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A B S T R A C T

The peel of the red-jambo concentrates the majority of the bioactive compounds and antioxidant capacity of the
fruit. Minor phenolic compounds in this part of the fruit are still unknown, as well as the effect of its extracts in
in vitro and in vivo studies. In an ethanolic extract of red-jambo, a wider range of phenolic compounds was
investigated and the antioxidant cellular antioxidant activity and inhibition of HepG2 cell proliferation were
evaluated for the first time. Using HPLC-FLD/DAD for phenolic compounds determination, gallic acid, chloro-
genic acid and (−)-epigallocatechin gallate were found for the first time in the peel of the red-jambo fruit. The
anthocyanins found (cyanidin 3,5-diglucoside, cyanidin 3-glucoside and peonidin 3-glucoside) were the flavo-
noid class strongly correlated with the antioxidant capacity methods used in this study (cellular antioxidant
activity and oxygen radical absorbance capacity). The ethanolic extract of the peel showed significant effect on
reducing the tumoral cell growth and proliferation. Antiproliferative activity of phytochemicals showed no
significant correlative relations with total phenolic compounds, flavonoids and anthocyanins, demonstrating
which the antiproliferative effect of the extract could be due to the synergic action among the compounds in red-
jambo peel.

1. Introduction

(Poly)phenols present in plants are powerful free radical scavengers
recognized by their antioxidant and antitumoral effects (Leite et al.
2011; Leite-Legatti et al. 2012; Lewandowska, Kalinowska,
Lewandowski, Stepkowski, & Brzóska 2016; Roleira et al. 2015). The
free radicals are highly reactive molecules with unpaired electrons that
rapidly bind to nearby molecules (Prescott & Bottle 2017), such as the
reactive oxygen species (ROS) and reactive nitrogen species (RNS).
These oxidants are produced as a result of normal metabolism in the
intracellular mitochondria and peroxisomes, and other cytosolic en-
zyme systems, although external agents or injuries could trigger the
overproduction of the reactive species (Prescott & Bottle 2017). An
excess of ROS and RNS can damage the cell membrane, proteins and
DNA; impairing cellular function and even lead to cell death (Wiseman
& Halliwell 1996).

The so called oxidative stress, the imbalance between the biological
or dietary antioxidant defenses and the overproduction of free radicals,

play an important role on the development of many different physio-
logical disorders, especially cancer (Ye, Zhang, Townsend, & Tew
2015). In this context, oxidative stress could cause mutations, delay
apoptosis by suppressing caspases and impair the cell cycle promoting
tumoral cell growth and propagation (Ye et al. 2015).

Dietary (poly)phenols, have the capacity to prevent and minimize
oxidative stress due to its antioxidant activity (Leite-Legatti et al. 2012;
Lewandowska et al. 2016). Phenolic compounds are able to modulate
cell metabolism and survival by activating or suppressing transcription
factors and control the expression of genes involved on tumoral cell
growth (Pistollato, Giampieri, & Battino 2015). Extracts of berry fruits
have shown great quantities of phenolic compounds, mainly antho-
cyanins, which are pigments responsible for their blue, red or purple
colors (Bueno et al. 2012; Leite-Legatti et al. 2012; Wu et al. 2017).

As well as the berries, Syzygium malaccence red fruit, also known as
red-jambo in Brazil or Malay apple in Malaysia, has a waxy and crimson
peel containing interesting anthocyanins and other phytochemicals
(Batista et al. 2017; Nunes, de Aquino, Rockenbach, & Stamford 2016).
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As the peel concentrates the majority of the bioactive compounds and
antioxidant capacity of the red-jambo fruit (Augusta, Resende, Borges,
Maia, & Couto 2010; Batista et al. 2017), further investigations in this
part of the fruit are incited. Tree anthocyanins have been identified in
polar extracts made of red-jambo fruit peel so far, such as cyanidin 3,5-
diglucoside, cyanidin 3-glucoside and peonidin 3-glucoside (Batista
et al. 2017; Nunes et al. 2016). Studies have shown the potential effect
of cyanidin 3-glucoside, the major anthocyanin in the red-jambo peel,
against oxidative stress damage and positive effects on inflammatory
diseases and tumoral cell proliferation (Kumar, Gautam, & Sharma
2013; Matsukawa, Inaguma, Han, Villareal, & Isoda 2015). However,
little is known about the bioavailability of this compounds when ad-
ministrated as part of a complex matrix as fruits. Even that some studies
have reported major compounds in red-jambo peel phenolic composi-
tion, minor compounds in this part of the fruit are still unknown, as well
as the effect of its extracts in in vitro and in vivo studies. Furthermore,
the use of only traditional antioxidants methods to evaluate antioxidant
activity is a concern in food science.

Considering the lack of reports about the effect of red-jambo peel on
tumoral cell proliferation and cytotoxicity, the aim of this study was to
investigate a wider range of phenolic compounds in an ethanolic extract
of red-jambo peel and assess its antioxidant activity by cellular anti-
oxidant methods. The cell model for measurement of antioxidant ac-
tivity provides a better understanding of phytochemicals dynamic than
traditional methods; as well as predict metabolism, uptake and dis-
tribution of the bioactive compounds some in the biological system
(Wolfe & Rui 2007). Furthermore, the present study looked into the
cytotoxicity and antiproliferative effect of the ethanolic extract of red-
jambo peel on HepG2 (human hepatoma) cell line.

