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Abstract.

BACKGROUND: Numerous epidemiological studies have shown that a diet rich in fruits and vegetables, such as berry
fruits, reduces the risk of many chronic diseases, such as cardiovascular diseases and cancer.

OBJECTIVE: The aim of this study was to evaluate the nutraceutical proprieties of wild and cultivated blackberry (Rubus
sp.) and wild elderberry (Sambuca nigra) fruits produced in some regions of Southern Italy, such as Basilicata and Campania.
METHODS: Liquid chromatography and HPLC-UV system were used for the identification and quantification of individual
health-promoting compounds.

RESULTS: A comparative analysis of nutraceutical compounds in berry fruits produced by different regions of South Italy
showed a high significant variability inter species (p < 0.05), independently on location area, with higher values for wild than
cultivated blackberries for the major part of compounds.

CONCLUSIONS: In this paper, differences in the health-promoting compounds of berry fruits belonging from different
areas of South Italy were reported.

Keywords: Blackberry, elderberry, nutraceutical compounds, red fruits, wild berry species

1. Introduction

Numerous epidemiological studies have shown that a diet rich in fruits and vegetables reduces the risk of
many chronic diseases, such as cardiovascular diseases and cancer [1]. These biological effects are in part due
to their antioxidant capacity. In particular, this parameter is strictly correlated to the presence of efficient oxygen
radical scavengers, such as phenolic compounds and vitamin C, which play an important role in controlling
oxidative reactions in the human body and exhibit anticarcinogenic activities [2, 3]. Among different fruits, berries
are particularly rich in phenolic compounds, such as flavonoids (anthocyanins, flavonols, cathechins), tannins
(proanthocyanidins, ellagitannins, gallotannins), stilbenoids (resveratrol, pterostilbene, piceatannol), phenolic
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acids (hydroxybenzoic and hydroxycinnamic acid derivates) and lignans [4-6]. In particular, the antioxidant
activity of blackberry fruits is highly correlated with ellagitannins and anthocyanin content [7-9]. Ellagitannins
and its derivative, ellagic acid, have recently been receiving much attention, because of their health benefits
[10, 11]. They contain one or more hexahydroxydiphenic acid moieties, esterified to a polyol, most often to
B-D-glucose. Above all, ellagic acid has been reported to have antiviral activity, provide protection against
cancers of the colon, lung, and esophagus and recently has been demonstrated that has different effect on
the innate immune mediator [12—14]. Also elderberry fruits have components with high biological activity,
primarily polyphenols, such as flavonols, phenolic acids, proanthocyanidins and anthocyanins, responsible of
the characteristic black-purple colour. The main anthocyanin compounds of S. nigra are cyanidin 3-glucoside
and cyanidin 3-sambubioside [15]. Recent studies suggested that cyanidin and its glycosides potentially inhibit
intestinal a-glucosidases, by reducing postprandial hyperglycemia and hyperinsulinemia [16]. Blackberries and
elderberries are also known for their content of flavonols, such as quercetin, kaempferol and myricetin, as
well as their derivatives (primarily glycosides) which may provide health benefits as dietary antioxidants [2].
Furthermore, these fruits are not only rich in phenolic substances, but also contain important micronutrients,
such as vitamins A, B9, C and E, calcium, magnesium, potassium, iron, zinc and selenium [6, 17]. Many of
these compounds have anti-cancer and anti-inflammatory effects, because they act as chemopreventive agents
targeting oxidation, UV radiation, with consequent damage to the DNA [17, 18]. Moreover, their high level of
fructose makes them valuable for individuals with diabetes and the high dietary fiber content is important because
fruit pectin acts as an intestinal regulator [5]. However, the chemical composition of blackberries is affected by
several factors, such as cultivar, growing conditions, ripeness stage. In particular, it has been reported that wild
grown species generally contain more phenolic than cultivated ones [19].

Blackberry (Rubus sp.) and elderberry (Sambucus nigra) fruits-are commonly present in Southern Italy [20].
Until today some studies reported the characterization of blackberries in Mediterranean area [21-23], but there
are only few data about blackberries in Basilicata, a region of South Italy [20]. Moreover, to our knowledge, in
Southern Italy the elderberries have been characterized only in Sicily [24].

