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Abstract

The establishment of the corresponding standards of quality to promote the commercialization of Rubus ulmifolius Schott
(Rosaceae) blackberries from Calabria (Italy) has been aimed in this study. Data on the volatile composition gathered by
Solid-Phase Microextraction (SPME) followed by GC-MS have been complemented with the study for the first time of phys-
icochemical parameters and antioxidant capacity of wild and cultivated blackberries collected in seven different locations
of Calabria. Wild fruits showed significantly higher dry matter content (16.34-22.14%) and pH (3.92-5.12) and lower total
acidity (0.23-0.74 as % of citric acid) compared to the cultivated sample (dry matter: 15.31%; pH: 3.30 and total acidity: 1%
citric acid), whereas colour and total soluble solids were similar. Antioxidant capacity (DPPH assay) of wild blackberries,
correlated (r=0.71) with results from ABTS assay, was significantly higher (SE5y=1.6-3.4 mg DW), in agreement with its
higher content of total anthocyanins and total phenolics. Ethanol (11.8-32.4%), trans-2-hexenal (2.7-21.3%), methylbutanal
(5.7-17.4%), and ethyl acetate (4.6—11.9%) were the major compounds in both wild and cultivated blackberries. Although
the presence or relative concentration of several volatiles (e.g. p-cymen-8-ol, decanal, 3-hydroxy esters, etc.) seemed to be
characteristic of the harvest location/blackberry type, further research on a higher number of samples should be carried
out to confirm these results. The comprehensive characterisation addressed for the first time in this paper is a valuable pre-
liminary contribution to satisfy the demand by consumers and farmers of objective data to support the premium quality of
Calabrian blackberries.
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Introduction

Blackberry (Rubus sp.) fruits have long been collected
and consumed, not only for their pleasant aroma and taste
[1-5], but also for their high nutritional value and bioac-
tive properties associated with the wide variety of phyto-
chemicals (vitamins, minerals, polyphenols, etc.) they pos-
sess [6-9]. Thus, among other health benefits, blackberries
have been reported to have antioxidant, anti-carcinogenic,
anti-inflammatory, antimicrobial, anti-diabetic, anti-diar-
rheal, and antiviral activities [10-12]. All these properties
have contributed not only to their increasing popularity as
part of a healthy human diet [13, 14], but also to enlarge
their economic importance in the food industry as a source
of natural flavourings or food pigments, as raw material
for the elaboration of different foodstuffs (liquors, juices,
jams, syrups, pastries, etc.), etc.

Blackberry aroma, directly related to its volatile compo-
sition, is also decisive as regard as the appreciation of this
berry by consumers. As for bioactives, blackberry volatile
profiles and odour-active compounds are affected by many
factors such as the genotype, the pre-harvest and post-
harvest conditions, etc. As an example, ‘Marion’ black-
berries characterised by fresh fruit and strawberry notes,
show high contents of acids and esters, and are preferred
by some consumers over ‘Thornless Evergreen’ black-
berries, with higher alcohol content, and a vegetal and
woody character [3]. Although different methodologies
have been described in the literature for volatile profiling
of berries belonging to the Rubus genus, methods based on
the use of Solid-Phase Microextraction (SPME) followed
by GC-MS have scarcely been applied so far for the study
of the aroma of blackberries, despite their advantages in
terms of speed, simplicity, affordability, sensitivity, etc.
[5, 15-18].

Rubus sp. blackberries have been described to be a good
source of natural antioxidants with a remarkably high
scavenging activity towards chemically generated super-
oxide radicals [14, 19-22]. This bioactivity, attributed to a
variety of constituents but mainly to phenolic compounds,
has been evaluated by a large number of in vitro tests [23,
24]. As one of the main classes of phenolics in blackber-
ries, the results of many studies have evidenced that the
antioxidant activity of this fruit is mainly correlated with
its anthocyanin content [25, 26]. Other health-promoting
activities associated with the phenolic composition of
blackberries include anti-inflammatory [14, 27], antican-
cer [8, 14], etc.

Rubus ulmifolius Schott is an evergreen shrub of
0.25-2 m high, having prickly stems, compound leaves
consisting of 3-5 leaflets, white or pink flowers (2-3 cm)
in pyramidal inflorescence and black (when ripened) fruits
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with excellent organoleptic properties. R. ulmifolius Schott
is widespread all over Italy up to 1100 m above the sea
level, and it is one of the most frequent species of bram-
ble, often invasive in urban and suburban ecotypes [28,
29]. Despite both the climatological and soil conditions of
Calabria (Southern Italy) make the spontaneous growth of
blackberries favorable, harvesting of wild blackberries is
mainly considered as an entertainment activity and only a
relatively extensive cultivation area, as compared to other
typical Calabrian crops, is dedicated to blackberry pro-
duction. Cultivation of varieties (adapted or not from this
wild species) could be, therefore, considered as a profit-
able resource for economic revalorisation of this region.
To this aim, studies that comprehensively evaluate both
the changes in aromatic composition and bioactivity with
harvest year are highly demanded, as they contribute not
only to the characterisation of these samples, but also to
further establish their standards of quality.

A single report by D’Agostino et al. [17] on optimiza-
tion of a SPME method for isolation of volatiles prior to
their gas chromatographic-mass spectrometric analysis
has been previously applied to the characterisation of the
volatile composition of R. ulmifolius Schott blackberries
collected in 2012 in different locations of Calabria (Italy)
and Spain. As novelty over this reference, a comprehensive
characterisation by SPME GC-MS of the volatile compo-
sition of wild and cultivated R. ulmifolius Schott black-
berries collected in the same locations of Calabria but at
a different harvest year aimed to evaluate the stability of
the aromatic profile with the harvesting conditions, has
been complemented with the study for the first time in this
paper of their physicochemical parameters and antioxidant
activity. Results from this research are a valuable contribu-
tion in different fields such as food science, agriculture,
etc., as aroma and antioxidant activity are two of the main
attributes of blackberries valued by consumers.

Materials and methods
Chemicals

Methanol and anhydrous sodium carbonate were pur-
chased from Carlo Erba Reagents (Milan, Italy). Potassium
chloride, sodium acetate, 2,2'-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS), 0.1 N sodium hydrox-
ide, gallic acid and the 2 N Folin-Ciocalteu reagent were
obtained from Sigma-Aldrich Co. (Milan, Italy). Purity of
all chemicals, except for DPPH (>90%), was higher than
97.5%. All other reagents were from Sigma-Aldrich Co.
(Milan, Italy).



European Food Research and Technology (2022) 248:905-916

907

Samples

A total of seven 500 g-blackberry (Rubus ulmifolius Schott)
samples harvested in June 2011 at their full-ripe stage were
subjected to analysis: six wild blackberry samples were har-
vested at different locations in Calabria (Southern Italy),
and one cultivated R. ulmifolius Schott (‘Loch Ness’ cul-
tivar) sample was obtained from a greenhouse in Bovalino
(Calabria). Sample codes and harvest locations/altitudes are
listed in Table 1.

Portions of each of these seven blackberry samples were
differently processed according to the scheduled type of
analysis. Fresh portions were immediately used for phys-
icochemical assays, while the frozen ones (stored in the
dark at—20 °C for less than 2 weeks) were subsequently
employed for antioxidant analysis (DPPH). Finally, freeze-
dried blackberries aimed to ABTS assay and volatile deter-
mination were processed as whole berries using a Lyoalfa 6
freeze-drier (Telstar, Italy), and were stored at — 20 °C for
better preservation until analysis.

