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Cherries are oneof themost appreciated summer fruits due to their attractive colour, sweet taste, highwater con-
tent, low level of calories and composition in bioactive compoundswhich, in turn, are important to prevent some
pathologies like diabetes, cardiovascular diseases and cancer. In this work we evaluated the phenolic profile and
biological potential of 5 varieties of sweet cherries from Fundão region (Portugal) (Saco, Sweetheart, Satin,Maring
andHedelfinger). A total of 23phenolic compoundswere identifiedby LC-DAD anddistributed by the several clas-
ses: 6 anthocyanins, 1 hydroxybenzoic acid, 8 hydroxycinnamic acids, 3 flavan-3-ols and 5 flavonols.Maring re-
vealed higher contents in anthocyanins, while Hedelfinger was the richest in non-coloured phenolics. The
antioxidant capacity was evaluated against DPPH and nitric oxide radicals. Hedelfinger was the most active
against DPPH• (IC50=12.1 μg/mL) andMaring against nitric oxide (IC50=140.9 μg/mL). Afterwards, antidiabetic
capacity was evaluated through the inhibition of α-glucosidase activity, pointing Hedelfinger as the most active
(IC50 = 10.3 μg/mL). The capacity of Saco extracts to inhibit the hemoglobin oxidation and the hemolysis of
human erythrocytes was also evaluated. Both assays revealed a concentration-dependent inhibitory effect
(IC50 = 38.6 μg/mL and IC50 = 73.0 μg/mL, respectively). The results obtained in this study allow us to conclude
that sweet cherries possess a great biological potential, and further investigation should bedone topromote com-
mercialization and encourage its use in food supplements and in new pharmaceutical and nutraceutical
applications.

© 2017 Published by Elsevier Ltd.
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1. Introduction

In the last fewyears the increasing reports about a balanceddiet, rich
in fruits and vegetables, have shown this to be a good source of phyto-
chemicals with great antioxidant capacity which is associated with im-
proved health, playing also an important role in the prevention of
chronic diseases, like cardiovascular diseases, Alzheimer's disease, dia-
betes and cancer (Slavin & Lloyd, 2012). Sweet cherries (Prunus avium
Linnaeus (L.)) are one of the fruits that have been largely studied, be-
longing to the same genus and family of peaches, apples, apricots and
plums. In Portugal there is a long tradition of cultivating cherries, partic-
ularly in the northeast of the country, in county of Fundão, producing
around 15,000 tons of cherries annually (Serra, Duarte, Bronze, &
Duarte, 2011). They are mainly consumed as fresh, alternatively they
can be processed and commercialized alone or incorporated in several
products, such as dry (with or without sugars), frozen, jams,
s Research Centre, University of

).
concentrate juices, powdered and canned (Ferretti, Bacchetti,
Belleggia, & Neri, 2010).

Sweet cherries are characterized by a reduced level of calories, high
contents of water (around 80%) and absence of sodium. They also pres-
ent a considerable content of organic acids, fibers, vitamins, potassium,
fatty acids, and phytochemical compounds, like volatiles, carotenoids,
flavonoids (flavonols, flavan-3-ols, flavanones, flavones and, anthocya-
nins), hydroxycinnamic and hydroxybenzoic acids (Duarte & Silva,
2014). Among these compounds, special interest has been focused on
polyphenols due their great capacity to capture reactive oxygen and ni-
trogen species, and also due to the strong anti-inflammatory activity
shown (Serra et al., 2011). The presence of these compounds in sweet
cherries is regulated by climatic conditions, genotype, fruit maturity
and storage conditions (Gonçalves et al., 2004).

Several works reported that daily intake of sweet cherries alleviates
gout and arthritis pain, neurological, gastrointestinal, tumoral and car-
diovascular pathologies (Duarte & Silva, 2014; Ferretti et al., 2010;
Jakobek, Seruga, Novak, & Medvidovic-Kosanovic, 2007), and prevents
diabetes, since studies reported that some phenolic compounds can in-
hibit α-glucosidase activity, described as an enzyme responsible for the
digestion of carbohydrates in absorbable monosaccharides (Duarte &
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Silva, 2014; Ferretti et al., 2010; Silva & Teixeira, 2015; Teixeira & Silva,
2013).

These findings suggest that sweet cherries can minimize the accu-
mulation of free radicals and could be used as effective drugs or as func-
tional food. Therefore, the aim of this work was to determine the
coloured and non-coloured phenolic profile of five sweet cherries
from Fundão region (Portugal) by liquid chromatography with diode
array detection (LC-DAD) and evaluate their biological potential. The
antioxidant activity was performed against DPPH• and nitric oxide rad-
icals (•NO), the α-glucosidase inhibitory potential was also evaluated,
and the protection against induced oxidative damage in human eryth-
rocytes by sweet cherries was evaluated through microassays. As far
as we know, this is the first study about the capacity of sweet cherries
to inhibit α-glucosidase enzyme, and to protect human erythrocytes
against peroxyl radicals (ROO•), concerning inhibition of hemoglobin
oxidation and erythrocyte hemolysis.

