately only 10% of the whole fruit weight,
jussara pulp β-carotene content would be around 2500 µg/
100 g dwb, similar to that reported by da Silva et al. (2014)
(2354 µg/100 g dwb). These authors also reported 11 other ca-
rotenoids using HPLC-DAD-MS, including lutein, α-carotene, 13-
cis-β-carotene, 9-cis-neoxanthin, cis-lutein, 15-cis-β-carotene,
totalling 6522 µg/100 g dwb. To the best of our knowledge, our
work is the first report on the carotenoid profile of jabuticaba.

According to the classification sources of carotenoids pro-
posed by Britton and Khachik (2009), both jabuticaba whole fruit
(110 µg/100 g fwb) and jussara pulp (414 µg/100 g fwb) would
be considered as moderate sources, similarly to blackberry
(128 µg/100 g fwb), papaya (274 µg/100 g fwb), watermelon
(303 µg/100 g fwb) and guava (374 µg/100 g fwb). Commonly con-
sumed berries, such as strawberry, raspberry and cherry (7 µg/
100 g to 38 µg/100 g fwb) are classified as low sources of
carotenoids (United States Departament of Agriculture,
Agricultural Research Service, 2014).

To the best of our knowledge, this is the first study to report
tocopherol contents in both jabuticaba and jussara fruits
(Supplementary Fig. S3). Jabuticaba whole fruit contained α-
(0.72 ± 0.04 mg/100 g dwb), β- (0.13 ± 0.01 mg/100 g dwb) and
γ-tocopherols (0.01 ± mg/100 g dwb). Although β-tocopherol
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content in jabuticaba fruit was similar to that of berries, such
as strawberry, blueberry, raspberry and blackberry (0.11 mg/
100 g to 0.42 mg/100 g dwb), total tocopherol content was much
lower than that of these berries (4.2 mg/100 g to 21.5 mg/
100 g dwb) (United States Departament of Agriculture,
Agricultural Research Service, 2014). Jussara whole fruit also
presented α- (0.59 ± 0.06 mg/100 g dwb), β- (0.03 ± 0.00 mg/
100 g dwb) and γ-tocopherols (0.06 ± 0.00 mg/100 g dwb). Jussara
pulp may be considered as a source of vitamin E, as 200 g of
fresh pulp would contribute to 39% of the RDA for adults (Otten
et al., 2006). Similarly to jussara, Darnet, Serra, Rodrigues, and
da Silva (2011) reported α-, β- and γ-tocopherols in açaí pulp,
but their total tocopherol content was twice higher than that
estimated in the present study for jussara pulp.

3.3. Phenolic compounds

Phenolic compounds occur in plants as soluble (aglycones and
conjugated glycosides) and insoluble forms. Phenolics in the
insoluble forms are covalently bound to cell wall structural com-
ponents such as cellulose, hemicellulose, lignin, pectin and
structural proteins. This fraction is not extractable by organic
solvents, being released after alkaline and acid treatments.
While alkaline hydrolysis breaks ester bonds, acid hydrolysis
breaks glycosidic bonds, but generally leaves ester bonds intact
(Acosta-Estrada, Gutiérrez-Uribe, & Serna-Saldívar, 2014).To the
best of our knowledge, the profile of soluble and insoluble forms
of phenolic compounds of jabuticaba and jussara were inves-
tigated for the first time in the present study.

Eleven phenolic compounds were identified and quanti-
fied in jabuticaba whole fruit, being three hydroxybenzoic acid

derivatives (gallic, 3,4-dihydroxybenzoic and ellagic acids), two
hydroxycinnamic acid derivatives (m-coumaric and trans-
cinnamic acids), four flavonols (rutin, myricetin, myricitrin and
quercetin) and two anthocyanins (cyanidin-3-O-glucoside and
delphinidin-3-O-glucoside) (Supplementary Fig. S4). All of these
compounds have already been reported in jabuticaba whole
fruit by other authors (Wu et al., 2013), with the exception of
m-coumaric acid, which was found in jabuticaba for the first
time, to the best of our knowledge, in the present study. Other
thirty-six phenolic compounds (four anthocyanins, three fla-
vonols, eleven gallotannins, twelve ellagitannins, two depsides,
one hydroxybenzoic acid, one hydroxycinnamic acid and two
hydroxycinnamic alcohols) have been reported to occur in
jabuticaba fruit (Alezandro et al., 2013; Wu et al., 2013).