As for physicochemical characterization and antioxidant
analysis, three randomized batches (10 g each) for every
harvesting location were considered for analysis, whereas
freeze-dried batches for the same collection place were
combined, powdered and sieved (< 0.5 mm) before volatile
profiling.

Physicochemical characterization

Colour was measured at 25 °C using a Konica Minolta CM-
700d/600d spectrophotometer (Konica Minolta Sensing,
Inc., Japan). Data were expressed as L* (lightness/darkness
in the range 0-100), a* (greenness/redness in the range
between — 60 and + 60) and b* (blueness/yellowness in the
range between — 60 and + 60) coordinates.

A Crison basic 20 pH meter (Crison strumenti SpA,
Modena, Italy) was used to measure the pH of blackberry
homogenates obtained from 10 g of blackberry pulp and
90 mL of deionised water using an Ultra-Turrax T-25
homogeniser (IKA Labortechnik, Janke & Kunkel, Saufen,

Table 1 Calabrian wild and cultivated Rubus ulmifolius Schott black-
berries under analysis

Sample code Location  Altitude (m) Latitude Longitude

COS Cosoleto 429 38°16'33" N 15°55'43"E
FIL Filadelfia 505 38°46'36" N 16° 1725"E
ROS Rosarno 66 38°29'08"N  15°58'47"E
CIC Cicerna 27 38°27'34" N 15°5525"E
GRA Granatara 12 38°29'14" N 15°57'04" E
NIC Nicotera 7 38°32'03" N 15°5623"E
BOV Bovalino 11 38°14'15" N 16°15'59"E

Germany) operating at 24,000 rpm for 1 min. This solution
was then titrated with 0.1 N NaOH to pH 8.1, according to
Du et al. [3]. Titratable acidity (TA) was expressed as citric
acid percentage on a fresh weight (FW) basis.

Soluble solid content (SSC) was measured at 20 °C using
a digital Atago Model PR-101a refractometer (Atago Co.
Ltd, Milan, Italy). Results were reported as Brix grades
(°Bx). Dry matter content (DMC, %) was gravimetrically
determined by drying 10 g of homogenised fresh samples in
a PID System oven (Artiglass SRL, Padua, Italy) at 105 °C
until constant mass.

All determinations above described were made in trip-
licate for each of the three sample batches considered per
harvesting location.

Volatile analysis
Solid-phase microextraction

Isolation of volatiles by SPME was done according to the
method previously optimised by D’Agostino et al. [17]:
0.2 g of freeze-dried blackberries were weighed into a
5-mL glass vial sealed by means of a screw cap provided
with a predrilled Teflon-faced septum (Supelco, Bellefonte,
PA). Volatiles were sampled using an 85 um Carboxen™.-
Polydimethylsiloxane StableFlex (Supelco) fiber at an
extraction temperature of 66 °C, following an incubation
time of 20 min and an extraction time of 16 min.

Gas chromatography-mass spectrometry (GC-MS) analysis

GC-MS analyses (n=3) were performed on an Agilent 6890
(Palo Alto, CA, USA) gas chromatograph coupled to a Hewl-
ett-Packard 5973 quadrupole mass detector. The SPME fiber
was desorbed into the injection port at 250 °C in splitless
mode (3 min) using a SPME liner (78.5 mm length X 6.5 mm
external diameter X 0.75 mm internal diameter, Supelco).
Separation was achieved on a Supelcowax column (27.2 m
length X 0.25 mm internal diameter X 0.25 um film thickness,
Supelco), using helium as carrier gas (0.8 mL min~'). The
oven temperature was raised from 40 °C (3 min) to 220 °C
at 3 °C min~!. Mass spectra were recorded in electron
impact (EI) mode at 70 eV, scanning the 35-450 m/z range.
Interface and ionisation source temperatures were 280 and
230 °C, respectively.

Identification of volatile compounds was carried out by
comparison of their experimental mass spectral fragmenta-
tion patterns with those of standards in the Wiley mass spec-
tral library [30]. Linear retention indices (I7) experimentally
obtained and data from the literature were used for further
confirmation of identifications. Semiquantitative data for
every volatile were calculated as percentage of total volatile
composition determined.
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Antioxidant analysis
Extraction procedure

Samples of unfrozen blackberries (10 g-batch) were homog-
enised (1 min at 24,000 rpm) with 30 mL of a methanol/
water/hydrochloric acid (80:19.9:0.1, % v/v) solution using
an Ultra-Turrax T-25 homogeniser (IKA Labortechnik), and
further extracted at room temperature for 1 h in the dark
under continuous stirring. The residue obtained by vacuum-
filtration (Whatman no. 1 filter, Vetrotecnica SRL, Padua,
Italy) was re-extracted three times (until colourless) under
the same conditions to maximise the antioxidant recovery.
The filtrates were combined and evaporated to dryness using
an R-200 rotary evaporator (Biichi, Italy) operating at 40 °C.
Then, stock solutions were prepared for further antioxidant
analysis using 30% MeOH as solvent. The whole extraction
procedure was repeated for the three batches per sample pre-
viously described.

Total anthocyanin content (TAC)

Total monomeric anthocyanins were determined by the pH
differential method [31]. Briefly, this method is based on
the reversible structural change of the anthocyanin chromo-
phore at pH 1.0 (highly coloured) and at pH 4.5 (colour-
less). Blackberry stock solutions were diluted 1:5 with pH
1.0 (0.025 M potassium chloride) or pH 4.5 (0.4 M sodium
acetate) solutions. After equilibration at room temperature
for 15 min, the absorbance was measured (n=23) at 520 nm
(maximum absorbance of cyanidin 3-glucoside, Cyd-3-Glu)
and at 700 nm (for turbidity corrections) on an Agilent 8453
UV/Vis Spectrophotometer G1103A with 89090A Peltier
Temperature Control (Agilent Technologies, Turin, Italy).
Results were expressed as mg of Cyd-3-Glu equivalents g~!
dry weight (DW).

Total phenolic content (TPC)

TPC was determined by the Folin-Ciocalteu colorimetric
method, modified as in Tomaino et al. [32]. Briefly, 50 uL of
stock solution was shaken for 3 min with 450 pL of distilled
water and 500 pL of 2 M Folin—Ciocalteu reagent. Subse-
quently, 500 pL of a 10% (w/v) sodium carbonate solution
were added. Solutions were mixed and allowed to stand at
room temperature in the dark for 1 h. After centrifugation
(16467 g, 3 min), the absorbance at 786 nm was measured
(n=3) by using an Agilent 8453 UV/Vis Spectrophotom-
eter G1103A with 89090A Peltier Temperature Control. The
same procedure was repeated with hydro-organic solutions
of gallic acid in the 1.25-20 ug mL™~! concentration range to
build up the corresponding calibration curve. Results were
expressed as mg of gallic acid equivalents (GAE) g~! DW.
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Antioxidant capacity (AC) by DPPH and ABTS assays

Two different in vitro assays were used to evaluate the anti-
oxidant capacity (AC) of the samples under study. Deter-
mination of the free radical scavenging capacity against
DPPH was done as described in a study on Rubus idaeus
L. [33], with slight modifications. In brief, 37.5 pL of stock
solutions diluted in 30% MeOH were added to 1.5 mL of
DPPH solution (0.025 g L™! in methanol). The mixtures
were shaken vigorously and left stand at room tempera-
ture in the dark for 20 min. The decrease in the absorbance
after 20 min was determined (n=3) at 515 nm using an
Agilent 8453 UV/Vis Spectrophotometer G1103A provided
with 89090A Peltier Temperature Control. Results were
expressed as mg of DW required to scavenge 50 umol of
initial DPPH concentration in the reaction mixture (SEs).
The ABTS (2,20-azinobis-3-ethylbenzothiazoline-6-sul-
fonate) radical assay was carried out as proposed by Re et al.
[34]. An Agilent 8453 UV/Vis Spectrophotometer G1103A
provided with 89090A Peltier Temperature Control was
used. Briefly, a solution of ABTS radical was diluted (1:80)
with ethanol to give an absorbance of 0.70 at k=734 nm.
An aliquot of extract was added to ABTS solution. Trolox
was used as a standard antioxidant, and fruit activity was
expressed in pmol of Trolox equivalents g~! DW.