2. Materials and methods

2.1. Standards and reagents

All chemicals usedwere of analytical grade. Cyanidin-3-O-glucoside,
cyanidin-3-O-rutinoside, pelargonidin-3-O-rutinoside and peonidin-3-
O-rutinoside were from Extrasynthese (Genay, France). 3-O-
Caffeoylquinic acid, p-hydroxybenzoic acid, p-coumaric acid,
kaempferol-3-O-glucoside, quercetin, quercetin-3-O-rutinoside, quer-
cetin-3-O-glucoside, quercetin-3-O-galactoside, catechin, epicatechin
and caffeic acid were obtained from Sigma-Aldrich (St. Louis, MO,
USA). 1,1-Diphenyl-2-picrylhydrazyl (DPPH•), β-nicotinamide adenine
dinucleotide (NADH), phenazine methosulfate (PMS), nitrotetrazolium
blue chloride (NBT), α-glucosidase from Saccharomyces cerevisiae (type
I, lyophilized powder), phosphate-buffered saline (PBS), trypan blue
and 2,2′-azobis (2-ethylpropionamidine) dihydrochloride (AAPH)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). N-(1-
naphthyl)ethylenediamine dihydrochloride, sulfanilamide, 4-nitrophe-
nyl-alpha-D-glucopyranoside (pNPG) and sodium nitroprusside
dihydrate (SNP) were obtained from Alfa Aesar (Karlsruhe, Germany).
Methanol and acetonitrile were from Fisher Chemical (Leicestershire,
United Kingdom). Water was deionized using a Milli-Q water purifica-
tion system (Millipore Ibérica, S.A.U., Madrid).

2.2. Cherry samples

Five sweet cherry cultivars (1 kg each), namely Saco, Sweetheart,
Satin,Maring andHedelfingerwere collected fromFundão region (Portu-
gal) at the same stage of ripeness, by hand, between May and June of
2015. The fruits were immediately transported to the laboratory facili-
ties, where pits were removed and separated from the pulp. The
cherries' pulp was immediately frozen with liquid nitrogen and main-
tained at −20 °C. Then, they were lyophilized and powdered (mean
particle size lower than 910 μm), being divided into three aliquots, ex-
tracted and analysed separately.

2.3. Phenolic compounds

2.3.1. Extraction
The non-coloured and coloured phenolic compoundswere extracted

according to the procedure described by Silva and Queiroz (2016), with
some modifications. Aliquots of 1 g of powder sample were weighed
and extracted with 20 mL of EtOH (70%) along 2 h, under stirring after
flushing with nitrogen to avoid oxidations. This extract was centrifuged
at 4000 rpm during 10 min. Subsequently, the material was again ex-
tracted during 15 min with 100 mL of EtOH (70%). Both supernatants
were evaporated to dryness under reduced pressure at 30 °C. The
resulting extract was dissolved with 50 mL of deionized water and
placed into the column. The C18 solid-phase extraction (SPE) column
(70 mL/10,000 mg; Macherey–Nagel) was previously conditioned
with 20 mL of ethyl acetate, 20 mL of ethanol and 20 mL of 0.01 mol/L
HCl. After passing the sample (non-coloured and coloured phenolics),
the column was washed with 3 mL of 0.01 mol/L HCl. Then, fraction I
(non-coloured phenolics) was eluted with 20 mL of ethyl acetate and
placed in an erlenmeyer. Fraction II (anthocyanins) was eluted with
40 mL of ethanol containing 0.1% HCl and placed in a second erlenmey-
er. Both fractions were evaporated under reduced pressure, and the
dried extracts obtained were re-dissolved with 4 mL of methanol (frac-
tion I) and in 20mL of acidifiedwater, pH 3.0 (fraction II) using a mem-
brane filter (0.45 μm). 20 μL of each sample were analysed on a LC
model Agilent 1260 system (Agilent, Santa Clara, California, USA)
using a Nucleosil® 100-5 C18 column (25.0 cm× 0.46 cm; 5 μmparticle
size waters; Macherey-Nagel, Düren, Germany). Detection was
achieved with an Agilent 1260 Infinity Diode Array Detector (DAD)
using the ChemStation software supplied by Agilent Technologies
(Waldbronn, Germany).
2.3.2. Anthocyanins
Themethod used for anthocyanins (fraction II) extractionwas based

on Silva and Queiroz (2016). The mobile phase consisted of water/
formic acid/acetonitrile (87:10:3, v/v/v; eluent A) and water/formic
acid/acetonitrile (40:10:50, v/v/v; eluent B) using a gradient program
as follows: from 10% to 25% B (10 min), from 25% to 31% B (5 min),
from 31% to 40% (5 min), from 40% to 50% B (10 min), from 50% to
100% B (10 min), from 100% to 10% B (5 min). Total run time was
50 min. Flow rate was 0.8 mL/min. The injection volume was 20 μL.
The compounds in each sample were identified by comparing their re-
tention times and UV–VIS spectra in the 200–600 nm range with the li-
brary of spectra previously compiled by the authors. Anthocyanin
quantification was achieved by the absorbance recorded in the chro-
matograms relative to external standards at 500 nm. Compounds un-
known 1 and unknown 2 were quantified as cyanidin-3-O-rutinoside.
2.3.3. Non-coloured phenolics
The method for quantification of the non-coloured phenolics (frac-

tion I) was previously described by Silva and Queiroz (2016). The mo-
bile phase used is composed by 2% (v/v) acetic acid in water (eluent
A) and 0.5% (v/v) acetic acid inwater and acetonitrile (50:50, v/v, eluent
B). The solvent system startingwith 10% of B, and installing a gradient to
obtain (24% B at 20min, 30% B at 40min, 55% B at 60min, 70% B 65min,
80%B at 70min), 100% B at 75min, andmaintain 100%B isocratic during
5 min (80 min). The established solvent flow rate was 1.0 mL/min. The
injection volume was 20 μL. Spectral data from all peaks were accumu-
lated in the range of 200–400 nm. Phenolic compound quantification
was achieved through the absorbance recorded in the chromatograms
relative to external standards at 280 nm for flavan-3-ols and
hydroxybenzoic acids, 320 nm for hydroxycinnamic acids and 350 nm
for flavonols. The compounds in each extract were identified by com-
paring their retention times and UV–VIS spectra with those of authentic
standards. The hydroxybenzoic acid derivative was quantified as ρ-
hydroxybenzoic acid. The 3-O-caffeoylquinic acid and hydroxycinnamic
acid derivative were quantified as 5-O-caffeoylquinic acid. p-Coumaric
acid derivative 1, p-coumaroylquinic acid and p-coumaric acid deriva-
tive 2 were quantified as p-coumaric acid. Catechin derivative was
quantified as catechin.
2.4. Biological assays