2. Material and methods

2.1. Chemical compounds

Ascorbic acid, 29, 79- dichlorofluorescin diaacetate (DCFH-DA),
fluorescein disodium salt, sodium borohydride (NaBH4, reagent grade),
chloranil (analytical grade), vanillin (analytical grade), quercetin de-
hydrated, catechin hydrated, Folin-Ciocalteu reagent, 6-hydroxy-2, 5,
7, 8- tetramethylchroman-2-carboxylic acid (Trolox) were purchased
from Sigma-Aldrich, Inc. (St. Louis, MO). HepG2 liver cancer cells were
obtained from the American Type Culture Collection (ATCC) (Rockville,
MD). Williams' Medium E (WME) and Hanks' Balanced Salt Solution
(HBSS) were purchased from Gibco Life Technologies (Grand Island,
NY). Fetal bovine serum (FBS) was obtained from Atlanta Biologicals
(Lawrenceville, GA).

2.2. Fruits

The red-jambo (S. malaccence) fruits were purchased at the local
market CEASA in Campinas, SP, Brazil in February 2013. The fruits
were peeled manually using a peeler and the peels were then freeze-
dried in a freeze-dryer (LP1010, Liobras, São Carlos, SP, Brazil) at
temperatures ranging from −40 to 25 °C, 300 μm Hg for 95 h, crushed,
homogenized and frozen at −18 ± 5 °C.

2.2.1. Extraction
An ethanolic extract of 25 g red-jambo peel was prepared by 3 times

maceration with 100mL of 99.5% ethanol using horizontal rotation, at
room temperature (20 °C ± 2). The ethanol was then evaporated,
suspended in ultrapure water with a final volume of 50mL for the cell
assay and freeze-dried (44.82% yield) for the chromatography and
colorimetric assays (Batista et al. 2016).

2.2.2. Polyphenols determination
The total phenolic content was determined by the Folin-Ciocalteu

method (Swain & Hillis 1959), when water, Folin-Ciocalteau reagent and

sodium carbonate were added to the extract. Two hours later, the ab-
sorbance of samples and standard curve was read at 725 nm. The results
were expressed as mg of gallic acid equivalents (GAE) g −1 of sample.

In order to determine total yellow flavonoids (Zhishen, Mengcheng,
& Jianming 1999) water-diluted extracts were mixed with water and
5% sodium nitrite. After reaction 10% aluminum chloride and
1mol L−1 sodium hydroxide solutions were added to the tubes and
filled with water. A catechin standard solution was used for the cali-
bration curve and read at 510 nm. The results were expressed as mg of
catechin equivalents (CE) g −1 of sample.

The detailed determination of phenolic compounds was performed in
the EtOH extract using a HPLC system Waters e2695 Separation Module
Alliance equipped with a quaternary solvent pump and an automatic
injector. For the detection, a diode array detector (DAD) Waters model
2998 and a fluorescence detector (FLD) Waters model 2475 were used.
Acquisition and processing of data were carried out using the Waters
Empower™ 2 software (Milford, USA). The method was run after filtering
the resuspended extract through a 0.45 μm nylon membrane (Allcrom-
Phenomenex, USA) and 10 μL were, then, injected in a Gemini NX C-18
column (150mm×4.6mm×3μm) (Phenomenex, USA), maintained at
40 °C. The mobile phase consisted of a gradient mixture of a solvent A
(0.85% phosphoric acid solution) and solvent B (acetonitrile), with a
flow-rate of 0.5mLmin−1. The gradient was started with 100% solvent A
and adjusted for 93% solvent A and 7% of solvent B in 10min; 90%
solvent A and 10% solvent B in 20min; 88% solvent A and 12% solvent B
in 30min; 77% solvent A and 23% solvent B in 40min; 65% solvent A
and 35% solvent B in 45min; and 100% solvent B in 55min (Natividade,
Corrêa, de Souza, Pereira, & Lima 2013). Standard solutions were in-
jected for identification of the wavelengths in which occurred the ab-
sorption and retention time (RT) of the compounds. The FLD detector
was used at 280 nm excitation and 320 nm emission for identification of
benzoic acid and flavanols. The DAD detection was employed in the
following wavelengths: 280 nm for identification of phenolic acids,
epicatechin and epigalocatechin, 360 nm for flavonols and 520 nm for
anthocyanins.

2.2.3. HPLC standards
Benzoic and gallic acids standards were purchased from Chem

Service (West Chester, USA). Kaempferol-3-O-glucoside, (+)-catechin,
cyanidin-3,5-O-diglucoside-chloride (cyanin chloride), cyanidin-3-O-
glucoside-chloride (kuromanin chloride), (−)-epicatechin, (−)-epica-
techin gallate, (−)-epigallocatechin gallate, isorhamnetin-3-O-gluco-
side, peonidin-3-O-glucoside chloride, procyanidin A2, procyanidin B1,
procyanidin B2, and isoquercitrin standards were obtained from
Extrasynthese (Genay, France). Chlorogenic acid and p-coumaric acid
were purchased from Sigma (UK).