Statistical analysis

Data were subjected to one-way analysis of variance (Dun-
can test) using the SPSS software v. 17.0.0 for Windows
(SPSS Inc, 2006). The significance of differences was
defined as P <0.05. Multiple regression analysis of antioxi-
dant data was carried out using the Statistica software v. 7.1
(Statsoft, 2005).

Results and discussion
Physicochemical characterisation

In general, a great homogeneity was found for physicochem-
ical data in all the wild samples under study, irrespective
of their harvest location (Table 2). For the colour assay, no
significant differences between wild and cultivated samples
were determined. Similar average Hunter CIE-Lab param-
eters have also been reported for the nine genotypes of ripe
wild blackberries (Rubus L.) from Samsun (Turkey) ana-
lysed by Tosun et al. [35]. Moreover, and in agreement with
data published by Patras et al. [36], data here reported for
Hunter a* value matched well with values determined for
unprocessed blackberry purées and were noticeably higher
than those described for samples subjected to either thermal
or high pressure processing. Therefore, and although further
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Table 2 Physicochemical data (mean + standard deviation, n=3) of Calabrian R. ulmifolius Schott blackberries

Samples DMC (%) pH TA (% citric acid) SSC (°Bx) Colour

CcoS 21.43+2.58" 4.08+0.47° 0.47 +0.05° 13.77 +1.90 27.61+1.35% 0.96+0.42° —1.27+0.24°
FIL 21.85+0.80° 4.64+0.29% 0.30+0.05* 15.03+0.51% 32.71+£5.44° 0.99 +0.86 —0.78+0.47%
ROS 20.24 +0.62° 5.12+0.67* 0.23+0.04* 13.57+1.10° 30.92+6.44*  0.59+0.14° —1.11+0.35°
CIC 22.14+2.70° 4.24+0.68° 0.26 +0.04* 19.60 +4.69* 27.33+0.92% 1.07 +0.80° —0.71+0.44%
GRA 16.34+0.76° 3.92 +0.59% 0.74 +0.08° 11.43+2.47° 29.74+4.61* 2.55+1.04* 1.78 +£3.32°
NIC 21.26+0.95" 4.61+0.12%° 0.33+0.07* 12.93 +1.69° 30.13+3.29* 5.34+5.66* 0.37+1.16®
BOV 15.31+0.72° 3.30+0.04° 1.00+£0.19¢ 14.97 +3.76% 32.86+5.69° 3.93+2.68* 0.41+0.44%

*Entries for each physicochemical parameter followed by the same letter showed no statistically significant differences for their mean value at

the 95% confidence level

studies (e.g. analysis of carbohydrate composition) would
be required to confirm this hypothesis, colour results listed
in Table 2 seem to point at a similar ripening stage for all
blackberries analysed in this study.

Regarding DMC, no significant differences at the 95%
confidence level were found among wild blackberries (COS,
FIL, ROS, CIC, NIC); wild sample GRA and cultivated sam-
ple BOV showed similar and lower results (Table 2). DMC
of most of Calabrian R. ulmifolius Schott blackberries here
analysed was in the range previously reported for ‘Marion’
and ‘Evergreen’ blackberries (18-24%) [24] and for other
Rubus blackberries such as R. glaucus Benth. (‘Andean
blackberry’) and R. adenotrichus (16.5-18.5%) [19].

pH assay was in the range 3.3-5.1; the lowest value was
determined for samples GRA and BOV (pH=3.9 and 3.3,
respectively) and the highest (pH=>5.1) for sample ROS
(Table 2). These results are in good agreement with those
previously described for ‘Marion’ (pH=3.13-3.16) and
‘Evergreen’ (pH =4.28-4.40) blackberries [24, 37, 38].
However, data experimentally determined in this study are
slightly higher than those reported for different blackberry
cultivars grown in Slovenia and sampled at optimal ripen-
ing stage (pH=2.84-3.11) [39] and those of R. adenotri-
chus blackberries from Costa Rica (pH=2.83) and ‘Andean
blackberries’ from Ecuador (pH=2.98) [19].

Titratable acidity was significantly higher for samples
GRA and BOV (TA >0.74% citric acid), as compared to
the remaining wild blackberries under study. A wide vari-
ability in TA has been described to be associated with the
blackberry genotype/cultivar considered (data in the range
0.7-3% citric acid) [3, 40], the ripeness stage [37, 39] and
the processing and storage conditions [24, 40], among other
factors.

Except for wild samples FIL and CIC and cultivated BOV
sample, total soluble solids measured for Calabrian black-
berries were in the range (9-14 °Bx) generally described for
different Rubus blackberry species and genotypes [3, 13,
19, 20, 41, 42]. Higher levels of SSC, similar to those of

FIL, CIC and BOV samples, have also been described for
‘Marion’ and ‘Evergreen’ blackberries from USA [24, 37].

Volatile analysis

Although the analysis of the volatile composition of different
Rubus blackberries, specially Rubus laciniata L. and Rubus
glaucus Benth. [1-5, 15, 43], has been the aim of a number
of studies, little attention has been paid to the evaluation
of the aroma of Rubus ulmifolius Schott blackberries as a
valuable approach for its objective characterisation. Thus,
only a single paper by D’Agostino et al. [17] has been pre-
viously reported on optimisation of a SPME followed by
GC-MS method for its application to the characterisation of
the volatile composition of R. ulmifolius Schott blackberries
collected in 2012 in different locations of Calabria and, for
comparison, in different regions all over Spain.

Table 3 lists the 71 volatiles of different functionality
determined in the seven wild/cultivated Calabrian black-
berries analysed, together with their retention data (I7) and
percent concentrations. As an example of the different chro-
matographic profiles obtained for each of the samples under
study, Fig. 1 shows the total ion current (TIC) chromato-
grams of samples GRA (wild) and BOV (cultivated).