Total phenolic content in jabuticaba whole fruit was 815 mg/
100 g dwb, being 56% of soluble phenolics and 44% of insoluble
phenolics (Table 3). Of those insoluble forms of phenolics, half
were linked to cell wall constituents by ester bonds and half
by glycosidic bonds. As observed in the present study, soluble
phenolics are those reported to be predominant in fruits and
vegetables (Acosta-Estrada et al., 2014). Total soluble pheno-
lic content in jabuticaba whole fruit (452 mg/100g dwb) was
lower than that reported by Reynertson, Yang, Jiang, Basile, and
Kennelly (2008) (604 mg/100 g dwb) and by Wu et al. (2012)
(868 mg/100 g dwb). These differences may be related to varia-
tions in cultivar, soil, weather, agricultural practices and ripeness
stage, but also to a larger number of phenolics identified by
Wu et al. (2012) using LC-TOF-MS.

Cyanidin-3-O-glucoside, delphinidin-3-O-glucoside, rutin,
quercetin, myricitrin and m-coumaric acid were found exclu-
sively as soluble forms in jabuticaba whole fruit. Myricetin was

Table 3 – Phenolic compound contents (mg/100 g dwb) in jabuticaba fruit and its fractions.1

Compound Extract Whole
fruit

Pulp Peel Seed Depulping
residue

Gallic acid Soluble phenolics 7.9 ± 0.1d 3.2 ± 0.0d 21 ± 1c 30 ± 1b 40 ± 2a

Cyanidin-3-O-glucoside 280 ± 18c 0.4 ± 0.0e 1.261 ± 18a 58 ± 4d 707 ± 32b

Delphinidin-3-O-glucoside 48 ± 1c ND2 269 ± 11a 11.8 ± 0.4d 157 ± 5b

Rutin 77 ± 2c 7.1 ± 0.6d 247 ± 5a 241 ± 12a 195 ± 5b

Myricetin 0.4 ± 0.0c 0.2 ± 0.0c 4.3 ± 0.2a 2.0 ± 0.1b 2.1 ± 0.0b

Quercetin 0.4 ± 0.0c ND 3.5 ± 0.0a 0.4 ± 0.0c 1.6 ± 0.0b

m-coumaric acid 0.3 ± 0.0c 0.6 ± 0.0a 0.2 ± 0.0d 0.6 ± 0.1a 0.4 ± 0.0c

Myricitrin 3.5 ± 0.1b 0.7 ± 0.0d 20 ± 0a 1.8 ± 0.0c 20 ± 1a

Ellagic acid 34 ± 1d 5.3 ± 0.3e 178 ± 5a 83 ± 8c 99 ± 4b

Subtotal 452 ± 22c 18 ± 1d 2004 ± 40a 429 ± 26c 1222 ± 49b

Gallic acid Alkaline hydrolysis 135 ± 1c ND 123 ± 16c 345 ± 5a 253 ± 21b

3,4-dihydroxybenzoic acid 4.4 ± 0.5c ND 16 ± 1a ND 8.4 ± 0.2b

Myricetin 0.4 ± 0.0b 0.7 ± 0.3b 0.2 ± 0.0b 2.1 ± 0.2a 0.4 ± 0.0b

Trans-cinnamic acid 1.4 ± 0.2a 0.4 ± 0.0b 0.5 ± 0.1b ND 0.6 ± 0.0b

Ellagic acid 40 ± 1b ND 61 ± 7a 41 ± 2b 53 ± 4.0ab

Subtotal 181 ± 3c 1.1 ± 0.3d 201 ± 24c 388 ± 7a 315 ± 25b

Gallic acid Acid hydrolysis 63 ± 3a 1.3 ± 0.1e 9.2 ± 0.5d 47 ± 1b 14 ± 1c

Myricetin ND ND 0.6 ± 0.0a 0.4 ± 0.1b 0.4 ± 0.0ab

Ellagic acid 119 ± 24a ND 37 ± 4b 120 ± 13a 106 ± 10a

Myricitrin ND ND ND 1.7 ± 0.1a ND
Subtotal 182 ± 27a 1.3 ± 0.1d 47 ± 5c 169 ± 14a 120 ± 11b

Total 815 ± 52d 20 ± 1e 2252 ± 69a 986 ± 47c 1658 ± 85b

1 Results expressed as mean ± SD for triplicates. Different letters in the line indicate significant difference between fractions (One-way ANOVA
followed by Tukey post hoc test, p < 0.05).