2.3. In vitro antioxidant activity (ORAC and PSC methods)

The hydrophilic ORAC (oxygen radical absorbance capacity) test
(Dávalos, Gómez-Cordovés, & Bartolomé 2004) was carried out adding
potassium phosphate buffer (PB pH 7.4)-diluted samples or Trolox
standard solutions, to black microplates. Fluorescein and AAPH solu-
tions were briefly added and the microplate reader set with fluorescent
filters at 485 nm for excitation wavelength and 520 nm for emission
wavelength performed 81 reads in 80min. The ORAC values were ex-
pressed as μmol Trolox equivalent (TE) by using the trolox standard
curves for every microplate assay. The linearity between the net area
under the curve and the concentration was checked for the samples and
the fluorescence readings were used to the appropriate calculations.

Antioxidant activities of extracts were also determined according to
the PSC assay (Peroxyl Radical Scavenging Capacity) described pre-
viously (Adom & Rui 2005). Just prior the use in the reaction, 107 μL of
2.48mmol L−1 dichlorofluorescein diacetate (DCFH-DA) was hydro-
lyzed to dichlorofluorescein with 893 μL of 1.0 mmol L−1 KOH for 5
min in a vial to remove the diacetate moiety and then diluted with 7mL
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of 75mmol L−1 phosphate buffer (pH 7.4). The 200mmol L−1 2,2′-
azobis(amidinopropane) (ABAP) was freshly prepared in the buffer and
kept at 4 °C. In an assay, 100 μL of extracts were diluted in 75mmol L−1

phosphate buffer (pH 7.4) and then transferred into cells on a 96-well
plate, and 100 μL of dichlorofluorescein was added. The 96-well plate
was loaded into the Fluoroskan Ascent fluorescence spectrophotometer
(Thermo Labsystems, Franklin, MA) and the solution in each cell was
mixed by shaking at 1200 rpm for 20 s. The reaction was then initiated
by adding 50 μL ABAP from the autodispenser on the equipment. Each
set of dilutions for a replicate and control was analyzed three times in
adjacent columns. The reaction was carried out at 37 °C, and fluores-
cence was monitored at 485 nm excitation and 538 nm emission with
the fluorescence spectrophotometer. Data were acquired with Ascent
software, version 2.6 (Thermo Labsystems, Franklin, MA). The areas
under the average fluorescence−reaction time kinetic curve (AUC) for
both control and samples (up to 36min) were integrated and used as
the basis for calculating antioxidant activity according to the equation:

=PSC unit 1–(SA/CA)

where SA is AUC for sample or standard dilution and CA is AUC for the
control reaction using only buffer. Compounds inhibiting the oxidation of
dichlorofluorescein produced smaller SA and higher PSC units. The
median effective concentration (EC50) was defined as the dose required to
cause a 50% inhibition (PSC unit 0.5) for extract. Results were expressed
as micromoles of vitamin C equivalents per micromole of gram of sample.

2.4. Cell culture

The human liver HepG2 tumoral cells were grown in Complete
Medium (WME supplemented with 5% FBS, 10mmol L−1 Hepes, 2
mmol L−1 L-glutamine, 5 μgmL−1 insulin, 0.05 μgmL−1 hydro-
cortisone, 50 UmL−1 penicillin, 50 μgmL−1 streptomycin, and
100 μgmL−1 gentamycin) and were maintained at 37 °C and 5% CO2 as
described previously (Liu et al. 2015).

2.4.1. Cytotoxicity
Cytotoxicity was measured toward HepG2 cells using the method

developed in our laboratory (Chu, Sun, Wu, & Liu 2002). The HepG2
cells in growth medium were placed in each well of a 96-well flat-
bottom plate at a density of 2.5× 104 cells well−1. After 24 h of in-
cubation at 37 °C with 5% CO2, the growth medium was removed, each
well washed with 100 μL of phosphate buffer saline (PBS), and replaced
by medium containing different concentrations of sample tested (1, 5,
10, 20, 30, 40 and 50mgmL−1 of red-jambo peel). Control cultures
received the extraction solution minus the extracts, and blank wells
contained 100 μL of growth medium with no cells. After another 24 h of
incubation, cytotoxicity was determined by the methylene blue assay
(Felice, Sun, & Liu 2009). Cytotoxicity was determined for each con-
centration by a 10% reduction in the absorbance compared to the
control. Cytotoxicity was determined from the absorbance at the
570 nm reading for each concentration compared to the control. A
minimum of three replications for each sample was used. The median
cytotoxic concentration (CC50) was calculated for each sample, which
indicates the 50% cytotoxic concentration of the samples (Felice et al.
2009).

2.4.2. Cellular antioxidant activity (CAA)
A 200mmol L−1 stock solution of DCFH-DA in methanol was pre-

pared, aliquoted, and stored at −20 °C until use as described previously
by our laboratory (Wolfe & Rui 2007). A 200mmol L−1 ABAP stock
solution was prepared in water, aliquoted, and stored at −40 °C until
use. Quercetin solutions were prepared in dimethyl sulfoxide before
further dilution in treatment medium (WME with 2mmol L−1 L- gluta-
mine and 10mmol L−1 Hepes).