Although a wide variability in the qualitative and quan-
titative composition was observed regarding the collection
place of wild blackberries, compounds with the highest
concentrations were common to both wild and cultivated
blackberries: ethanol (11.8-32.4%), methylbutanal (sum of
isomers) (5.7-17.4%), ethyl acetate (4.6—-11.9%), 2,3-butan-
edione (3.5-6.7%), trans-2-hexenal (2.7-21.3%), 1-hexanol
(1.7-16.3%), 1-octanol (2.1-11.6%), and methyl butanoic
acid (1.0-6.7%). Except for some volatiles (e.g. 1-butanol
in FIL and BOV samples; 2-heptanol in ROS, etc.), the
remaining compounds were present in concentrations lower
than 3%. Esters, aliphatic alcohols and terpenoids were the
predominant classes, followed by aldehydes, aromatic alco-
hols, ketones and furan derivatives. Regarding the harvest
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Table 3 Volatile compounds (mean and standard deviation in brackets, n=3) determined in Calabrian R. ulmifolius Schott blackberries

Peak No Compound r Relative data (%)
CoSs FIL ROS CIC GRA NIC BOV
1 Ethyl acetate - 5.65(1.5%  4990.5) 4.6°7.6) 67°06.6) 66°(1.9  11.9°(2.8) 5.8(0.2)
2 Methylbutanal (sum of iso- - 9.0°(1.3)  7.1°(1.3) 16.6°(1.0) 6.5¢(4.1) 72°(9.9) 17.4°(12) 5.74(9.0)
mers)
3 Ethanol - 31.0°(5.2)  25.2%(9.3) 11.8°(12.2) 21.7°9(6.9) 26.3°(8.3) 20.54(3.4) 32.4%(0.0)
4 2,3-Butanedione - 64" 0.7) 62'0.2) 3.6°(5.6) 67°(1.8) 4.1926) 3537 54°(3.2)
5 Hexanal 1111 1.8°34) 1.2°8.3) 3.0°23) 15943 1525 26259 1.3%10.8)
6 2-Methyl-2-butenal 1118 0.1°(7.8)  0.19@2.7) 0.1°(1.1) 02*(5.6) 0.1°4.5  0.1°6.6) 0.17(17.8)
7 3-Penten-2-one 1141 0.892.6)  1.0(22.0) 3.0°(0.6) 2.1°(144) 12°(9.5) 1.2°(2.6) 1.3°(0.4)
8 1-Butanol 1158 1.3900.9) 4822 12¢@21) 13922 265(1.1)  099(28.6) 3.4°(18.4)
9 2-Heptanone 1188 2.5%(1.3)  1.5°(11.6) 0.9°27) 1.68°9.6) 074(1.5) 0.6°(17.6) 0.1°(20.0)
10 Methyl hexanoate 1194 029(3.1)  09°(11.4) 02¢@2.7) 15469 029(12.1) 0.5°(184) 0.2%(16.4)
11 Limonene 1197 b trb 0.1°(0.9) 0.1°@33.3) u® trb 1.28(31.2)
12 1,8-Cineole 1203 t trb 0.1°(72) b 0.1°0.5  o° 0.7* (36.7)
13 3-Methyl-1-butanol 1213 0.6°(3.3)  0.9°(1.7) 03°(7.8) 0.6°44) 0.6°@42)  09*°(3.6) 0.2°(52.6)
14 trans-2-Hexenal 1219 7.1°(42)  3.0°(0.7) 213*(3.6) 63°(9.9) 539(18.4) 13.3°(0.8) 2.7°(26.0)
15 Ethyl hexanoate 1238 02°(5.8) 0.3%(12.5) ¢ 0.3*(13.5) 0.1%@4.1) 0.1°(22.6) o
16 1-Pentanol 1255 02°(2.7)  05°(0.3) 04°(13.6) 02°(39.7) 0.4°(32) 04°(13.6) 0.6(9.3)
17 p-Cymene 1268 tr° trb 0.1°09.7)y 0.1°(13.6) t® 0.1°(19.6) 0.7* (19.6)
18 3-Hydroxy-2-butanone 1289 1.6°(11.1) 0.79(1.4) 08“@3.2) 20*(9.7) 1.0°20) 1318 1.0°(7.9)
19 2-Methylbutyl 3-methylbu- 1298 02%(1.0)  0.1°(152) 0.19@3.1) 01°(4.0) 01°1.00 019(153) u®
tanoate
20 4-Methyl-1-pentanol 1318 0.2°(0.5)  0.2°(23.8) 0.9*(15.1) -¢ 04°(3.1)  0.2°(2.3)  0.2¢(12.6)
21 2-Heptanol 1325 15447 1862 42°G.1) 15407 23°013)  13%@42) 1.0°8.6)
22 6-Methyl-5-hepten-2-one 1339 0.1°%(16.5) 0.1°(8.0) 02°(1.4) 0.1 (26.5) 0.1*¢(19.3) 0.2 (2.6) 0.3*(8.7)
23 1-Hexanol 1357 7.8°(0.8)  16.3%(6.3) 1.79(2.5) 8.1°(9.6) 9.6°(0.8) 26%(7.1) 2.74(5.0)
24 trans-3-Hexen-1-ol 1368 0.3*(0.3)  0.1°(20.6) 02°(84) 0.1°(6.9) 03*(0.9)  0.3*(14.1) 0.1°(21.4)
25 Methyl octanoate 1391 u* 0.1°(18.0) 0.2°(7.0) 02°(17.4) 0.1°(41)  0.3%(20.6) 0.1°(16.7)
26 Nonanal 1393 2.0°(0.5)  1.4™(8.9) 2.0°(9.8) 20°241) 27°(.7)  12°(3.6) 2.2%(20.9)
27 2-Hexen-1-ol 1411 0.3(2.0) 0.3°(23.9) 0.7°(0.5) 02949 07°09.7) 09°(28) 0.2¢(6.8)
28 Hexyl butanoate 1417 0.140.7)  0.2°(11.4) 0.14(12.6) 0.1°@4.5 06*°(1.9) t° 0.2° (6.6)
29 Ethyl octanoate 1437 0.192.0) 0.19(17.0) 02°(5.7) 02°(6.4) 02*(3.1) 03%(14.6) 0.19(13.0)
30 a-Cubebene 1449 0.1°(0.9)  0.1°(19.5) u 02%(6.7)  02°(8.3)  0.2°(15.3) 0.1*(15.0)
31 Non-identified 1456 0.4°(102) 07945 28°3.7) 1.6°10.6) 12°(1.5)  0.5%12.2) 0.37(1.4)
(43 (100), 45 (28), 58 (22), 84
(18), 69 (13)):s
32 1-Heptanol 1460 0.4°(0.0)  0.6°(9.6) 02°(1.2) 0545 0.6°(3.7)  02°(3.6) 0.2¢(0.8)
33 2-Furancarboxaldehyde 1467 0.6°(2.3) 0.17(1.7)  3.5°(6.0) 1.39(8.8)  2.0°(10.4) 0.3°7(4.8) 14.8*(0.0)
34 a-Ylangene 1470 e —d 0.1°(74) 0125  0.1*(17.9) u°
35 5,5-Dimethyl-2-cyclopenten- 1474 0.14(4.3)  0.1°(10.7) 0.6*(0.6) 02°(2.9) 02°(6.1) t® 0.19(14.7)
1-one
36 a-Copaene 1478 039(7.3) 024144 024114 0.6°49) 05*0.1) 0.7°(17.0) 0.4°(20.8)
37 Methyl 3-hydroxybutanoate 1484 -© trP =€ - - =€ 0.2 (4.6)
38 2,4-Heptadienal 1491 0.1°(11.4) 0.1°(9.9) 02*°(49) 0.1°(4.0) 0.1°(72) 01954 01°@27)
39 Decanal 1497 02°(2.8)  0.1°(154) 0.4%(10.9) 03*(274) 02°@44) 04*©04) -4
40 Camphor 1498 t° tr® tr® tr® tr® tr® 1.1 (5.4)
41 3-Ethyl-4-methylpentanol 1512 0.14(11.4) 0.19@2.7)  0.1°(8.6) 0.1°(10.1) 0.1°(6.4)  0.3%(7.9) 0.19(6.1)
42 Benzaldehyde 1517 03®@8.6) 029(1.3) 03°(4.9) 02°(11.6) 0.3 (14.2) 029(3.6) 0.3*¢(10.6)
43 Ethyl 3-hydroxybutanoate 1520 trd 0.1°(7.9) u? tre tre ¢ 0.7* (0.3)
44 Epizonarene 1536 0.1°(9.4)  0.1°(11.8) t* 03*(4.3)  03°(1.8)  0.3*(142) 0.1'(13.9)
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Table 3 (continued)
Peak No Compound r Relative data (%)
CoSs FIL ROS CIC GRA NIC BOV
45 Linalool 1554 0.3*(23.7) 0.2°(5.9) 0.4°(17.3) 02°(28.1) 0.2*(21.1) 0.3°(6.8) 0.3(2.3)
46 1-Octanol 1562 6.7°(8.0) 8.8°(4.6) 2.1°(9.4) 11.6°(1.9) 92°42) 3.1942) 2.7%(0.6)
47 5-Methylfurfural 1572 ¢ trc 0.1°(9.9) 0.1°@3L7) 0.1°6.7) t° 0.4%(0.3)
48 Methyl decanoate 1596 0.1°(13.8) t* 0.1*(10.1) 0.1°(9.4) 0.1°®6.8) 0.1*(5.5) 0.1°(5.1)
49 Hexyl hexanoate 1611 029(124) 02°3.7) 0.1°(23.9) 02°(9.3) 05°0.7) t' 0.3°(1.6)
50 Dihydro-2(3H)-furanone 1617 05°29) 05729 0834 1.1°109) 09°2.6) 037(14.6) 2044
51 Phenylacetaldehyde 1638 0.5 (11.6) 02°(3.8) 0.9°(8.7) 04%(21.7) 03%(12.8) 0.6°(9.9) 04 4.3)
52 Ethyl decanoate 1640 0.3*(14.7) 0.19(5.2) 0.1°(18.4) 02°(112) 02°@©0.6) 02°(1.9) 0.1°(0.2)
53 1-Nonanol 1664 0.5 (9.1) 0.7°Q2.7) 0.6°(11.9) 05127 0.9*(2.6) 0.3°(3.7) 04> (38.0)
54 1-Methoxy-4-(2-propenyl)- 1665 b 0.6*(18.5) t° tr® tr® trP tr®
benzene
55 2-Furanmethanol 1667 0.14(6.3) u! 02" (16.6) 0.1°(14.7) 02°@8.1)  0.1494.6) 0.9*(.5)
56 a-Terpineol 1693 0.14(5.6) 0.19@3.6) 01°3.7) 0.1°(94)  0.1°(0.7) 0.2*(10.0)
57 Methyl butanoic acid 1710 4.2°(1.4)  4.4°45) 4.1°(1.8) 4840 2822 67°20) 1.0°(0.6)
58 Cadinene 1746 ¢ trde tr 0.1°(16.7) t® trb 0.1 (1.1)
59 1-Decanol 1767 0.3%(11.4) 0.5°@2.1) 04%(19.6) 0.8*(13.8) 0.6°(3.0) 0.3°(0.9) 0.4%(3.9)
60 Myrtenol 1788 t° 0.1** (32.1) 0.1"*(22) u® tr 0.1° (54.5) 0.2%(12.5)
61 Methyl dodecanoate 1804 0.2°(24.9) 0.1°(3.6) 0.1°(153) 0.1’(17.0) 0.1°(2.9)  0.1°(10.0) 0.3*(12.1)
62 1-Methoxy-4-(1-propenyl)- 1822 u° 03*(7.3) u° tr¢ 0.1° =< tr¢
benzene
63 Ethyl dodecanoate 1845 0.2*(17.9) 0.1°(0.1) ¢ 0.1°¢(28.7) 0.1°(5.6)  tr™ -
64 p-Cymen-8-ol 1849 -° b b b b b 0.6° (18.8)
65 Benzyl alcohol 1874 1.6*(14.9) 1.04(2.0) 1.8*°(12.8) 0.9%(11.0) 1.3*(3.1) 1.0cd (6.5) 0.5°(0.6)
66 2-Phenylethanol 1906 0.4%(17.9) 0.5°(2.5) 0.8°(15.7) 0.9®(12.0) 1.0°Q2.7) 08 (7.4) 0.3%14.4)
67 2-Methyl-3-phenyl-1-propanol 1988 0.1 (17.3) 0.1°(2.8) tr 0.1°(3.6) trd
68 4-Ethyl-2-methoxyphenol 2026 -¢ 0.1°29) - tre 0.1*(13.9) u° -
69 Non-identified 2038 0.2°(0.6) 0.19(2.2) 04*(20.9) 02°(16.3) 0.3™(55) 0.19@8.1) 03®((54)
(112 (100), 55 (98), 142
(85), 84 (85), 56 (46), 117
70 Benzenepropanol 2040 0.2%(19.9) 0.1°(7.0) 0.1°(19.3) 0.1°(14.3) 0.1°(4.8) u° e
71 5-Hydroxymethylfurfural 2498 -° b 0.1°(92.8) 0.1°(120.5) &P b 0.22 (15.7)