Whereas the specific composition of berry fruits depends besides by the species, the variety, degree of ripeness,
as well as environmental and climatic conditions [15,25, 26], the aim of this study was to evaluate the nutraceutical
proprieties of wild and cultivated blackberry and wild elderberry fruits produced in some regions of Southern
Italy, such as Basilicata and Campania.

2. Material and methods
2.1. Chemicals and apparatus

The analytical standards cyanidin chloride, ellagic acid, myricetin, kampferol, quercetin and rutin hydrate were
purchased from Sigma-Aldrich (Milan, Italy), whereas anthocyanins mixture (6 monoglucosides, 5 pmol of each
compound) was purchased from Polyphenols Laboratoires (Sandnes, Norway). Spectrophotometric analyses was
performed with a Beckman Coulter DU 730 instrument (Milan, Italy). HPLC analyses were performed using a
Varian-Agilent (Milan, Italy) system, consisting in a ternary pump 9012 series and an UV-VIS detector 9050
series coupled to a STAR 4.5 software for data acquisition and elaboration.

2.2. Berry source and storage

Ripe fruits belonging to the genus Rubus and Sambucus grown wild were collected (500-900 g each) in
different areas of Basilicata and Campania regions (Southern Italy) as shown in Table 1. Elderberry fruits were
harvested with stalks from 22 to 31 July, while blackberry fruits were harvested from 21 August to 9 September.
Before harvesting, plant parts were collected during flowering in order to species identification, according to
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Table 1

Location where samples were grown

Sample Species Region Collecting area Latitude Longitude Elevation (m)
N E

S1 Sambucus nigra Campania Avellino 40°54° 14°47 348
S2 Sambucus nigra Campania Avellino 40°54° 14°47 348
S3 Sambucus nigra Basilicata Chiaromonte (PZ) 40°7° 16°12° 794
S4 Sambucus nigra Basilicata Brienza (PZ) 40°28’ 15°37 713
S5 Sambucus nigra Basilicata Potenza 40°38’ 15°48° 819
S6 Sambucus nigra Basilicata Potenza 40°38’ 15°48° 819
Ml Rubus fruticosus Basilicata Potenza 40°38’ 15°48’ 819
M2 Rubus fruticosus Basilicata Potenza 40°38’ 15°48° 819
M3 Rubus ulmifolius Campania Avellino 40°54° 14°47 348 m
M4 Rubus ulmifolius Basilicata Corleto Pra (PZ) 40°23’ 16°2° 749 m
M5 Rubus ulmifolius Basilicata Corleto Pra (PZ) 40°23° 16°2’° 749 m
M6 Rubus ulmifolius Basilicata Potenza 40°38’ 15°48’ 819 m
M7 Rubus ulmifolius Basilicata Potenza 40°38’ 15°48° 819 m
M8 Rubus ulmifolius Basilicata Potenza 40°38’ 15°48’ 819 m
M9 Rubus ulmifolius Basilicata Potenza 40°38’ 15°48’ 819 m
M10 Rubus ulmifolius Basilicata Potenza 40°38’ 15°48° 819 m
Mil11 Rubus ulmifolius Basilicata Potenza 40°38’ 15°48’ 819 m
Mi12 Rubus hirtos Basilicata Pietrapertosa 40°31° 16°3° 1088 m
M13 Rubus procerus Campania Avellino 40°54° 14°47 348 m
Ml14 Rubus procerus Campania Avellino 40°54° 14°47 348 m

[27]. Two cultivated blackberry samples (Rubus fruticosus) were also considered. Vitamin C was determined on
fresh fruits, whereas for all other analytical determinations fresh fruits were packed in plastic bags, frozen and
kept at —20°C until analysis. Immediately before analysis, the elderberry stalks were removed.

2.3. Vitamin C determination

Vitamin C was extracted with a phosphoric buffer and then HPLC determined according to the procedure
described by Galgano et al. [28].