The extract used for the biological assays was obtained from the
mixture of both fractions I and II used for the evaluation of the phenolic
compounds described above. The fractions were dried, after which it
was observed an average yield of 3.1 ± 0.006% from the starting dry
material.
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2.4.1. Evaluation of antioxidant activity

2.4.1.1. DPPH• assay. The ability of sweet cherries extracts to act as free
radical scavengers against DPPH•was determined following a described
procedure (Silva et al., 2014). For each extract, seven different dilutions
were prepared, placed into a 96-well plate, and read at 515nm. Ascorbic
acidwas used as positive control. Three experimentswere performed in
triplicate.

2.4.1.2. Nitric oxide assay. The activity against •NOwas determined as de-
scribed in previous works (Silva et al., 2014). The chromophore formed
with Griess reagent was read at 562 nm. For each extract, seven differ-
ent concentrations were prepared in a 96-well-plate. Ascorbic acid
was used as positive control. Three experiments were performed in
triplicate.

2.4.2. α-Glucosidase inhibitory activity
The inhibition of α-glucosidase activity was determined at 405 nm,

based on Ellman's method previously described (Silva & Teixeira,
2015). For each extract, six different concentrations were tested.
Acarbose was used to positive control. Three experiments were per-
formed in triplicate.

2.5. In vitro ROO•-induced oxidative damage in human erythrocytes

For the evaluation of the in vitro ROO•-induced oxidative damage in
human erythrocytes only one cultivar was used. Saco cherry was select-
ed taking into consideration that it is the most important cultivar in the
Fundão region.

2.5.1. Isolation of human erythrocytes
Venous human blood was collected from randomized patients of

Centro Hospitalar of Cova da Beira (Covilhã), by antecubital venipunc-
ture into K3EDTA vacuum tubes. Erythrocytes were isolated based on
the procedure described by Chisté, Freitas, Mercadante, & Fernandes
(2014). Briefly, the collected blood was transferred to sterile conic
tubes (15 mL), mixed with 6 mL of PBS (pH 7.4) and centrifuged at
1500×g for 5 min at 4 °C. After centrifugation, the supernatant was
discarded; the erythrocytes were washed with 6 mL of PBS and centri-
fuged again. This procedurewas repeated twice and the resulting super-
natant was discarded. The number of cells (cells/mL) and viability
(always above 98%) were obtained by the Trypan blue exclusion meth-
od. The suspensions of isolated erythrocytes were kept on ice until use.

2.5.2. Inhibition of hemoglobin oxidation
The inhibition of hemoglobin (Hb) oxidationwas evaluated bymon-

itoring the effects of the lyophilized Saco extract on the formation of
metHb (Chisté, Freitas, Mercadante, & Fernandes, 2014) after the reac-
tion of oxyhemoglobin (HbO2) with ROO• generated by AAPH. The ex-
tract was dissolved in PBS (6.3–100 μg/mL, final concentration), mixed
with the suspension of human erythrocytes (1250 × 106 cells/mL,
Fig. 1.A profile of Saco sweet cherry obtained by LC-DAD. Detection at 500 nm. (1) unknown1, (
3-O-rutinoside and (6) peonidin-3-O-rutinoside, according to Table 1.
final density) and incubated at 37 °C in a water-bath, for 30 min,
under slow agitation (≈50 rpm). After incubation, AAPH (50 mM,
final concentration) was added to the media and then incubated in
the same conditions described above for 4 h. The entire volume of the
reaction mixture was centrifuged at 1500×g for 5 min at 4 °C. The su-
pernatant (300 μL) was placed in a 96-well plate and the absorbance
was read at 630 nm (Mariutti, Rodrigues, Chisté, Fernandes, &
Mercadante, 2014). Five experiments were performed in duplicate.

2.5.3. Inhibition of hemolysis
ROO• were generated by AAPH and the prevention of ROO•-induced

hemolysis of human erythrocytes was evaluated by monitoring the re-
lease of Hb aftermembrane disruption caused by the hemolytic process,
according to the optimized procedure described by Chisté et al. (2014).
Briefly, six different concentrations of the lyophilized Saco extract dis-
solved in PBS (16–500 μg/mL, final concentration) and the suspension
of human erythrocytes (1775 × 106 cells/mL) were incubated at 37 °C
inwater-bath during 30min, under slow agitation (≈50 rpm), followed
by the addition of AAPH solution (17mM) and incubated again for 3 h in
the same conditions described before. After incubation, the entire vol-
ume of the reaction mixture was transferred to 1.5 mL connic
microtubes and centrifuged at 1500×g for 5 min at 4 °C. The superna-
tant (300 μL) was placed in a 96-well plate and the absorbance was ob-
tained at 540 nm. Five experiments were performed in duplicate.