*Entries for each compound followed by the same letter showed no statistically significant differences for their mean value at the 95% confidence

level;
**tr=trace (<0.01%);

*#*Mass spectrum: m/z and abundance (%) in brackets

location, FIL sample showed the richest volatile composition
followed by COS and NIC samples.

In agreement with data previously reported by D’Agostino
et al. [17] for R. ulmifolius Schott blackberries collected both
in Calabria (Italy) and in different provinces of Spain in
2012, Calabrian blackberries here studied and collected in
2011 were characterised by the presence of a number of
aliphatic esters including methyl and ethyl esters of C¢-C,
acids, hexyl butanoate and hexanoate, etc. (Table 3). The
harvest year was also shown to exert an effect on volatile per-
cent concentrations. Ethyl acetate, one of the most abundant
compounds in this study, was only present in concentrations

up to 3.93% in some of Calabrian blackberries collected in
2012 [17]. However, relative concentrations of other vola-
tiles such as hexyl butanoate (peak 28) and 3-hydroxy esters
(peaks 37 and 43) were shown to be higher in samples col-
lected in Granatara and Bovalino, respectively, irrespective
of the harvest year. Aromatic esters, reported as major com-
ponents of other Rubus species [5, 15] were not detected in
Calabrian blackberries here analysed.

Aliphatic alcohols have been described as one of the pre-
dominant classes in different Rubus blackberries [1, 3, 43,
44]. In agreement with data for 2012 blackberries reported
by D’Agostino et al. [17], and irrespective of the harvest
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Fig.1 Volatile profil i
ig. 1 Volatile profiles obtained .y o 9o 500

by SPME GC-MS for Calabrian 3
blackberries GRA (wild) and
BOV (cultivated). For peak
identification, see Table 3 1450000
950000
450000
0

TIC 1950000

1450000

950000

450000

location and sample type (wild/cultivated), high levels
of ethanol were determined in all Calabrian R. ulmifolius
Schott blackberries here studied. The inspection of the sam-
ples prior to analysis regarding the quality and homogeneity
of their ripening stage, together with the appropriate pres-
ervation process followed, ruled out the spoilage or bacte-
rial growth as the origin of this compound. Moreover, the
presence of ethanol as a natural component of the aroma of
a number of food matrices, including red fruits, has been
previously described [17, 45].