2 Not detected.
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equally distributed as soluble and insoluble forms. Gallic and
ellagic acids were found predominantly as insoluble forms (89%
on average) and 3,4-dihydroxybenzoic and trans-cinnamic acids
were found exclusively as insoluble forms, being linked by ester
bonds. In plants, phenolic acids occur mostly in the insoluble
forms whereas flavonoids are usually found as soluble forms
(Acosta-Estrada et al., 2014), which is in accordance with the
phenolic profile observed in the present study.

Cyanidin-3-O-glucoside was the most abundant phenolic
compound in jabuticaba whole fruit (34%), in accordance with
data from other authors (Reynertson et al., 2008; Wu et al., 2012).
However, differently from these authors, gallic (25%) and ellagic
acids (24%) were also major phenolics.These compounds could
only be found in large amounts because insoluble forms were
considered in the present study, highlighting the relevance of
alkaline and acid hydrolyses for properly quantifying pheno-
lic compounds in fruits. In fact, Abe et al. (2011) and Alezandro
et al. (2013) reported even higher levels of ellagic acid than that
found in the present study, probably due to the employment
of an extraction and hydrolysis procedure specific for the analy-
sis of ellagitannins.

We also investigated for the first time the phenolic profile
in different jabuticaba fractions (pulp, peel and seed) and
depulping residue. Jabuticaba peel showed the highest total phe-
nolic compounds content (2252 mg/100 g dwb), followed by the
residue (1658 mg/100 g dwb), seed (986 mg/100 g dwb) and pulp
(20 mg/100 g dwb) (Table 3). The highest content of phenolic
compounds in jabuticaba peel was expected since the syn-
thesis of these compounds is increased under stress conditions,
such as UV radiation (Winkel-Shirley, 2002).

Cyanidin-3-O-glucoside was also the major phenolic com-
pound in both peel (56%) and residue (43%), while rutin and
gallic acid were the major phenolic compounds in pulp (36%)
and seed (43%), respectively. Phenolic compounds were found
predominately in the soluble forms in jabuticaba pulp (90%),

peel (89%) and residue (74%), whereas in the seed phenolic com-
pounds were mainly found as insoluble forms (56%).

Eleven phenolic compounds were identified and quanti-
fied in jussara pulp, being three hydroxybenzoic acid derivatives
(gallic, 4-hydroxybenzoic and 3,4-dihydroxybenzoic acids), four
hydroxycinnamic acid derivatives (m-coumaric, p-coumaric,
ferulic and trans-cinnamic acids), two hydroxypheny-
lacetic acid derivatives (4-hydroxyphenylacetic and
3,4-dihydroxyphenylacetic acids) and two anthocyanins
(cyanidin-3-O-glucoside and cyanidin-3-O-rutinoside)
(Supplementary Fig. S5). From those, m-coumaric, trans-
cinnamic, 4-hydroxyphenylacetic and 3,4-dihydroxyphenylacetic
acids were observed for the first time in jussara pulp. Other
twenty-eight phenolic compounds (eight anthocyanins, three
flavanols, four flavonols, seven flavones, three hydroxybenzoic
acids and three hydroxycinnamic acids) were observed in
jussara pulp by other authors (Bicudo et al., 2014; Borges et al.,
2011; da Silva et al., 2014; de Brito et al., 2007). In jussara whole
fruit, 3,4-dihydroxybenzoic, 3,4-dihydroxyphenylacetic and trans-
cinnamic acids were not found probably due to their low
concentration in the seed (which comprises about 90% of the
whole fruit weight) and in the pulp.