2.6. Statistical analysis

Statistical comparison was made using one-way ANOVA and the
means were classified by Tukey's test at a 95% level of significance. Dif-
ferences were considered significant for P b 0.05. To determine the cor-
relation between the antioxidant activitymethods and the contribution
of the total phenols, Pearson's correlation coefficients were calculated.
All analyses were performed using Graph Pad Prism Version 6.01.

3. Results and discussion

3.1. Phenolic composition

3.1.1. Anthocyanins
The analysis by LC-DAD allowed the identification of four com-

pounds being quantified six anthocyanins: unknown 1 (1), cyanidin-
3-O-glucoside (2), cyanidin-3-O-rutinoside (3), unknown 2 (4),
pelargonidin-3-O-rutinoside (5) and peonidin-3-O-rutinoside (6) (Fig.
1 and Table 1).

All of these compounds were previously described in sweet cherry
cultivars (Ballistreri et al., 2013; Jakobek et al., 2007; Serra et al.,
2011), except for both unknown 1 and 2, even though we cannot iden-
tify the compounds, they are here reported for the first time (Table 1).
Despite the differences observed in the amounts of each anthocyanin,
the analysed samples exhibited similar profile. The anthocyanin identi-
fied as unknown 1was only identified in Saco andHedelfinger (Table 1).
2) cyanidin-3-O-glucoside, (3) cyanidin-3-O-rutinoside, (4) unknown 2, (5) pelargonidin-
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On the other hand, pelargonidin-3-O-rutinoside was identified in all
samples, except in Satin (Table 1).

The linearity was obtained with standard solutions at seven differ-
ent concentrations, selected as representative of the range of concentra-
tions of the compounds in sweet cherries. The calibration plots showed
a good correlation, as indicated by correlation coefficient (R2) with
values higher than 0.99 for all anthocyanins (Table 1). The limit of de-
tection (LOD = 3S0 / b), and limit of quantification (LOQ = 10S0 / b)
(S0 is the standard deviation of the signal-to-noise ratio of a low con-
centration standard and b is the slope of the calibration curve)
(Oliveira et al., 2010) are also shown in Table 1. The LOD and LOQmea-
sured in sweet cherry cultivars ranged between 0.21 and 0.63 ng/mL
and 0.63–1.91 ng/mL, respectively. These results are in agreement
with a previous work that presented LOD and LOQ for anthocyanins
to be around 0.30 and 0.50 ng/mL and 0.10 and 1.25 ng/mL, respectively
(Sandhu, Edirisinghe, Burton-Freeman, & Zweigenbaum, 2016).

To evaluate recovery, aliquots of cyanidin-3-O-rutinoside standard
solution were treated with the same method and quantified by LC-
DAD, obtaining a recovery of 101.93 ± 0.27%. Repeatability was per-
formed by analysing the same samples five times in the same day by
the same analyst. The coefficients of variation obtained were lower
than 5% (Table 1), proving that the repeatability of the procedure was
satisfactory (Bayram, Ozcelik, Schultheiss, Frank, & Rimbach, 2013).
Furthermore, the interday precision was determined by analysing the
samples on five different days (one injection per day), and coefficients
of variation found were lower than 14% (Table 1), indicating that
interday precision was within the established parameters.

The total amounts of anthocyanins ranging between 1076.97 and
2183.55 μg/g of lyophilized sweet cherries.Maring was the richest cul-
tivar followed by Hedelfinger and Saco, being Satin the poorest one
(Table 1). In a general way, our results are in accordance with Serra et
al. (2011), where anthocyanins content varied between 560 and 3720
of μg/g expressed as dry weight (dw) of fruit.

Cyanidin-3-O-rutinoside was the major compound identified in all
sweet cherry cultivars, representing 87.7%–91.9% of total contents of
anthocyanins, and 42.5%–68.6% of total phenolic compounds (Tables 1
and 2). Our data is in accordancewith other previousworks that report-
ed cyanidin-3-O-rutinoside and cyanidin-3-O-glucoside as themain an-
thocyanins present in sweet cherries (Kelebek & Selli, 2011; Serra et al.,
2011). As far as we know, this is the first report about the anthocyanin
profile of Satin cultivar.

Comparing the sweet cherries content with other red fruits, they
were richer in anthocyanins than tart cherries (Prunus cerasus L.)
(618.1 μg/g expressed as dw), and also presented higher contents in
cyanidin-3-O-rutinoside, however tart cherries presented other antho-
cyanins not reported in sweet cherries, such as cyanidin-3-
glucosylrutinoside and cyanidin-3-sophoroside (Seymour et al., 2008).
The Portuguese red grapes namely Jaen,Alfrochadeiro and Syrah showed
similar anthocyanin contents to sweet cherries, except Touriga, that
showed two times more anthocyanins than the anthocyanin-rich
Maring (Table 1). The main anthocyanin found in grapes was
malvidin-3-O-glucoside (Silva & Queiroz, 2016). Sweet cherries also
showed a similar content to blackberry fruits (Rubus fruticosus L.)
(1760 μg/g expressed as dw). Cyanidin-3-O-glucoside was reported as
the main one in these fruits, followed by cyanidin-3-xyloside,
cyanidin-3-malonylglucoside, cyanidin-3-dioxalylglucoside and
cyanidin-3-sambubioside (Zia-Ul-Haq, Riaz, De Feo, Jaafar, & Moga,
2014).