As for the harvest year, 4-methyl-1-pentanol (peak 20)
was consistently higher in ROS samples, as compared to
other Calabrian locations. A wide variability was also deter-
mined in the 2-heptanol (peak 21) content of Calabrian
blackberries, with ROS sample showing the highest con-
centration (4.2%), and NIC and BOV samples, the lowest
(~1.0%). In a study by Qian and Wang [44] on cultivated
blackberries, concentration of this alcohol was shown to
change differently with the cultivar considered; ‘Thorn-
less Evergreen’ showed a significantly higher concentration

@ Springer
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over ‘Marion’ blackberries. High levels of 2-heptanol and
of 1-terpinen-4-ol have also been reported to be distinctive
of R. glaucus Benth. samples analysed by SPME [5, 15].
As previously stated in introduction, blackberry aroma
depends on a number of factors (e.g. harvesting location
and time, cultivar, etc.) and it is the result of a wide vari-
ety of volatiles present in different concentrations, each of
them providing a diversity of aromatic notes (esters: floral,
fruity and sweet; alcohols: floral, fruity and green, etc.) [44].
Although the low number of Calabrian samples available for
this study make not possible to draw any definitive conclu-
sion, the absence or the presence of a few volatiles seemed
to be characteristic of the samples here analysed. As for wild
samples, 1-hexanol, 1-methoxy-4-(2-propenyl)-benzene
and 1-methoxy-4-(1-propenyl)-benzene were typical of FIL
samples. In addition to 4-methyl-1-pentanol, methylbuta-
nal, 3-penten-2-one, trans-2-hexenal, and 2-heptanol were
detected at higher relative concentrations in ROS sample.
Concentrations of methylbutanal as high as 17.4% and simi-
lar to those of ROS blackberries were also detected in NIC
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blackberries. Methyl 3-hydroxybutanoate (0.2%), camphor
(1.1%), and p-cymen-8-ol (0.6%) were only detected in BOV
sample, whereas decanal was only present in Calabrian wild
blackberries (0.1-0.4%). Other minor compounds present in
a significantly different concentration in BOV sample were
2-heptanone (0.1%), limonene (1.2%), 1,8-cineole (0.7%),
p-cymene (0.7%), and ethyl 3-hydroxybutanoate (0.7%). As
shown in Table 3, the level of furan derivatives was also
significantly higher in the cultivated sample over the wild
blackberries. The different pre-harvesting and post-harvest-
ing conditions might justify these differences.

Total anthocyanins, total phenolics and antioxidant
capacity

Table 4 lists the results obtained for total anthocyanins,
total phenolics and antioxidant capacity, as determined by
both DPPH and ABTS assays, of the wild and cultivated
Calabrian blackberries under study.

TAC of the cultivated sample (BOV) was significantly
lower (4.64 mg Cyd-3-Glu equivalents g~! DW) than those
of wild blackberries (6.08—12.47 mg Cyd-3-Glu equiva-
lents g~! DW or 1.56-2.76 mg Cyd-3-Glu g~! FW). As com-
pared to the literature, TAC of the cultivated BOV sample
(0.71 mg Cyd-3-Glu equivalents g~! FW) was found to be
within the range (0.67-2.11 mg Cyd-3-Glu equivalents g~!
FW) previously reported for different cultivars of Rubus sp.
berries [13, 41, 42, 46]. Regarding the harvest location of
wild samples, COS and CIC blackberries showed the highest
TAC level (> 12 mg Cyd-3-Glu equivalents g~' DW).

Similarly, total phenolic content of Calabrian wild black-
berries (26.33-44.61 mg GAE g~! DW or 5.33-9.06 mg
GAE g~! FW) was significantly higher than that of the cul-
tivated sample BOV (17.9 mg GAE g~! DW) and other culti-
vated blackberries collected in Italy (2.37-3.17 mg GAE g™!
FW) [46] and all over the world: 12.14-20.61 mg GAE g‘1
DW [13, 36, 41] or 1-1.3 mg g~! FW [39]. The high TPC
of wild samples COS and GRA was similar to that reported
for wild R. adenotrichus (42.5 mg GAE g~! DW) from Costa

Rica but lower than that of R. glaucus Benth. from Ecuador
(63 mg GAE g~! DW) [19]. In agreement with the results
above shown for Calabrian samples, Koca and Karadeniz
[21] reported a higher content of both total anthocyanins
(1.30-1.97 mg Cyd-3-Glu equivalents ! FW) and total
phenolics (2.64-3.79 mg GAE g~! FW) in wild blackber-
ries collected in Turkey, as compared to cultivated samples
(TAC: 0.95-1.58 mg Cyd-3-Glu equivalents g~' FW; TPC:
1.73-3.05 mg GAE g~! FW).

As regard as the radical scavenging activity of Calabrian
blackberries, all samples exhibited a significant antioxidant
capacity (DPPH assay), expressed as SEs, values (wild
samples: 0.36-0.68 mg FW; cultivated sample: 1.20 mg
FW). As compared with data reported in the literature for
pistachio (Pistacia vera L., variety Bronte) seeds and skins
(SE5,=14.99 and 0.019 mg FW, respectively) [32], and for
natural and blanched almond skins (SE5;=0.24 and 5.25 mg
DW, respectively) [47], blackberries are shown as a rich die-
tary source of antioxidants. Data reported in different studies
on antioxidant activity of red fruits cultivated in Potenza
(Southern Italy) [46], and in Thessaloniki (Northern Greece)
[13], would also confirm these results.

As TAC and TPC, wild blackberries showed a higher bio-
activity measured by the DPPH assay (SE5,=1.65-3.36 mg
DW) than the cultivated sample (SE5;,=7.84 mg DW), with
samples collected in Cosoleto and Cicerna showing the high-
est bioactivity. Similar conclusions were also drawn from
ABTS results, despite its different radical scavenging mecha-
nism (single electron transfer (SET) vs SET and hydrogen
atom transfer of DPPH) [48]. The highest antioxidant capac-
ity was found for wild samples (ranging between 10.03 and
24.77 pmol trolox g~! DW for FIL and COS, respectively),
whereas the cultivated blackberries accounted for 4.99 pmol
trolox g~! DW (Table 4).

In the literature, the antioxidant activity of blackber-
ries has been reported to be strongly correlated with total
phenolics [13, 25] or with total anthocyanins [13, 15, 21,
41]. In our study, when TAC and TPC were individually
considered, a high (r=— 0.7) inverse correlation of both

Table 4 Antioxidant

capacity (data are reported as Samples  TAC (mg Cy(j—l3-Glu TPC (mg GAE g~ DW)  DPPH SE5, (ng DW)  ABTS (Hlmol
mean + standard deviation, equivalents g~ DW) trolox g~ DW)
n=3) of Calabrian R. ulmifolius  cog 12.04+0.08%" 41.46+0.11° 1.65+0.04" 24.77£0.05"
Schott blackberries FIL 6.08+0.36° 26.3340.23¢ 3.3640.04° 10.03 £0.03¢
ROS 8.68+0.02° 28.00+0.149 2.19+0.01° 11.66+0.02°
CIC 12.47 +0.06* 34.24+0.01° 1.67+0.012 23.64+0.02°
GRA 10.76 +0.03% 44.61+0.39° 2.88+0.03 16.15+0.01°
NIC 7.33+0.06° 31.74+0.50° 2.21+0.01° 10.21+0.02¢
BOV 4.64+0.01° 17.90+0.07 7.84+0.02¢ 4.99+0.01°

*Entries for TAC/TPC/DPPH/ABTS followed by the same letter showed no statistically significant differ-
ences for their mean value at the 95% confidence level
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parameters with DPPH results was found. A non-signifi-
cant increase in the correlation (r=— 0.76, P <0.2) was
observed when considering both parameters together. TAC
and TPC values were significantly correlated (r=0.84) at
the 95% confidence level, and the positive correlation of
each of them with ABTS results was r=0.96 and r=0.77,
respectively. These results confirm the complementarity of
the methods here used for the evaluation of the bioactivity
of Calabrian blackberries.