Total phenolic content in jussara pulp was 1783 mg/100 g
dwb, being 95% of soluble phenolics and 5% of insoluble phe-
nolics (Table 4). The relative abundance of soluble phenolics
was similar to that observed for jabuticaba pulp in the present
study and might be explained by their lower fibre contents in
relation to other fruit fractions. Total soluble phenolic content
in jussara pulp (1695 mg/100 g dwb) was lower than that re-
ported by da Silva et al. (2014) (4087 mg/100 g dwb) and by de
Brito et al. (2007) (2956 mg/100 g dwb) and higher than that re-
ported by Bicudo et al. (2014) for soluble and insoluble phenolics
(244 mg/100 g dwb). It has already been reported that ripe-
ness stage (Bicudo et al., 2014) and geographical origin (Borges
et al., 2011) affect jussara phenolic compound contents.

Table 4 – Phenolic compounds contents (mg/100 g dwb) in jussara fruit and its fractions.1

Compound Extract Whole fruit Pulp Seed

Gallic acid Soluble phenolics 3.8 ± 0.0a 4.4 ± 0.3a 1.0 ± 0.1b

Cyanidin-3-O-glucoside 61 ± 1a 425 ± 8b ND
Cyanidin-3-O-rutinoside 195 ± 20a 1255 ± 17b ND
3,4-dihydroxybenzoic acid ND2 4.5 ± 0.1a 1.1 ± 0.0b

4-hydroxybenzoic acid ND 3.4 ± 0.1a 2.3 ± 0.2b

trans-cinnamic acid ND 0.03 ± 0.01a ND
m-coumaric acid 0.03 ± 0.01b 0.4 ± 0.0a ND
4-hydroxyphenylacetic acid 2.9 ± 0.3a 2.6 ± 0.4a ND

Subtotal 263 ± 21b 1695 ± 26a 4.4 ± 0.3c

p-coumaric acid Alkaline hydrolysis 5.5 ± 0.1a 4.6 ± 0.2b 2.3 ± 0.2c

Ferulic acid 19 ± 1a 17 ± 2b 4.0 ± 0.3c

4-hydroxybenzoic acid 24 ± 1a 20 ± 1ab 19 ± 1b

3,4-dihydroxybenzoic acid ND 1.1 ± 0.1a ND
Subtotal 49 ± 2a 43 ± 3b 25 ± 2c

3,4-dihydroxyphenylacetic acid Acid hydrolysis ND 5.9 ± 0.7a ND
Ferulic acid 3.3 ± 0.4b 4.6 ± 0.4a 1.4 ± 0.1c

4-hydroxybenzoic acid 19 ± 2b 34 ± 0a 16 ± 1b

Subtotal 22 ± 2b 45 ± 1a 17 ± 1c

Total 334 ± 26b 1783 ± 30a 47 ± 3c

1 Results expressed as mean ± SD for triplicates. Different letters indicate significant differences between fractions (One-way ANOVA followed
by Tukey post hoc test, p < 0.05).

2 Not detected.
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Moreover, differences in analytical methodologies may also
explain the observed variations.

Cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside and trans-
cinnamic, m-coumaric, gallic and 4-hydroxyphenylacetic acids
were found exclusively as soluble forms in jussara pulp. 3,4-
dihydroxybenzoic acid was predominantly found in the soluble
form (80%) and the insoluble form was exclusively linked by
ester bonds (released after alkaline hydrolysis). Ferulic,
p-coumaric, 4-hydroxybenzoic and 3,4-dihydoxyphenylacetic
acids were exclusively or mostly found as insoluble forms (98%
on average). Once again, the distribution of phenolic classes
between soluble and insoluble forms is in accordance with lit-
erature data (Acosta-Estrada et al., 2014).

Cyanidin-3-O-rutinoside was the most abundant phenolic
compound in jussara pulp (70%), followed by cyanidin-3-O-
glucoside (24%), in accordance with previous studies (Bicudo
et al., 2014; Borges et al., 2011; da Silva et al., 2014). Consid-
ering that these anthocyanins were exclusively found as soluble
forms in jussara pulp, hydrolysis procedures are of less rel-
evance for the investigation of phenolic compounds in this fruit.