3.1.2. Non-coloured phenolics
In respect to non-coloured phenolic compounds, the analysis of

sweet cherries by LC-DAD allowed the identification and quantification
of seventeen non-coloured different phenolics, comprising one
hydroxybenzoic acid (1), eight hydroxycinnamic acids (peaks 2–4, 6–
9 and 11), three flavan-3-ols (peaks 5, 10 and 12) and five flavonols
(peaks 13–17) (Fig. 2 and Table 2).



Fig. 2. Non-coloured phenolic profile of Saco sweet cherry obtained by LC-DAD. Detection at 280 (A), 320 (B) and 350 nm (C) according to Table 2.

95A.C. Gonçalves et al. / Food Research International 95 (2017) 91–100
All compounds were previously reported in sweet cherries (Bastos
et al., 2015; Kelebek & Selli, 2011; Serra et al., 2011), except querce-
tin-3-O-galactoside that was here reported for the first time. To confirm
the presence of this compound, and using the same experimental condi-
tions, we compared retention times and UV–VIS spectra with those of
authentic standard. We obtained identical chromatograms where both
had the same order of elution and identical UV spectra to our sweet
cherry samples. Nevertheless, the five cultivars showed qualitative
and quantitative differences (Table 2). Quercetin-3-O-galactoside was
only detected in Maring and Hedelfinger. Additionally, p-coumaric acid
and quercetin were only identified in Saco and Hedelfinger. Catechin
was not detected in Satin and Hedelfinger.

Calibration curves were obtained with standard solutions at seven
different concentrations, selected as representative for the range of
compound concentrations in sweet cherries. The calibration plots
showed a good correlation, as indicated by R2 values higher than 0.99
for all non-coloured phenolics (Table 2). The LOD and LOQ determined
ranged between 0.16 and 1.18 ng/mL and 0.50–3.59 ng/mL, respectively
(Table 2). These results are in agreementwith Bayramet al. (2013),who
reported values between 0.03 and 1.70 ng/mL for LOD and 0.30–
5.40 ng/mL for LOQ.

To evaluate non-coloured phenolics recovery, aliquots of 5-O-
caffeoylquinic acid and quercetin-3-O-rutinoside were treated and
quantified using the same method, obtaining a recovery of 86.10 ±
0.045% and 100.39 ± 1.81%, respectively. Repeatability and interday
precision were determined, and the coefficients of variation obtained
were lower than 10% and 15%, respectively (Table 2), indicating that
the repeatability and interday precision of the procedure within the
established parameters (Bayram et al., 2013).

The non-coloured phenolic contents of sweet cherry cultivars
ranged between 389.10 and 2024.44 μg/g of dw, being Hedelfinger the
richest one, followed by Saco andMaring. Sweetheart presented the low-
est amounts in non-coloured phenolics, with five times less content
than Hedelfinger and four times less than Saco (Table 2). Our results
were similar to those obtained by Serra et al. (2011), where non-
coloured content varied between 542 and 1957 of μg/g of dw. The
same study, also reported that total flavonoid content in Saco was
1957 μg/g, similar to that obtained in this work (Table 2).

Phenolic acids corresponded to 95.2, 93.6, 93.6, 90.7 and 86.3% of
total non-coloured phenolic compounds for Hedelfinger, Saco, Satin,
Maring and Sweetheart, respectively (Table 2). The hydroxybenzoic
acid derivativewas the only hydroxybenzoic acid identified and quanti-
fied in all cultivars (Table 2). Relatively to hydroxycinnamic acids, they
corresponded to 61.9–91.5% of the total non-coloured phenolic com-
pounds, being 3-O-caffeoylquinic acid the major one found in all the
studied cherry samples, except in Satin, where ρ-coumaroylquinic acid
was the predominant hydroxycinnamate.

These results are in accordancewith previous workswhich reported
the 3-O-caffeoylquinic acid as the main non-coloured phenolic in Saco,
Maring and Sweetheart cultivars (Hayaloglu & Demir, 2016; Serra et
al., 2011).

Concerning flavonoids (flavan-3-ols and flavonols), epicatechin
(flavan-3-ol) was the one presenting higher amounts in Saco, corre-
sponding to 3.2% of total amounts of non-coloured phenolics. On the
other hand, quercetin-3-O-rutinoside (flavonol)was themost abundant
in Sweetheart,Maring andHedelfinger, ranging between 6.3, 2.9 and 2.2%
of total non-coloured phenolics, respectively. On the other hand, quer-
cetin-3-O-glucoside (flavonol) was the main one in Satin, representing
1.6% of total non-coloured phenolics (Table 2). Flavonoids like epicate-
chin, catechin, quercetin-3-O-rutinoside and quercetin-3-O-glucoside
were previously reported in sweet cherriesMaring, Saco and Sweetheart
(Hayaloglu & Demir, 2016; Serra et al., 2011). As far as we know, this is
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the first study that reported the non-coloured phenolic profile of Satin
cultivar.

Comparatively with other red fruits, sweet cherries showed less
amounts of non-coloured phenolics than tart cherries (5103–7813 μg/g
expressed as dw, respectively) (Kirakosyan, Seymour, Llanes, Kaufman,
& Bolling, 2009). Furthermore, tart cherries present isorhamnetin-3-O-
rutinoside (not identified in sweet cherries), quercetin and kaempferol
as the main compounds (Seymour et al., 2008). Red grapes proved to be
poorer than sweet cherries (ranged between 343.80 and 1328.30 μg/g
expressed as dw), being more abundant in epigallocatechin, catechin
and quercetin-3-O-glucoside (Silva & Queiroz, 2016). As sweet cherries,
blueberries (total amount of non-coloured phenolics = 26.700 μg/g
expressed as dw) are very rich in hydroxycinnamic acids, mainly caffeic
acid, but presenting lower amounts of quercetin than sweet cherries
(Jakobek, Seruga, Seruga, Novak, & Medvidović-Kosanović, 2009).