Finally, although previous studies have reported the
influence of sample treatment (e.g. grinding) on total
anthocyanin, total phenolics and AC results [49, 50], the
fact that samples under study have been subjected to iden-
tical procedure make the results of Table 4 useful for the
comparison purposes here intended.

Conclusion

The results on physicochemical data, antioxidant activ-
ity and volatile composition described in this paper are
a contribution to the comprehensive characterisation of
Rubus ulmifolius Schott blackberries from Calabria, and
can also be very valuable for the establishment of stand-
ards of quality to revalorise and promote the commerciali-
sation of this product. Remarkably, the higher TAC, TPC
and AC of Calabrian wild blackberries with respect to the
cultivated fruits could be a claim for consumers demand-
ing the bioactive properties of blackberries. The higher dry
matter content of wild fruits reduces their perishability and
the higher pH and lower total acidity increase the accept-
ability for consumers.

Although no single volatile may be considered a quality
marker, it is generally accepted that cultivated foods (includ-
ing blackberries) resembling the sensorial properties of wild
samples are usually preferred by consumers. Therefore, the
comparison in this study of the multicomponent volatile pro-
file of both wild and cultivated blackberries, and its consist-
ency with harvesting year, represent a valuable approach for
the objective characterization of Calabrian blackberries here
intended. Moreover, the correlation of these chemical data
with results from sensory analysis would be very useful for
selecting the optimal location for collection of wild black-
berries as well as for breeding programs addressed to the
development of blackberry cultivars with improved aroma
and bioactivity.

Acknowledgements This work was conducted in the ambit of the
3-year PhD (XXVI cycle) of Maria Francesca D’Agostino with the title
of Doctor Europaeus in: Biology Applied to Agro-food and Forestry
Systems. Title of the PhD thesis: ‘Antioxidant activity and volatile
composition of Rubus ulmifolius Schott blackberries from Calabria
(Italy)’.

@ Springer

Funding This work is part of the I+ D +1 project PID2019-
106405 GB-100 financed by MCIN/AEI/10.13039/501100011033.
Authors also thank the Comunidad of Madrid and European funding
from FSE and FEDER programs (project S2018/BAA-4393, AVAN-
SECAL-II-CM) and Fundacién Ramén Areces (project CIVP17A2843)
for financial support. M.E.D. thanks the Universita degli Studi Mediter-
ranea di Reggio Calabria for her fellowship grant.

Declarations

Conflict of interest Authors declare no conflict of interest.

Compliance with ethics requirements This study does not contain any
studies with human partecipants or animals by any of the authors.

References

1. Klesk K, Qian M (2003) Preliminary aroma comparison of Marion
(Rubus spp. hyb) and Evergreen (R. laciniatus L.) blackberries by
dynamic headspace/OSME technique. J Food Sci 68:697-700

2. Klesk K, Qian M (2003) Aroma extract dilution analysis of cv.
Marion (Rubus spp. hyb) and cv. Evergreen (R. laciniatus L.)
blackberries. J Agric Food Chem 51:3436-3441

3. Du XF, Kurnianta A, McDaniel M, Finn CE, Qian MC (2010)
Flavour profiling of ‘Marion’ and thornless blackberries by instru-
mental and sensory analysis. Food Chem 121:1080-1088

4. Du X, Finn CE, Qian MC (2010) Volatile composition and odour-
activity value of thornless ‘Black Diamond’ and ‘Marion’ black-
berries. Food Chem 119:1127-1134

5. Meret M, Brat P, Mertz C, Lebrun M, Giinata Z (2011) Contri-
bution to aroma potential of Andean blackberry (Rubus glaucus
Benth.). Food Res Int 44:54-60

6. Deighton N, Brennan R, Finn C, Davis HV (2000) Antioxidant
properties of domesticated and wild Rubus species. J Sci Food
Agric 80:1307-1313

7. Seeram NP (2008) Berry fruits: Compositional elements, bio-
chemical activities, and the impact of their intake on human
health, performance, and disease. J Agric Food Chem 56:627-629

8. DaiJ, Gupte A, Gates L, Mumper RJ (2009) A comprehensive
study of anthocyanin-containing extracts from selected blackberry
cultivars: extraction methods, stability, anticancer properties and
mechanisms. Food Chem Toxicol 47:837-847

9. Hummer K (2010) Rubus pharmacology: antiquity to the present.
HortScience 45:1587-1591

10. Zia-Ul-Haq M, Riaz M, De Feo V, Jaafar HZE, Moga M (2014)
Rubus Fruticosus L.: constituents, biological activities and health
related uses. Molecules 19:10998-11029

11. Cetojevié-Simin DD, Ranitovi¢ AS, Cvetkovi¢ DD, Markov SL,
Vinc¢i¢ MN, Djilas SM (2017) Bioactivity of blackberry (Rubus
fruticosus L.) pomace: polyphenol content, radical scavenging,
antimicrobial and antitumor activity. APTEFF 48:63-76

12. Santhi VP, Sriramavaratharajan V, Murugan R (2021) Edible fruit
extracts and fruit juices as potential source of antiviral agents: a
review. J Food Meas Charact 15:5181-5190

13. Pantelidis GE, Vasilakakis M, Manganaris GA, Diamantidis G
(2007) Antioxidant capacity, phenol, anthocyanin and ascorbic
acid contents in raspberries, blackberries, red currants, gooseber-
ries and Cornelian cherries. Food Chem 102:777-783

14. Bowen-Forbes CS, Zhang Y, Nair MG (2010) Anthocyanin con-
tent, antioxidant, anti-inflammatory and anticancer properties of
blackberry and raspberry fruits. J Food Compos Anal 23:554-560



European Food Research and Technology (2022) 248:905-916

915

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Osorio C, Franco MS, Castaiilo MP, Gonzalez-Miret ML, Heredia
FJ, Morales AL (2007) Colour and flavour changes during osmotic
dehydration of fruits. Innov Food Sci Emerg Technol 8:353-359
Blanch GP, Flores G, Ruiz del Castillo ML (2011) Influence of
methyl jasmonate in conjunction with ethanol on the formation
of volatile compounds in berries belonging to the Rosaceae. Post-
harvest Biol Technol 62:168-178

D’Agostino MF, Sanz J, Sanz ML, Giuffré AM, Sicari V, Soria AC
(2015) Optimization of a solid-phase microextraction method for
the gas chromatography-mass spectrometry analysis of blackberry
(Rubus ulmifolius Schott) fruit volatiles. Food Chem 178:10-17
Padilla-Jimenez SM, Angoa-Perez MV, Mena-Violante HG,
Oyoque-Salcedo G, Renteria-Ortega M, Oregel-Zamudio E (2019)
Changes in the aroma of organic blackberries (Rubus fruticosus)
during ripeness. Anal Chem Lett 9:64-73

Mertz C, Cheynier V, Giinata Z, Brat P (2007) Analysis of phe-
nolic compounds in two blackberry species (Rubus glaucus and
Rubus adenotrichus) by high-performance liquid chromatography
with diode array detection and electrospray ion trap mass spec-
trometry. J Agric Food Chem 55:8616-8624

Vasco C, Ruales J, Kamal-Eldin A (2008) Total phenolic com-
pounds and antioxidant capacities of major fruits from Ecuador.
Food Chem 111:816-823