Phenolic composition data of jussara available in the lit-
erature are limited to its pulp. In the present study, we
investigated for the first time the phenolic profile of jussara
whole fruit and seed. Jussara whole fruit and its seed con-
tained total phenolic compound contents of 334 mg/100 g dwb
and 47 mg/100 g dwb, respectively. While soluble phenolic com-
pounds were the most abundant in the whole fruit (79%), the
majority of phenolic compounds in the seed were insoluble
linked to carbohydrates (89%). Differently from the whole fruit
and its pulp, the major phenolic compound in jussara seed was
4-hydroxybenzoic acid, which represented 79% of the total phe-
nolic compounds content.

3.4. Antioxidant activity

Folin–Ciocalteu, FRAP,TEAC and ORAC values for jabuticaba and
jussara fruits and their fractions are shown in Table 5. Our
results are similar to those reported in the literature for these
fruits (Batista et al., 2014; Bicudo et al., 2014; Rufino et al., 2010;
Wu et al., 2013) and higher than those of berries, such as açaí,
blackberry, blueberry, jambolão, raspberry and strawberry (de

Souza et al., 2014; Rufino et al., 2010). Jabuticaba peel, seed and
depulping residue and jussara pulp stood out among frac-
tions independently of the assay used. On the other hand,
jabuticaba pulp and jussara seed showed the lowest AA among
fractions.

A positive correlation (r > 0.82, p < 0.01) was observed between
total phenolic compounds and AA values, independently of the
assay, indicating that these bioactive compounds are the major
contributors to AA of jabuticaba and jussara fruits and their
fractions. It should be noted that other well-known fruit an-
tioxidants, like flavan-3-ols monomers, proanthocyanidins,
gallotannins and ellagitannins, which were not evaluated in
the present study, could also contribute to the AA of these two
fruits. Folin–Ciocalteu, FRAP, TEAC and ORAC values were
strongly correlated, indicating that these assays were all suit-
able for measuring the AA of these samples (r > 0.97, p < 0.0001).
However, if we plot the content of total phenolic compounds
vs. AA values in jabuticaba, the slope of the linear regression
for the FRAP assay (0.083 mmol Fe2+/mg phenolics) was higher
than that for TEAC (0.042 mmol Trolox/mg phenolics), ORAC
(0.034 mmol Trolox/mg phenolics) and Folin–Ciocalteu assays
(0.005 g GAE/mg phenolics), suggesting that FRAP was the most
sensitive assay in measuring the AA of jabuticaba. For jussara,
on the other hand, ORAC was the most sensitive assay as it
presented the highest slope (0.086 mmol Trolox/mg pheno-
lics) in comparison to FRAP (0.058 mmol Fe2+/mg phenolics),
TEAC (0.038 mmol Trolox/mg phenolics) and Folin–Ciocalteu
assays (0.004 g GAE/mg phenolics).

The highest sensitivity of FRAP and ORAC assays in mea-
suring the AA of jabuticaba and jussara fruits, respectively, may
be explained by their anthocyanin profiles. FRAP assay was more
sensitive in measuring the AA of cyanidin-3-O-glucoside
(slope = 0.150 mmol Fe2+/mg), the major anthocyanin in
jabuticaba, than cyanidin-3-O-rutinoside (slope = 0.079 mmol
Fe2+/mg), the major anthocyanin in jussara. Conversely, ORAC
assay was more sensitive in measuring the AA of cyanidin-3-
O-rutinoside (slope = 0.119 mmol Trolox/mg) than cyanidin-3-
O-glucoside (slope = 0.061 mmol Trolox/mg). It has already been
reported that the sugar moiety affects the AA of flavonoids.
Moreover, glycosylation with rutinose leads to higher scav-
enging of free radicals than with other sugars (Heim, Tagliaferro,

Table 5 – Antioxidant activity of jabuticaba and jussara fruits and their fractions measured
by Folin–Ciocalteu, FRAP, TEAC and ORAC assays.1

Folin–Ciocalteu
(g GAE2/100 g)

FRAP (mmol
Fe2+/100 g)

ORAC (mmol
Trolox/100 g)

TEAC (mmol
Trolox/100 g)