3.2. Antioxidant potential

Natural antioxidants present in fruits and vegetables have gained in-
creasing interest among the scientific community and consumers, be-
cause epidemiological studies have indicated that regular consumption
of natural antioxidants is associated with a lower risk of cardiovascular
disease and cancer (Kelley, Rasooly, Jacob, Kader, & Mackey, 2006;
Miguel, 2011).

DPPH assay is routinely practiced for assessment of free radical scav-
enging potential of an antioxidant molecule, considered an easy stan-
dard colorimetric method for the evaluation of antioxidant properties
of pure compounds and extracts, givingus a general screening of antiox-
idant potential (Ebrahimzadeh, Nabavi, Nabavi, Eslami, & Rahmani,
2010; Teixeira & Silva, 2013). All extracts exhibited a dose-dependent
effect against DPPH•. Hedelfinger, Satin and Saco were the most active
(IC50=12.1±0.37; 14.1±0.43 and 16.2±0.46 μg/mL of dried extract,
respectively) (Fig. 3A and Table 3), displaying similar activity to the pos-
itive control, ascorbic acid (IC50 = 16.92 ± 0.69 μg/mL).

Our values are in accordance with Prvulović, Popović, Malenčić,
Ljubojević, and Ognjanov (2011), who reported that the aqueous:acetone
(70:30) extract of Hedelfinger showed great capacity to scavenge DPPH•

(showing an activity of 86.94% at 0.02 g/mL). Comparatively with other
red fruits, sweet cherries revealed a higher activity than blackberry
Čačanska Bestrna fruits (IC50 ranged between 96.0 and 118.1 μg/mL
expressed as dried aqueous extract) (Ivanovic et al., 2014), and less activ-
ity than calafate fruits, blueberries (IC50 = 2.33± 0.21 μg/mL and 3.32±
0.18 μg/mL expressed as dried aqueous extract, respectively) and straw-
berries (Fragaria × ananassa Duch.) (IC50 = 7.6 ± 2.1 μg/mL expressed
as dried aqueous extract) (Brito, Areche, Sepúlveda, Kennelly, &
Simirgiotis, 2014; Mandave, Rani, Kuvalekar, & Ranjekar, 2013). Further-
more, the activities shown by Hedelfinger, Satin and Sacowere similar to
bilberries (Vaccinium myrtillus L.) (IC50 = 14.87 ± 0.52 μg/mL expressed
as dried methanolic extract) (Güder, Gür, & Engin, 2015).

The extracts were then tested against •NO, a free radical present in
our organism and if overproduced has a negative impact in mitochon-
dria and proteins, reactingwith oxygen and superoxide reactive species,
producing more toxic radicals like peroxynitrite and ROO•, increasing
cell damage. Additionally, it can activate pro-inflammatory transcrip-
tion factors, causing neurodegenerative and chronic diseases, as rheu-
matoid arthritis, diabetes, atherosclerosis and cancer (Miguel, 2011;
Silva et al., 2014). Along this assay all extracts exhibited a dose-depen-
dent effect, being Maring, Saco and Hedelfinger (IC50 = 140.91 ± 1.85,
176.68 ± 3.35 and 185.11 ± 1.52 μg/mL of dried extract, respectively)
the most actives (Fig. 3B and Table 3), displaying similar effect when
compared to positive control, ascorbic acid (IC50 = 162.66 ±
1.31 μg/mL). The positive effect of sweet cherry against •NO had already
been proved in a study performed with eighteen healthy men and
women, consuming 280 g daily of Bing sweet cherries during 28 days.
The results revealed a significant reduction (about 18%) in nitric oxide
levels in the blood (Kelley, Rasooly, Jacob, Kader, & Mackey, 2006).



Fig. 3. Antioxidant activity against DPPH• (A) and •NO (B), and α-glucosidase inhibition
activity (C) of sweet cherries extracts.
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Our samples are less active than Indian sweet cherries (IC50= 21.1±
2.31 μg/mL expressed as dried ethanolic extract) (Bhattacharjee, Kamal, &
Roy, 2016), but more active than blueberries (IC50 = 1500 μg/mL
expressed as dried ethanolic extract) (Samad, Debnath, Ye, Hasnat, &
Lim, 2014).

The antioxidant capacity of plant extracts is closely linked to their
phenolic composition, whose anti-radical properties are known
(Jakobek et al., 2007). In a general way, the antioxidant capacity of the
fruits is proportional to their phenolic content: samples richer in
Table 3
IC50 (μg/mL) values found in the antioxidant activity and α-glucosidase assays for sweet cherri