Koca I, Karadeniz B (2009) Antioxidant properties of blackberry
and blueberry fruits grown in the Black Sea Region of Turkey. Sci
Hortic 121:447-450

Lee J, Dossett M, Finn CE (2012) Rubus fruit phenolic research:
the good, the bad, and the confusing. Food Chem 130:785-796
Silva EM, Souza JNS, Rogez H, Rees JF, Larondelle Y (2007)
Antioxidant activities and polyphenolic contents of fifteen
selected plant species from the Amazonian region. Food Chem
101:1012-1018

Wu R, Frei B, Kennedy JA, Zhao Y (2010) Effects of refrigerated
storage and processing technologies on the bioactive compounds
and antioxidant capacities of ‘Marion’ and ‘Evergreen’ blackber-
ries. Food Sci Technol Leb 43:1253-1264

Wang SY, Lin HS (2000) Antioxidant activity in fruits and leaves
of blackberry, raspberry and strawberry varies with cultivar and
developmental stage. J Agric Food Chem 48:140-146
Fan-Chiang H-J, Wrolstad RE (2005) Anthocyanin pigment com-
position of blackberries. J Food Sci 70:198-202

Seeram NP, Momin RA, Nair MG, Bourquin LD (2001) Cycloox-
ygenase inhibitory and antioxidant cyanidin glycosides in cherries
and berries. Phytomedicine 8:362-369

Panizzi L, Caponi C, Catalano S, Cioni PL, Morelli I (2002) In
vitro antimicrobial activity of extracts and isolated constituents of
Rubus ulmifolius. ] Ethnopharmacol 79:165-168

Hammer K, Cifarelli S, Perrino P, Laghetti G (2004) Dynamics of
Rubus ulmifolius Schott var. anoplothyrsus Sudre and other culti-
vated blackberries in Italy. Genet Resour Crop Evol 51:237-239
McLafferty FW, Stauffe DB (1989) The Wiley/NBS registry of
mass spectral data. Wiley, New York

Wrolstad RE (1976) Color and pigment changes in golden deli-
cious and grimes golden delicious apples. Proc Am Soc Hortic
Sci 83:149-161

Tomaino A, Martorana M, Arcoraci T, Monteleone D, Giovinazzo
C, Saija A (2010) Antioxidant activity and phenolic profile of
pistachio (Pistacia vera L., variety Bronte) seeds and skins. Bio-
chimie 92:1115-1122

Brand-Williams W, Cuvelier ME, Berset C (1995) Use of a free
radical method to evaluate antioxidant activity. LWT Food Sci
Technol 28:25-30

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evan
C (1999) Antioxidant activity applying an improved ABTS radical
cation decolorization assay. Free Radic Biol Med 26:1231-1237

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Tosun I, Ustun NS, Tekguler B (2008) Physical and chemical
changes during ripening of blackberry fruits. Sci Agric 65:87-90
Patras A, Brunton NP, Da Pieve S, Butler F (2009) Impact of
high pressure processing on total antioxidant activity, phenolic,
ascorbic acid, anthocyanin content and colour of strawberry and
blackberry purées. Innov Food Sci Emerg Technol 10:308-313
Siriwoharn T, Wrolstad RE, Finn CE, Pereira CB (2004) Influ-
ence of cultivar, maturity, and sampling on blackberry (Rubus L.
hybrids) anthocyanins, polyphenolics, and antioxidant properties.
J Agric Food Chem 52:8021-8030

Reyes-Carmona J, Yousef GG, Martinez-Peniche RA, Lila MA
(2005) Antioxidant capacity of fruit extracts of blackberry (Rubus
sp.) produced in different climatic regions. J Food Sci 70:497-503
Mikulic-Petkovsek M, Koron D, Zorenc Z, Veberic R (2017) Do
optimally ripe blackberries contain the highest levels of metabo-
lites? Food Chem 215:41-49

Kim MJ, Perkins-Veazie P, Ma G, Fernandez G (2015) Shelf life
and changes in phenolic compounds of organically grown black-
berries during refrigerated storage. Postharvest Biol y Technol
110:257-263

Wang SY, Bowman L, Ding M (2008) Methyl jasmonate enhances
antioxidant activity and flavonoid content in blackberries (Rubus
sp.) and promotes antiproliferation of human cancer cells. Food
Chem 107:1261-1269

Ali L, Svensson B, Alsanius BW, Olsson ME (2011) Late season
harvest and storage of Rubus berries-Major antioxidant and sugar
levels. Sci Hortic 129:376-381

Georgilopoulos DN, Gallois AN (1987) Aroma compounds of
fresh blackberries (Rubus laciniata L.). Z Lebensm Unters For
184:374-380

Qian MC, Wang Y (2005) Seasonal variation of volatile compo-
sition and odor activity value of ‘Marion’ (Rubus spp. hyb) and
‘Thornless Evergreen’ (R. laciniatus L.) blackberries. J Food Sci
70:13-20

Vandendriessche T, Vermeir S, Mayayo Martinez C, Hendrickx
Y, Lammertyn J, Nicolai B, Hertog M (2013) Effect of ripening
and inter-cultivar differences on strawberry quality. LWT Food
Sci Technol 52:62-70

Benvenuti S, Pellati F, Melegari M, Bertelli D (2004) Polyphenols,
anthocyanins, ascorbic acid, and radical scavenging activity of
Rubus, Ribes, and Aronia. J Food Sci 69:164-169

Mandalari G, Tomaino A, Arcoraci T, Martorana M, Lo Turco V,
Cacciola F, Rich GT, Bisignano C, Saija A, Dugo P, Cross KL,
Parker ML, Waldrom KW, Wickham J (2013) Characterization of
polyphenols, lipids and dietary fibre from almond skins (Amygda-
lus communis L.). ] Food Compos Anal 23:166-174

Gulcin I (2020) Antioxidants and antioxidant methods: an updated
overview. Arch Toxicol 94:651-715

Islam MZ, An HG, Lee YT (2019) Comparative analyses on the
bioactive compounds and in vitro antioxidant capacity of tea infu-
sions prepared from selected medicinal fruits. Chem Biodivers
16:¢1900459

Islam MZ, Cho DK, Lee YT (2020) Bioactive compounds and
antioxidant capacity of tea infusion prepared from whole and
ground medicinal herb parts. CyTA J Food 18:116-121

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



916 European Food Research and Technology (2022) 248:905-916

Authors and Affiliations

Maria F. D’Agostino’ - Vincenzo Sicari' - Angelo M. Giuffré'® . Ana C. Soria?

! Dipartimento AGRARIA, Universita degli Studi 2 Instituto de Quimica Organica General (CSIC), Juan de la

Mediterranea di Reggio Calabria, Contrada Melissari, Cierva, 3, 28006 Madrid, Spain
89124 Reggio Calabria, Italy

@ Springer


http://orcid.org/0000-0002-4663-8056

	Blackberries (Rubus ulmifolius Schott) from Calabria (Italy): a comprehensive characterisation
	Abstract
	Graphical abstract

	Introduction
	Materials and methods
	Chemicals
	Samples
	Physicochemical characterization
	Volatile analysis
	Solid-phase microextraction
	Gas chromatography–mass spectrometry (GC–MS) analysis

	Antioxidant analysis
	Extraction procedure
	Total anthocyanin content (TAC)
	Total phenolic content (TPC)
	Antioxidant capacity (AC) by DPPH and ABTS assays

	Statistical analysis

	Results and discussion
	Physicochemical characterisation
	Volatile analysis
	Total anthocyanins, total phenolics and antioxidant capacity

	Conclusion
	Acknowledgements 
	References