2.4. Methanolic extraction and hydrolysis

Methanolic extraction was performed on 1g of homogenized defrosted berry with ultrasound procedure,
according to Caruso et al. [29]. This extract was used as such for some analyses, while for others it was previously
hydrolysed in acidic conditions as described by Caruso et al. [29].

2.5. Total polyphenols, anthocyanins and flavonols quantification

Total polyphenols were determined with Folin Ciocalteau’s reagent, according to the method of Singleton
and Rossi [30]. Gallic acid was employed as calibration standard and results were expressed as gallic acid
equivalents (GAE) per 100 g fresh weight. Total anthocyanins were determined on the methanolic extract by
the pH-differential method proposed by Lee [31], based on the colour change of these pigments at pH 1.0 and
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pH 4.5. Total anthocyanin content (TAC) was expressed as cyanidin-3-glucoside equivalents per 100 g of fresh
weight. Total flavonoids were determined on the methanolic extract at 510 nm according to Bunea et al. [32].
Results were expressed as quercetin equivalents (on the basis of a calibration curve) per 100 g fresh weight.

2.6. Determination of antioxidant activity

The methanolic phase antioxidant activity was determined by the ABTS ([2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid)] cation radical decolorization assay [33]. The method is based on
the consumption of preformed ABTS radical (ABTS ") in presence of potassium persulphate. The absorption
maximum of ABTS is at 734 nm. Addition of antioxidants to ABTS'T reduces it to ABTS. The decrease of the
adsorption due to the methanolic berry extract was measured after 6 min and the result expressed as percentage
of quenching. Moreover, FRAP (Ferric Reducing Antioxidant Power) method was applied, according to the
procedure described by Szollosi and Szo116si [34]. In the FRAP method the yellow Fe**-TPTZ (2,4,6-tripyridyl-
S-triazine) complex is reduced to the blue Fe?T-TPTZ complex by electron-donating substances under acidic
conditions. The absorbance of the methanolic solution of berry extract mixed with the FRAP reagent was read
at 590 nm after 5 min of incubation at 37°C. The final absorbance of each sample was compared with those
obtained from the standard curve made from gallic acid and the results were expressed in GAE per 100 g fresh
weight.

2.7. HPLC analysis of phenolic compounds

Anthocyanins and rutin were detected by injection of the methanolic berry extract. Anthocyanins quantification
was expressed as mg cyanidin chloride equivalent /100 mg f.w.

Free flavonols (quercetin, myricetin, kaempferol) and ellagic acid were determined on the methanolic extracts
submitted to acidic hydrolysis. The selected wavelenghts of the UV-VIS detector were 520 nm for anthocyanins,
360 nm for flavonoids and 260 nm for ellagic acid. A Gemini NX C18 A column, 250 x 4.6 mm (Phenomenex,
Bologna, Italy) was the stationary phase. The elution solvents and programs used were previously described
[29].

2.8. Statistical analysis

In order to study the effect of species on quality characteristics, data were processed by analysis of variance
(ANOVA), and the least significant difference (LSD) test was performed for comparison of means (p <0.05).
Correlation analysis (p < 0.05) regression analysis and cluster analysis were also applied to the data. All statistical
procedures were computed using the statistical package SYSTAT for Windows (ver. 10, 2003) (Systat Software,
Chicago, IL). Cluster analysis according Euclidean distances and Ward’s method was also used as unsupervised
technique to discover the similarity between samples; the initial assumption of this analysis is that the nearness
of the objects, defined by their variables, reflects the similarity of their properties [35].

3. Results and discussion
3.1. Chemical profile of berry fruits
The chemical composition of Sambucus nigra and Rubus spp. extracts were reported in Table 2 and Table 3,

respectively. The LSD test showed that the all chemical parameters differ statistically in the various samples
(P<0.001), with exception on vitamin C content, cyanidin 3-glucoside and FRAP in elderberry fruits.
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Table 2

Variability of the chemical characteristics in wild Sambucus nigra samples

Chemical parameters Samples of S.nigra F p
SI(C)  S2(C)  S3(B) S4(B) S5(B)  S6(B)