Assay Saco Sweetheart

DPPH• 16.24 ± 0.46 43.03 ± 0.53a
•NO 176.69 ± 3.35 227.90 ± 1.55a

α-Glucosidase 10.79 ± 0.40 14.34 ± 0.56a

Values are expressed as mean ± standard deviation of three assays.
a Significant result (P b 0.05) is indicated as vs Saco.
b P b 0.05 is indicated as vs Sweetheart.
c P b 0.05 is indicated as vs Satin.
d P b 0.05 is indicated as vsMaring.
phenolic content (particularly anthocyanins, flavonols, flavan-3-ols
and phenolic acids) show bigger antioxidant activity (Kelebek & Selli,
2011), as observed for Saco, Maring and Hedelfinger (Tables 1, 2 and
3). Phenolic compounds possess great antioxidant capacity due to
their structure, where the hydroxyl (OH) groups in unsaturated C ring,
and also in the 3′, 4′ and 5′ positions in B ring increase the donation of
hydrogen (Tadera, Minami, Takamatsu, & Matsuoka, 2006). Anthocya-
nins, particularly cyanidin (and its glycosides), are great antioxidant
molecules since they have more OH groups than the other compounds
(Mendes, De Freitas, Baptista, & Carvalho, 2011). As mentioned above,
all of the antioxidant assays were performed with hydroethanolic ex-
tracts of each sample. Additionally, phenolics were the only compounds
identified in those extracts. As so, in order to search for possible correla-
tions between the determined compounds and the antioxidant capacity
displayed by sweet cherries' extracts, Pearson's test was performed con-
sidering the IC50 values found in the both assays and the phenolic com-
pounds content in each hydroethanolic extract. The results obtained
indicate that the activity of all sweet cherries' extracts against DPPH•

and •NO was negatively correlated with the phenolic amounts. Never-
theless, individually, a little positive correlation was found between
DPPH• test, kaempferol-3-O-rutinoside (r = 0.4760) and peonidin-3-
O-rutinoside (r = 0.4325). Additionally, ρ-coumaric acid derivative 1
(r = 0.9444), ρ-coumaroylquinic (r = 0.8646), ρ-coumaric (r =
0.8012) and 5-O-caffeolyquinic (r = 0.6441) acids, and quercetin-3-O-
glucoside (r = 0.8640) showed positive correlation with •NO scaveng-
ing test. The possible presence of other non-determined active com-
pounds like organic acids, volatiles, among others cannot be ignored,
as they may contribute to increase the antioxidant potential.
3.3. α-Glucosidase inhibitory activity

The search for natural sources to inhibit carbohydrate-hydrolyzing
enzymes, as α-glucosidase, increased due to their high potential for
treating diabetes mellitus type 2 (Yin, Wang, Gu, Gu, & Kang, 2012).
The inhibition of this enzyme delays the absorption of ingested carbo-
hydrates, reducing blood glucose levels and improving insulin sensitiv-
ity (Silva & Costa, 2014).

As far as we know, this is the first report concerning the ability of
sweet cherry extracts to inhibit α-glucosidase activity. All tested ex-
tracts were able to inhibit this enzyme in a dose-dependent manner.
Hedelfinger (IC50 = 10.25 ± 0.49 μg/mL) was the most active, followed
by Saco (IC50 = 10.79 ± 0.40 μg/mL) and Maring (IC50 = 11.38 ±
0.48 μg/mL) (Fig. 3C and Table 3). The obtained IC50 values were much
lower than positive control acarbose (IC50 = 306.66 ± 0.84 μg/mL), a
drug commercialized as an enzyme inhibitor for type 2 diabetes, being
reported several undesirable effects like intestinal pain, flatulence and
diarrhea (Sathya & Siddhuraju, 2012). The antidiabetic potential of
sweet cherries was already reported in a study performed with diabetic
rats that were fed with 200 mg of fruit extract per kg body weight, dur-
ing 30 days. After this time, all animals showed reduced blood glucose
and urinary microalbumin levels, and also an increase of creatinine se-
cretion, proving that sweet cherries consumption can protect pancreatic
β-cells from damage, and also retard glucose absorption (Lachin, 2014).
es dried extracts.

Satin Maring Hedelfinger

14.10 ± 0.43b 20.66 ± 0.52a,b,c 12.12 ± 0.37a,b,d

439.40 ± 2.44a,b 140.91 ± 1.85a,b,c 185.11 ± 1.52b,c,d

16.31 ± 0.71a,b 11.38 ± 0.48b,c 10.25 ± 0.49b,c
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Comparatively with other red fruits, the inhibition of α-glucosidase
by sweet cherries superior to the activity reported for raspberries
(IC50 = 67.7 μg/mL expressed as dried ethyl acetate extract) (Yin et
al., 2012), strawberries (IC50 = 76.83 ± 0.93 μg/mL expressed as dried
aqueous extract) (Mandave et al., 2013) and bilberries (Vaccinium
myrtillus L.) (IC50=138.41±1.05 μg/mL expressed as driedmethanolic
extract) (Güder et al., 2015).

The positive results obtained for sweet cherries against α-glucosi-
dase may be attributed, at least partially, to their phenolic composition.
Besides increasing antioxidant capacity, anthocyanins and non-coloured
phenolics can inhibit α-glucosidase activity in both competitive and
non-competitive ways, enhancing antidiabetic properties (Tadera et
al., 2006). In this work, a direct relation between the phenolic content
and antidiabetic capacity was also observed. For example, Hedelfinger,
in addition to having the highest phenolic content, also revealed the
highest inhibitory activity of α-glucosidase, followed by Saco (Tables 1
and 2).
Fig. 4. Inhibition of hemoglobin oxidation (A) and hemolysis (B) by Saco sweet cherry
extract.
3.4. Protective effects of Saco extracts against ROO• in human blood samples

Erythrocytes are prime targets for free radical species owing to the
presence of both high membrane concentration of polyunsaturated
fatty acids and the oxygen transport closely linkedwith active hemoglo-
bin molecules, which are promotors of reactive oxygen species (ROS)
(Umbreit, 2007). Given so, in this experimental work and knowing the
several benefits of detected cherry bioactive compounds, we evaluated
for the first time the preventive effect of Saco sweet cherry extracts
against ROO•-mediated toxicity generated by AAPH.