The CAA was determined using the protocol described previously
(Wolfe et al. 2008; Wolfe & Rui 2007). Briefly, HepG2 cells were seeded at

a density of 6×104 well−1 on a 96-well microplate in 100 μL of complete
medium well−1. Twenty-four hours after seeding, the growth medium was
removed, and the wells were washed with 100 μL of PBS. Wells were then
treated with 100 μL of treatment medium containing solvent control,
control extracts, or tested extracts plus 25 μmol L−1 DCFH-DA for 1 h. After
1 h, the media was removed, the cells were washed with 100 μL of PBS, and
600 μmol L−1 ABAP was applied to the cells in 100 μL of oxidant treatment
medium (HBSS with 10mmol L−1 Hepes). The 96-well microplate was
placed into a Fluoroskan Ascent FL plate reader at 37 °C. Emission at
538 nm was measured after excitation at 485 nm every 5min for 1 h.

After blank subtraction and subtraction of the initial fluorescence
values, the area under the curve for fluorescence versus time was in-
tegrated to calculate the CAA value at each concentration of fruit ex-
tract as:

= ×( )CAA unit 100– SA/ CA 100

where ∫ SA is the integrated area under the sample fluorescence versus
time curve, and ∫ CA is the integrated area from the control curve. The
median effective dose (EC50) was defined as the dose required to cause
a 50% inhibition of cell proliferation.

(EC50) was determined for the sample extracts from the median
effect plot of log (fa/fu) versus log(dose), where fa is the fraction af-
fected (CAA unit), and fu is the fraction unaffected (1-CAA unit) by the
treatment. The EC50 values were stated as the mean ± SD for triplicate
sets of data obtained from the same experiment. EC50 values were
converted to CAA values, which are expressed as μmol of quercetin
equivalents (QE) per 100 g of the peel flour, using the mean EC50 value
for quercetin from at least four separate experiments.

2.4.3. Measurement of inhibition of HepG2 cell proliferation
Methylene blue colorimetric method was adopted to study the an-

tiproliferative effects of red-jambo peel toward HepG2 human tumoral
cells (Yang & Liu 2009). Briefly, HepG2 cells were maintained in WME
containing 10mM Hepes, 5 μgmL−1 insulin, 2 μgmL−1 glucagon, 0.05
μgmL−1 hydrocortisone, and 5% fetal bovine serum. HepG2 cells were
maintained at 37 °C in 5% CO2 in an incubator. A total of 2.5× 104

HepG2 cells in growth media were placed in each well of a 96-well flat-
bottom plate. After 4 h of incubation at 37 °C in 5% CO2, the growth
medium was replaced by media containing different concentrations of
fruit extracts. Control cultures received the extraction solution minus
the fruit extracts, and blank wells contained 100 μL of growth medium
with no cells. After 72 h of incubation, cell proliferation was de-
termined by methylene blue assay (Felice et al. 2009). Cell proliferation
was determined from the absorbance reading at 490 nm for each con-
centration compared to the control. The antiproliferative activity was
expressed as EC50 values. At least three replications for each sample
were used to determine the cell proliferation.

3. Statistical analysis

The data analysis was performed using Sigma Plot 12.0 (Systat
Software Inc. San Jose, CA). The statistical analysis data was expressed
as the means ± standard deviation (SD). The Students' t-test was ap-
plied to detect significant differences between the values for cell pro-
liferation, cells treated and untreated (control) with extract. Pearson's
correlation test was performed to verify the relationship between the
phenolic, flavonoid contents and anthocyanins of red-jambo peel with
CAA and ORAC assay. P-values was considered significantly different
when they were lower than 0.05.

4. Results and discussion

4.1. Red-jambo peel phenolic profile

The results of total phenolic compounds, flavonoids and
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anthocyanins from red-jambo peel are shown in Table 1. The presence
of phenolics in plants and fruits is correlated to their antioxidant ca-
pacity (Leite-Legatti et al. 2012; Lewandowska et al. 2016; Roleira et al.
2015). This is the first study characterizing an ethanolic extract (con-
sidered as GRAS - generally recognized as safe) from red-jambo peel, for
application in cellular assays.

The ethanolic extract showed similar concentrations of total phe-
nolic compounds (3.19mg GAE g−1) to the methanolic extract of red-
jambo peel published previously (Batista et al. 2017). The red-jambo
peel have greater amounts of total phenolic compounds in comparison
to the pulp (Batista et al. 2017), and that is why the peel of the fruit is
the target of the present study.