Quercetin mg/100 g f.w. 18.98° 1279  16.07¢ 74.66% 11.88° 2292 5900.03 e
Rutin mg/100 g f.w. 3400 14.44°  20.119 43.112 19.17¢  37.00° 321.21 ok
Vitamin C mg/100 g f.w. 3875%  29.21* 28,98 37.70% 23.98*  34.83 472 ns.
Cyanidin-3-Glucoside mg/100 g f.w. 209.48*  334.81* 179.76* 185.76 156.70°  189.31° 1.16  ns.
Cyanidin-3-Sambubioside mg/100 g f.w.  285.95°  392.86* 232.74° 246.804 353.27°  250.04¢  3091.35 ok
TAC mg Cy 3-Glu/100 g f.w. 284.28°  398.20* 198.00f 219.42¢ 318.22% 227939 1621.41 s
TPC mg gallic acid /100 g f.w. 573.87°  603.47° 353.44° 505.82° 701158 474439 20047  eex
Total Flavonoids mg quercetin /100 g f.w. 892.20°  995.25%  580.57° 569.08f 842.03° 756.049 12963.53
FRAP mg gallic acid /100 g f.w. 337.86°  286.94* 233.59* 188.83% 346.70°  287.72° 438  ns.
ABTS % quenching 4038 41.60°  26.36° 28.35¢ 42.52%  37.47° 59.88  wwx

Least Significant Difference (LSD): Averages in the same row with different letters are significantly different; (*p <0.05; **p<0.01;
*p<0.001). B=Basilicata; C =Campania.

Total phenol content (TPC) was present in greater amounts in the elderberries rather than blackberries, as
confirmed by Ochmian et al. [36]. In particular, in the elderberries TPC ranged from 474.43 to 701.15 mg gallic
acid /100 g f.w., with a variability based on the collection area; in fact, the sample S1 and the sample S2, collected
in the same region (Campania), didn’t show significant differences. However, in our study it was possible to
observe significant differences also between samples grown in the same area.

Akbult et al. [37] have reported a concentration of TPC in the range of 371-432 mg GAE/100 g fresh matter
in Turkish S. nigra. Lee and Finn [33] evaluated the concentration of TPC in two genotypes of European elder
(S. nigra) and in eight genotypes of American elder (Sambucus canadensis) throughout two growing seasons
and reported a TPC value ranging from 327 to 582 mg GAE/g fresh matter with higher levels in the cultivars
Adams 1 and Adams 2 (S. canadensis) and Korsgr (S. nigra) in both seasons, demonstrating that the TPC is
closely related to the genotype. In another study, Mandrone et al. [24] have reported substantial differences in
polyphenol concentration for S. nigra grown in four different Sicilian area, with a value ranging from 1811.13
to 2743.07 mg/100 g, and these differences were attributed to the different degree of fruit’s maturity.

In the blackberry fruits TPC was characterized by high variability inter and intraspecies ranging from 234.82
to 419.99 mg gallic acid /100 g f.w. In fact, the minimum value (234.82 mg gallic acid/100 g f.w.) but also the
maximum value (419.99 mg gallic acid/100 g f.w.) was found in Rubus ulmifolis. This could be attributed to
the different areas of blackberries’s samples collection. Rios de Souza et al. [6] have reported a mean value of
850.52 mg gallic acid equivalents (GAE)/100 g for Brazilian blackberries although, it must be emphasized, that
the TPC is closely related to the extraction technique used, as shown by Reategui et al. [38], and to the degree
of maturation. In this context, Rutz et al. [4] have reported that during ripening of blackberries it is possible
to observe an increase in the concentration of phenolic compounds, anthocyanins and antioxidant activity. In
particular, the increased amount of anthocyanins at the mature stage is due to the synthesis of these pigments
during ripening. In any case, a lower values were found in wild (M3 = M14) than cultivated (M1 and M2)
ones as shown in the Table 1. In contrast significantly lower values of total polyphenols were recorded for wild
blackberries [36].