Jabuticaba
Whole fruit 6.0 ± 0.1d 71.2 ± 13.0c 36.3 ± 2.2c 43.5 ± 6.2d

Pulp 0.6 ± 0.0e 5.1 ± 0.1d 5.6 ± 1.6d 4.6 ± 0.1c

Peel 12.1 ± 0.2a 192.1 ± 8.7a 82.7 ± 0.9a 97.6 ± 0.8a

Seed 10.7 ± 0.1b 186.6 ± 2.9a 65.4 ± 1.8b 97.9 ± 0.2a

Depulping residue 9.0 ± 0.2c 167.1 ± 7.7b 71.6 ± 5.0b 92.6 ± 1.0b

Jussara
Whole fruit 1.2 ± 0.1b 15.9 ± 0.3b 33.6 ± 0.9b 14.3 ± 0.8b

Pulp 7.5 ± 0.7a 100.4 ± 5.4a 154.4 ± 10.0a 67.7 ± 2.9a

Seed 0.2 ± 0.0c 1.2 ± 0.0c 2.2 ± 0.1c 1.0 ± 0.1c

1 Results expressed on dwb as mean ± SD for triplicates. Different letters in each column indicate signifi-
cant difference between fractions of the same fruit (One-way ANOVA followed by Tukey post hoc test, p < 0.05).

2 Gallic acid equivalents.
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& Bobilya, 2002), corroborating our findings regarding ORAC,
as this assay follows this reaction mechanism.

3.5. Potential application of jabuticaba and jussara fruits

Jabuticaba pulp may be considered a nutritional source (con-
tributes to more than 15% of the RDA per 200 mL) of iron,
copper, manganese and vitamin C (Fig. 1A). However, this edible
fraction of jabuticaba presented insignificant contents of phe-
nolic compounds, as well as low AA.This rich nutritional value,
associated with the desirable sensory characteristics of the pulp,
is an incentive for the industrial production and commercial-
ization of jabuticaba juice. On the other hand, jabuticaba
depulping residue, the non-edible fraction of this fruit, pre-
sented high contents of both anthocyanin and non-anthocyanin
phenolic compounds, which were associated with its high AA.

Moreover, this residue is a dietary source of fibre and iron
(Fig. 1A).The major phenolic compounds identified in jabuticaba
depulping residue (anthocyanins and gallic and ellagic acids)
have been associated with lower risks of development of certain
cancers, cardiovascular diseases, diabetes and other chronic
diseases (Liu et al., 2015; Nile & Park, 2014; Zanwar, Badole,
Shende, Hegde, & Bodhankar, 2014; Zhang et al., 2014). The po-
tential functional properties of jabuticaba depulping residue
underline the importance of the recovery of this by-product,
which could be used for the production of functional ingre-
dients and dietary supplements by the food and pharmaceutical
industries.

Jussara pulp presented both nutritional value (dietary source
of fibre, copper and manganese) and functional potential (high
contents of anthocyanins) (Fig. 1B) and therefore has good mar-
keting potential. In fact, jussara pulp composition is very similar

Fig. 1 – Nutritional and functional values of jabuticaba (A) and jussara (B) edible (expressed for 200 mL of pulps on fwb) and
non-edible fractions (expressed for 100 g of jabuticaba depulping residue or jussara seed on fwb). % RDA plotted on left Y
axis and content of anthocyanin and non-anthocyanin compounds plotted on right Y axis. *Average RDA for male and
female adults.
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to açaí pulp, which is marketed as a “super-food” with bioac-
tivity in humans (Yamaguchi, Pereira, Lamarão, Lima, &
Veiga-Junior, 2015). Although jussara seed did not show sig-
nificant nutritional and functional values (Fig. 1B), its recovery
after the depulping process is of great importance for the re-
forestation of the Brazilian Atlantic Forest. In this sense, ongoing
reforestation efforts, such as “Projeto Amável,” aim at using
jussara seeds from depulping pilot-scale plants to plant new
trees.

In conclusion, our results indicate that jabuticaba and jussara
have high commercial potential due to their nutritional and
functional properties. Therefore, these are fruits with prom-
ising economic valorization.
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