Peel and seeds of fruits, generally discarded during processing,
concentrates great amounts of glycosylated (poly)phenols as result of
defense mechanisms of the plant (Batista et al. 2017; Pereira, Barbosa,
Ribeiro Da Silva, Ferri, & Santos 2017). Despite of the red-jambo peel,
our research group has highlighted some fruit by-products with good
potential to prevent non-communicable diseases (Batista et al. 2016; da
Silva et al. 2017; Leite-Legatti et al. 2012; Viganó & Martinez 2015). In
relation to the flavonoid contents, our results is also in accordance with
the one obtained with methanolic extract of the peel of red-jambo fruit
(Batista et al. 2017). However, the total monomeric anthocyanins
content (Table 1) was lower than in the methanolic extract of red-jambo
peel, reported previously (300.54mg 100 g−1 (Augusta et al. 2010) and
424.82mg 100 g−1 (Batista et al. 2017)). The lower value of total
monomeric anthocyanins in this study could be related to additional
procedures used after the extraction, such as, evaporation of the solvent
and lyophilization.

Regarding the phenolic compounds profile performed by HPLC-
FLD/DAD, the phenolic acid contents showed in this study were higher
than the ones observed in hydrolyzed methanolic extract of peel
(Batista et al. 2017); in which the amount of the p-coumaric acid and
benzoic acid were around four and two times higher, respectively. We
have found gallic acid and chlorogenic acid in the ethanolic extract of
red-jambo peel, which have not been identified in the fruit, so far
(Table 2).

Proanthocyanidins or condensed tannins were determined in the
red-jambo peel by HPLC method (Table 2). The major procyanidins
found in the peel of the red-jambo were procyanidin B1, followed by
similar amounts of procyanidin B2 and A2, which corroborates previous
study with the methanolic extract (procyanidin B1 > B2 >
procyanidin A2) (Batista et al. 2017).

In relation to the flavonols, we showed similar results to those
presented in the literature, in which, the major flavonol present in
methanolic extract of red-jambo peel was isorhamnetin-3-O-glucoside

(Batista et al. 2017). We have also found other flavonols: isoquercitin
and kaempferol-3-O-glucoside (Table 2), but not rutin, found in other
studies (Batista et al. 2017; Reynertson, Yang, Jiang, Basile, & Kennelly,
2008).

As well as previous study, the flavanols, such as (−)-epicatechin
gallate, (+)-catechin, (−)-epicatechin, were also quantified in the
ethanolic extract. In addition, we have found the (−)-epigallocatechin
gallate compound for the first time in the peel of the red-jambo fruit
(Table 2).

Some studies have found anti-tumoral effects against HepG2 human
hepatoma cells of such fruit-isolated or commercially available phenolic
compounds (chlorogenic acid quercetin, isoquercetrin, (+)-catechin
(−)-epicatechin) (Haza, 2008; He, Liu & Rui, 2008). The same phenolic
compounds were also present in red-jambo peel ethanolic extract,
corroborating our results (section 4.3).

Results showed that anthocyanins were the major class of phenolic
compounds in the peel of red-jambo fruit determined by HPLC using the
ethanolic extract. The major anthocyanins identified were cyanidin-3-
O-glucoside, followed by cyanidin-3,5-O-glucoside and peonidin-3-O-
glucoside (Table 2). The red-jambo methanolic extract performed in
previous studies also highlighted anthocyanins as the major phenolic
compound group in the peel part of the fruit (Batista et al. 2017; Nunes
et al. 2016). However, the values for the three anthocyanins found were
higher in our ethanolic extract than in the methanolic extract as shown
by the studies cited above. Ethanol is a good solvent for extracting
sugars, as the anthocyanins in the red-jambo peel were glycosylated,
the extraction of these compounds were then facilitated.

The anthocyanin composition of red-jambo fruit peel incites re-
searches using its extracts as cancer prevention therapy. Studies have
been highlighting the effects of an anthocyanin-rich extract against
liver tumoral cell lines and hepatocarcinogenesis in rats (Bishayee et al.
2010; Shin et al. 2009). These authors and others (Leite-Legatti et al.
2012; L.-S. Wang & Stoner 2008) pointed out anthocyanin-rich extracts
as powerful free-radical scavengers, besides of their effects on acti-
vating phase II enzymes, anti-cell proliferation, induction of apoptosis,
and anti-inflammatory effects, being recommended for cancer preven-
tion (L.-S. Wang & Stoner 2008).

4.2. Total antioxidant capacity

Natural antioxidants are known for their antioxidant capacity and
action in metabolic pathways, bringing health benefits (Shahidi &
Ambigaipalan 2015). There is a range of methods used to evaluated
antioxidant capacity of compounds. However, phytochemicals have
complex reactivity, thus, is necessary at least two methods to assess the
antioxidant capacity of extracts or food extracts in order to provide
reliability (Altemimi, Lakhssassi, Baharlouei, Watson, & Lightfoot
2017). Therefore, the antioxidant activity of red-jambo peel extract was
conducted using three different methods: PSC, ORAC and CAA.

The PSC and ORAC values for the red-jambo peel were 1.71mg of
vitamin C equivalents g−1 and 107.76 μmol TE g−1, respectively. Our
PSC value was similar to results found for blueberries (Vaccinium spp.)
(H. Wang et al. 2017) and grapes (V. vinifera) (Liang, Cheng, Zhong, &
Liu 2014). The ORAC value of the red-jambo peel extracted with
ethanol was higher than the ones shown for blueberries, red grape and
apple (26.27, 26.05 and 45.92 μmol TE g−1, respectively) (Liang et al.
2014; H. Wang et al. 2017). Based on these data we can conclude that
red-jambo peel have high antioxidant activity, as comparable to those
fruits, well known by their antioxidant capacity.