The content of total anthocyanins (TAC) was from 198.00 to 398.20 mg cyanidin-3-glucoside/ 100 g f.w.
for elderberries and from 60.66 to 195.60 mg/100 g f.w. for blackberries. The high concentration of antho-
cyanins in elderberry is confirmed by other studies; for example Denev et al. [39] reported a value of 1.69 g/l in
elderberry and 0.45 g/l in blackberry. The elderberries’s pattern of anthocyanins was characterized by the presence
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of specific compounds namely cyanidin 3-sambubioside and cyanidin 3-glucoside. The other anthocyanins
are cyanidin-3-sambuboside-5-glucoside, cyanidin 3,5-diglucoside, cyanidin 3-rutinoside, pelargonidin-3-
glucoside, pelargonidin-3-sambubioside and delfinidine-3-rutinoside [15, 40]. As reported by Mikulic-Petkovsek
etal. [19], cyanidin-3-sambubioside and cyanidin-3-glucoside are the most abundant anthocyanins in S. nigra, and
this is in line with our results. In particular, elderberries showed values ranging from 232.74 to 392.86 mg/100 g
f.w. of cyanidin 3-sambubioside and from 156.70 to 334.81 mg/100 g of cyanidin 3-glucoside. Veberic et al.
[41] studied the profile of two elderberry cultivars (“Rubini” and “Haschberg”) grown in Austria by an HPLC
analysis by using a Gemini column Cig (150 x 4.6 mm 3pm, Phenomenex) and reported that the separation
of cyanidin-3-sambubioside by cyanidin-3-glucoside and cyanidin-3-sambubioside-5-glucososide by cyanidin-
3,5-diglucoside is not possible because the retention time of these anthocyanins is identical, as also affirmed
by Bermudez-Soto and Tomas-Barberan [40]. Due to the analytical conditions used in this work, a sepa-
ration of the couple cyanidin-3-sambubioside and cyanidin-3-glucoside has been obtained. Also Mandrone
et al. [24] evaluated the polyphenolic composition of elderberry species being endemic in Sicily by LC-
MS analysis and separated three peaks: Cyanidin-3-sambubioside-5 glucoside, cyanidin-3-sambubioside and
cyanidin-3-glucoside.

In blackberry the pattern of anthocyanins was characterized by the presence of 3-glucoside,
3-rutinoside, 3-xyloside, and 3-O-f-(6”-malonylglucoside) of cyanidin, and 5 cyanidin-3-O-§3-(6”-(3-hydroxy-3-
methylglutaroyl)-glucoside [8]. In our study, the chromatograms obtained from blackberries showed the presence
of four principal peaks and only one of these was identified and attributed to cyanidin-3-glucoside, with a value
ranging from 17.67 (value found for cultivated blackberry sample) to 36.06 mg/100 g f.w. (value referred to a
wild berry fruit sample) (Fig. 1). Different genotypes frequently had comparable overall levels of total antho-
cyanins and phenolic compounds, but were characterized by a high different composition in individual profiles
of compounds.

The total flavonoids were higher in elderberries than in blackberries, as confirmed in literature [36, 42]
and ranged from 569.08 to 995.25 mg quercetin/100 g f.w. and from 169.27 to 682.72 mg quercetin/100 g f.w.
respectively. In this latter case a lower concentration of total flavonoids was recorded for cultivated blackberry
fruits with respect to wild ones. In the present study the analysis of flavonoids has focused particularly on the
quantization of the glycoside rutin and aglycones quercetin, kaempferol and myricetin. The quercetin and the
rutin were present only in the samples of elderberries and with a high variability intraspecies and the values
of samples from different areas are not always significantly different. The values of rutin ranged from 14.44 to
43.11 mg/100 g, while the value of quercetin varied from 11.88 to 74.66 mg/100 g. Quercetin was not detected in
any of the blackberry samples analysed in our study; this is probably due to the presence of quercetin derivates
in blackberries, as also reported in literature [2]. On the other hand, kaempferol and myricetin were present
only in blackberries. Kaempferol was the predominant flavonoid and showed an high variability intraspecies and
interspecies. Both the sample with the lowest and the highest concentration belonged to the species R. ulmifolius
ranging from 19.57 to 444.86 mg/100 g f.w.- The myricetin had high variability among samples of different
species. The R. ulmifolius was characterized by the highest concentration ranging from 3.29 to 22.63 mg/100 g
f.w., while the lower concentration was observed in the only one sample of R. hirtos. Different results have
been reported by Jakobek and Seruga [42], who analyzing samples of R. fruticosus and S. nigra, found the
presence of both kaempferol and quercetin in samples of elderberry and quercetin, but not kaempferol, in
samples of blackberry fruits. In a study conducted in Georgia on cultivated blackberry fruits no quercetin
and kaempferol were found, while a low concentration of myricetin was reported (about 10mg/100g f.w.)
[43].