The oxidation of hemoglobin (resulting in methemoglobin (MHb),
where the iron in the heme group is in the Fe3+ state and not as in nor-
mal state (Fe2+)) is not yet completely understood, but it is related to
oxidative stress, in perturbations of protein interactions and damage
in lipids, that makes the membrane of erythrocytes more susceptible
to be degraded (Umbreit, 2007). MHb causes hipoxia events due to
the inability of hemoglobin to bind or carry the oxygen, and causes an
increase of ROS and reactive nitrogen species. MHb is also related to
the lysis of erythrocytes and inflammatory processes, enhancing the re-
lease of interleukin (IL)-6 and IL-8, and E-selectin (adhesion molecule)
at a cellular level (Umbreit, 2007).

Fig. 4A shows the protective effects of Saco extracts against hemo-
globin oxidation in a concentration dependent manner (IC50 =
38.57 ± 0.96 μg/mL). Saco extract showed values twelve times less ef-
fective than quercetin control (IC50 = 3.10 μg/mL) analysed in the
same conditions, reported as the most efficient phenolic compound
against hemoglobin oxidation (Chisté et al., 2014).

Few studieswere found about the capacity of fruit extracts to protect
hemoglobin against oxidation. Relatively to other fruits, Saco extracts
showed to be seven timesmore efficient to avoid hemoglobin oxidation
than hydrophilic extracts of murici fruits (Byrsonima crassifolia), a fruit
native to the North and Northeast regions of Brazil very rich in caroten-
oids (lutein and zeaxanthin), quercetin and gallic acid (IC50 = 271 ±
44 μg/mL expressed as dried extract) (Mariutti et al., 2014).

The ability of flavonoids to prevent damage in erythrocytes is due to
the OH substitutions: the more OH groups, greater the capacity of scav-
enging these reactive species. To highlight the cyanidin derivatives
(with and without a sugar molecule) role, which in addition to
possessing many OH groups, they can easily bind to the membrane of
erythrocytes, improving its strength, and enhancing its protection
against oxidation (Bonarska-Kujawa, Sylwia, Żyłka, Oszmiański, &
Kleszczyńska, 2014). Relatively to non-coloured phenolics, Kitagawa,
Sakamoto, and Tano (2004) reported that numerous flavonoids present
in Saco sweet cherry, particularly quercetin, quercetin glycosides and
(−)-epicatechin, can inhibit the hemoglobin oxidation. These flavonoids
are able to oxidize the heme iron of erythrocytes, thereby inhibiting their
enzymatic reactions and preventing oxidation.
ROO• generated by AAPH attacks the membrane of the erythrocytes
from outside, leading to hemolysis. Saco extracts avoid hemolysis in a
concentration dependent manner (IC50 = 73.03 ± 1.48 μg/mL) (Fig.
4B), proving efficiency to scavenge radical species in themediumbefore
they can attack the erythrocytes, protecting them from lysis. Despite
their protective potential, Saco revealed to be 104 times less effective
than quercetin control (themost efficient phenolic for erythrocytes pro-
tection reported until now) analysed in the same conditions (IC50 =
0.7 μg/mL) (Chisté et al., 2014). Comparatively with other fruits, Saco
sweet cherry proved to be five times more efficient than strawberry
fruits (Arbutus unedo L.) (IC50 = 430.00 μg/mL expressed as dried aque-
ous extract) (Mendes et al., 2011), but six times less effective thanMex-
ican grapes (Ruby Cabernet) (IC50 = 11.62 μg/mL expressed as dried
methanolic extracts) (García-Becerra et al., 2016).

It is well known that flavonoids enhance erythrocytes' resistance
against free radical species, mainly due to their capacity to capture
them, by donating electrons. In addition, flavonoids also exhibit metal-
chelation properties, quenching radicals formed in the aqueous phase
before they can damage the erythrocytes' membrane (Carvalho et al.,
2010; Ebrahimzadeh et al., 2010), so it was expected that Saco was ef-
fective in the protection of erythrocytes against ROO• generated by
AAPH. These results are supported by another experimental work per-
formed by Blasa, Candiracci, Accorsi, Piacentini, and Piatti (2007)
which proved that phenolics protect the erythrocyte membrane due
to its liposolubility. This allows them to be strongly incorporated into
the membrane and act as antioxidant agents, leading to minimization
of the concentration of reactive species.
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4. Conclusion

Considering the current interest in red fruits containing antioxidants
and health-promoting phytochemicals as natural potential therapeutic
agents, this work provides important information about the phenolic
composition and biological potential of sweet cherries from Fundão
(Portugal). A total of six anthocyanins and seventeennon-coloured phe-
nolic compounds were quantified in sweet cherries, proving these to be
a good source of bioactive compounds. Relatively to antioxidant activity,
all samples showed great potential. Hedelfinger exhibited the best scav-
enging activity against DPPH•, and Maring proved to be more efficient
against •NO. Additionally, sweet cherries revealed great α-glucosidase
inhibitory activity, being more effective than the control acarbose. Fur-
thermore, Saco proved to be able to inhibit hemoglobin oxidation and
erythrocyte hemolysis in a concentration dependentmanner, obtaining
promising values during the assays. The phenolics found in sweet
cherries contribute to the observed effects, playing an important role
in the prevention of oxidation and cellular damage. As so, the consump-
tion of these fruits can have great importance for attenuate/mitigate the
development of human diseases associated with oxidative stress. Nev-
ertheless, more studies are needed to unravel other positive benefits
of sweet cherries in human health.
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