The ORAC values were highly correlated with total anthocyanins (r2

= 0.99), but the same pattern was not observed for the total phenolics
(r2= 0.7) and flavonoids (r2= 0.67). These results are not consistent
with others reports in the scientific literature for other extracts with
stronger correlation between ORAC and phenolic compounds (Liang
et al. 2014; H. Wang et al. 2017). Many times, the discrepancy at
comparing antioxidant capacity tests and the total polyphenol content

Table 1
Total phenolic, anthocyanins and flavonoid content and antioxidant activity of
freeze-dried red-jambo peel flour.

Parameters Values

Total phenolic compounds 3.19 ± 0.08mg GAE g−1

Total flavonoids 2.09 ± 0.04mg CE g-1

Total anthocyanins 223.05 ± 1.07mg C3G 100 g−1

ORAC 101.77 ± 5.23 μmol TE g−1

PSC 1.71 ± 0.21mg of vitamin C equivalents
g−1

aCAA (μmol of quercetin
equivalents)

66.44 ± 6.37 g−1

bCC50 (mgmL−1) >50

Data are expressed as mean values ± SD (N=3). GAE, Gallic acid equivalents;
CE, Catechin equivalents; C3G, cyanidin-3-O-glucoside; TE, Trolox equivalent;
PSC, peroxyl radical scavenging capacity; ORAC, oxygen radical absorbance
capacity.

a Cellular Antioxidant Activity.
b The CC50 value represents the concentration of red-jambo peel extract in

which increases in 50% cytotoxicity.

M.M. Vuolo et al. Food Research International 124 (2019) 93–100

96



may be due to the interference of other compounds in the Folin-Cio-
calteu reaction, as ascorbic acid, sugars and other reducing compounds
(Rezaire et al. 2014). Thus, in red-jambo fruit peel the anthocyanins
could be cited the major contributors to the scavenge power against
peroxyl radical, proved by the ORAC assay. Anthocyanins have shown
to be potent antioxidant and free radical scavengers due to presence of
hydroxyl groups (OH) mainly in the 3′- and 5′-position in the B ring
(Onzalo & Eresa 2004).

4.2.1. Cellular antioxidant activity (CAA)
The cellular antioxidant activity of red-jambo peel was measured

using the CAA assay. The CAA test was performed using extract con-
centrations ≤30mgmL−1 of red-jambo peel which did not show cyto-
toxicity to cells (0.5–30mgmL−1 of red-jambo peel; 0.00195–0.117mg
of phenolics mL−1; or 0.00111–0.0669mg of anthocyanins mL−1).The
CAA assay provides a better understanding of phytochemicals dynamic
than the traditional methods (Wolfe & Rui 2007). This assay addresses
the complexity of the biological system including some issues of meta-
bolism, such as uptake and distribution (Wolfe & Rui 2007).

The CAA value for red-jambo peel was 66.44 μmol quercetin
equivalents 100 g−1 of sample. The EC50 for CAA was 3.99mgmL−1

(Table 2). Our CAA data was higher than the values shown by some red
grapes samples, ranging from 5.3 to 59.7 μmol quercetin equivalents
100 g−1 of sample. In addition, the CAA value of red-jambo peel was
similar to values found for two cranberry varieties (Bluecrop, 68.1
7 μmol quercetin equivalents 100 g−1 and Primary operation blue,
60.67 μmol quercetin equivalents 100 g−1), but not to the 12 other
varieties (Liang et al. 2014). The CAA value of red-jambo peel was
found greater than the value found for apple (28.1 μmol quercetin
equivalents 100 g−1) (Wolfe & Rui 2007).

The CAA values were significantly and positively (p < 0.05) corre-
lated with phenolic contents (r2=0.89), as well as the flavonoids
(r2=0.91) and the anthocyanins (r2=0.96). Anthocyanins showed
higher correlation with CAA than total phenolic compounds, being the
most influent antioxidant of the phenolic classes, corroborating the ORAC
value correlation. However, the correlation coefficients of the CAA values
to the total phenolics, total flavonoids and anthocyanins were higher
when compared to the ORAC value. These results showed CAA assay, in
our extract, as a better method to predict cellular antioxidant activity of
those phytochemicals than ORAC assay.

Cyanidin-3-O-glucoside, cyanidin-3,5-O-diglucoside and peonidin-
3-O-glucoside, the main anthocyanins found in the red-jambo peel have
been shown antioxidant capacity due to the OH functional radicals in
previous studies (Onzalo & Eresa 2004; Teng et al. 2017). In addition,

glucosylation of anthocyanins affect the antioxidant capacity as shown
by cyanidin (Fukumoto & Mazza 2000).

Besides the presence of anthocyanins, the peel of red-jambo showed
other phenolic compounds, like phenolic acids and other flavonoids,
significantly and positively correlated to the CAA value. Chlorogenic
acid and p-Coumaric acid, phenolic acids can transfer a hydrogen or
eletron from their OH group to radicals, neutralizing their effect (López-
martínez, Santacruz-ortega, & Navarro 2015). In addition to these
mechanisms, phenolic compounds have been proved to increase anti-
oxidant cell system, activating transcription factors, such as nuclear
factor [erythroidderived 2]-like 2 (NRF2), the antioxidant response
element (ARE), which plays an important role in cellular antioxidant
defenses. ARE is a regulatory element of genes encoding antioxidant
proteins and phase II detoxification enzymes, such as glutathione-
transferases, NAD(P)H: quinone oxidoreductase 1 (NOO1) and dihy-
dronicotinamide riboside (NRH): quinone oxidoreductase 2 (NQO2),
which are crucial to oxidative stress control (Hwang & Lee 2017; Zhang
et al. 2017). Furthermore, such compounds also can decrease in-
flammatory pathways activation (nuclear factor NF kB and activator
protein 1), also responsible for the increase of ROS production. All these
factors together can decrease ROS concentration in the cell leading to
increase of antioxidant activity as demonstrated by our results after
extract administration in cell culture (Arulselvan et al. 2016). An an-
tioxidant system increased can prevent the overproduction of the re-
active species and related diseases, such cancer (Ye et al. 2015).

4.3. Inhibition of human hepatoma cell proliferation

Antioxidants have ability to scavenge free radicals, counteract DNA
damage and subsequent mutation (Pisoschi & Pop 2015). The DNA
damage have been considered a first step for human cancer initiation
(Lord & Ashworth 2012). The consumption of fruit and vegetables, rich
in antioxidant compounds are associated to reduced risk of cancer (R.
H. Liu 2004). Therefore, red-jambo peel was administrated in human
liver HepG2 tumoral cells to determine if the extracts could inhibit
tumor cell proliferation. The antiproliferative ability of the peel was not
investigated previously. Thus, our study provides important informa-
tion, which, in the future, could be used as an alternative therapy to the
prevention and tumor development control.

The HepG2 tumoral cells were treated with extracts equivalent to 1
to 50mgmL−1 of the red-jambo peel for 72 h. The ethanolic extract of
red-jambo peel had a potent inhibitory effect on the HepG2 cell growth
and proliferation (Fig. 1). The EC50 for the red-jambo peel ethanolic
extract was 40.92mgmL−1 and the lower the values of EC50, the higher

Table 2
(Poly)phenols of freeze-dried red-jambo peel analyzed by HPLC-DAD/FLD.

Wavelength (DAD) or emission/excitation (FLD) RT (min) Compound mg 100 g−1 of peel

1 280 nm 26.14 ± 0.011 Chlorogenic acid 0.37 ± 0.06
2 280 nm 37.22 ± 0.015 p-Coumaric acid 0.41 ± 0.001
3 320 nm/280 nm 25.55 ± 0.014 Benzoic acid 0.65 ± 0.001
4 280 nm 42.79 ± 0.001 (−)-Epicatechin gallate 1.63 ± 0.11
5 280 nm 29.46 ± 0.342 (−)-Epigallocatechin gallate 0.53 ± 0.05
6 280 nm 11.02 ± 0.001 Gallic acid 0.20 ± 0.06
7 320 nm/280 nm 24.17 ± 0.009 (+)-Catechin 0.69 ± 0.05
8 320 nm/280 nm 29.35 ± 0.008 (−)-Epicatechin 2.04 ± 0.001
9 320 nm/280 nm 44.07 ± 0.001 Procyanidin A2 2.45 ± 0.001
10 320 nm/280 nm 22.52 ± 0.010 Procyanidin B1 4.81 ± 0.001
11 320 nm/280 nm 31.05 ± 0.317 Procyanidin B2 0.25 ± 0.12
12 360 nm 46.57 ± 0.001 Isorhamnetin-3-O-glucoside 4.60 ± 0.06
13 360 nm 44.12 ± 0.002 Isoquercitrin 1.87 ± 0.001
14 360 nm 46.04 ± 0.001 Kaempferol-3-O-glucoside 0.57 ± 0.12
15 520 nm 23.55 ± 0.022 Cyanidin-3,5-O-diglucoside1 31.33 ± 0.05
16 520 nm 28.02 ± 0.021 Cyanidin-3-O-glucoside2 228.91 ± 1.15
17 520 nm 35.41 ± 0.013 Peonidin-3-O-glucoside3 2.53 ± 0.001

SUM 281.63 ± 1.04

RT: retention time.
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antiproliferative activities. Our result was similar to the one found for
apples (49.4mgmL−1), but higher inhibition of tumor cell proliferation
when compared to strawberry and red grape (56.3mgmL−1 and
71.0mgmL−1, respectively). A previous digestion of the sample before
cell treatment could increase absorption of polyphenols, reaching
higher amounts of phenolic compounds or their metabolites in the
circulatory system compared to undisgested ones. Anthocyanins, the
major class of phenolic compounds found in the Red-jambo, has low
bioavailability (< 1%), but several studies have reported that they
show important health-promoting effects even in low concentrations
(Kamiloglu et al. 2017; Kamiloglu, Capanoglu, Grootaert, & van Camp
2015).

No significantly correlations were found between the anti-
proliferative activity against the HepG2 liver tumoral cells and the total
phenolic, flavonoids and anthocyanins values (p > 0.05). Such results
were consistent with what were previously reported in literature (Chu
et al. 2002), suggesting that specific phytochemical, or even synergy
action have more influence in the antiproliferative activities then total
phytochemicals (Liang et al. 2014). Others phenolic compounds found
in red-jambo peel such as, chlorogenic acid, p-coumaric acid, gallic
acid, (+)-catechin, (−)-epicatechin and also proanthocyanidins have
demonstrated directly action in proteins that control tumoral cellular
life cycle (cell division and apoptosis) or DNA repair and angiogenesis.
(Battaglini et al. 2017; Kwon, Lambert, Yang, & Hong 2015; J. Liu et al.
2015; Lu et al. 2010).

Chlorogenic acid is an effective chemopreventive agent for HepG2
cells, leading to cell cycle arrest at the S phase in HepG2 cells and
HepG2 xenografts in nude mice in a concentration-denpendent manner.
Chlorogenic acid also induced the activation of extracellular-signal-
regulated kinase 1/2 (ERK1/2) and decrease the expression of matrix
metalloproteinases associated with degradation of the extracellular
matrix linked to invasion and metastasis (Yan, Liu, Hou, Dong, & Li
2017). P-coumaric acid reduces expression of vascular endothelial
growth fator (VEGF) and basic fibroblast growth factor (bFGF), both are
angiogenic factors that stimulates the permeability, proliferation, mi-
gration and tube formation of endothelial cells demonstrating chemo-
preventive effect of this compounds. Furthermore, such compound can
increased levels of proteins involved in mitochondria apoptosis (C-
caspase 9, C-caspase 3, bcl-2, bcl-xs and myeloid cell leukaemia-1) (Yan
et al. 2017).

Gallic acid has been shown to suppress carcinogenesis in animal
models and in vitro tumoral cells lines, acting in a range of signaling

pathway relation to cell cycle, metastasis, angiogenesis and apoptosis.
This compound induces G1 phase arrest through ATM- cyclin-depen-
dent kinase 2 (Chk2) activation influencing the induction of apoptosis
and regulation of DNA damage dependent checkpoints (Yan et al.
2017); decrease the ribonucleotide reductase (RR) activity, significantly
increased in malignant tumors cells. RR is linked to DNA synthesis in
rapidly growing tumor and gallic acid is able to cell cycle perturbation
and induction of apoptosis; inhibit cyclooxygenase 2 (COX-2), in tu-
moral cells COX-2 overexpression makes cells resistant to apoptotic
stimuli; decreased of endothelial cell proliferation, critical step in an-
giogenesis, cell migration and proliferation through VEGF expression
decrease. Thus, all of these gallic acid performances can be understood
as a cancer chemoprevention (Verma, Singh, & Mishra 2013).

Catechin and epicatechin can lower cancer cells lines proliferation
through VEGF expression reduce with regulation of angiogenisis
(Verma et al. 2013). Furthermore, can also modulated cell cycle reg-
ulatory proteins (cyclins, cyclin-dependent kinases [CDK], CDK in-
hibitors) and inhibited TNFα- that increases tumoral cells invasion and
metastasis (Verma et al. 2013). Proanthocyanidins decrease tumoral
cell proliferation in vitro and in vivo using a tumor xenograft model.
Proanthocyanidins decrease VEGF and CD31 (a marker of neovascu-
larization) expression in cells of non-small cell lung cancer, leading to
cell proliferation decline. Proanthocyanidins lower tumor volume in
xenograft model in a concentration-denpendent manner which was
associated with the: enhancement in the levels of insulin-like growth
factor binding protein-3 (IGFBP-3) in both tumor microenvironment
and plasma, lower levels of IGFBP-3 are linked to increased risk of
malignancy; inhibition of angiogenic factors and induction of apoptosis
of the tumor cells (Akhtar, Meeran, Katiyar, & Katiyar 2009).

Therefore, the antiproliferative effect of red-jambo peel could be
due to the availability of a single phenolic compound cited above or
even by the synergism among them. Studies have shown that the sy-
nergism effect among some phenolic compounds have a stronger effect
on decrease of tumoral cells proriferation or in a xenograft model of
cancer than isolated compounds (Burgio, Lopomo, & Migliore 2015).

In summary, the results of our investigation demonstrated for the
first time the ability of red-jambo peel ethanolic extract to decrease
HepG2 (human hepatoma) cell line proliferation and growth.
Furthermore, we also observed expressive amounts of anthocyanins as
well as detection of new other compounds in the ethanolic extract, not
found previously in a methanolic extraction. All these findings indicate
the ethanolic extract from red-jambo peel as a therapeutic alternative
for preventing tumoral cell growth and proliferation, acting as -che-
mopreventive extract in in vivo models. Future investigations on the
mechanism of action of the bioactive compounds from red-jambo peel
should be performed in order to promote the use of the derived etha-
nolic extract.
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