Also Jakobek et al. [44] analyzed the flavonoids in berries and particularly myricetin, kaempferol and quercetin.
In blackberry fruits the amount of kaempferol and quercetin detected was 2.13 and 55.42 mg/kg f.w respectively,
while myricetin was not present. This different result in blackberry flavonol composition could be due to similar
retention times of quercetin and myricetin. In the same work, in the elderberry fruits no amount of quercetin,
myricetin and kaempferol was found; it should emphasized that in our work a total quercetin obtained by the
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Fig. 1. Anthocyanins in blackberry methanolic extract.

hydrolysis of glycosides has been analysed, while the data reported by Jakobek et al. [44] were referred only to
quercetin in free form, without considering glycosylated quercetin.

The amounts of individual flavonols, such as kaempferol and myricetin, as well as ellagic acid were significant
different between wild blackberries and common commercial cultivars, showing higher mean values for wild
than commercial samples, as also reported by Milivojevic et al. [2].

The ellagic acid was present only in blackberry samples, ranging from 18.99 to 200.06 mg/100 g of product,
with an high variability intraspecies and interspecies. Also Jakobek and Seruga [40] reported the presence of
ellagic acid only in commercial blackberry and not in elderberry fruits, with a average value of 22.5 mg/kg
of fresh weight. In any case, the lower concentrations were observed for cultivated berry fruits, belonging to
R. fruticosus. Higher values of ellagic acid have been reported by Jakobek et al. [43], who compared the com-
position of different berries collected in Slavonia (Croatia), including S. nigra and R. fruticosus, and reported
the highest concentration of ellagic acid (121 mg/kg) in blackberries and its absence in elderberry fruits.

The vitamin C levels showed no significant differences in elderberries and the values ranged from
23.98 mg/100 g to 38.75 mg/100 g f.w. Similar values of ascorbic acid were found by Akbulut et al. [37] in wild
European elderberry fruits. Moreover, this nutrient compound did not differentiate all samples either in terms of
location area or intra species variability (p>0.05). In blackberries, the concentration varied from 11 mg/100 g
to a maximum of 20.73 mg/100 g of product, with a higher concentration in wild blackberries. Highest values
were found by Rios de Souza et al. [6] who reported a mean concentration of 52.41 mg/100 g of ascorbic acid
in Brazilian blackberries. On the other hand, Veberic et al. [41] found low mean values of vitamin C for several
cultivated blackberries of about 6.87 mg/100 g f.w.
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Antioxidant activity is generally due to bioactive photochemical compounds and is frequently associated
with total polyphenols or total flavonoid concentration. Moreover, the estimation of the antioxidant activity
may vary depending on the method used, so it is preferable to determine it by using at least two techniques.
In this study, the antioxidant properties of the extracts were analyzed by the ferric reducing antioxidant power
(FRAP) and 2-2’-azino-di-(3-ethylbenzthiazoline sulfonic acid) (ABTS) radical scavenging capacity assays. The
antioxidant activity in elderberry fruits ranged from 111.00 to 203.80 mM Eq gallic acid (FRAP) and from 26.36
to 42.52% quenching (ABTS). In blackberries the antioxidant activity ranged from 40.09 to 91.69 mM Eq gallic
acid (FRAP) and from 16.16 to 37.02 % quenching (ABTS). The different methods reported in the scientific
literature by different studies used did not allow a good comparison among the antioxidant activities. Anyway, in
our study the correlation between antioxidant activity and phenolic substances was better, though not very high,
between FRAP and total polyphenols (R%=0.78) and total flavonoids (R% =0.65), than between FRAP and total
anthocyanins (R? =0.58) as also showed by Denev et al. [39]. These latter researchers evaluated the antioxidant
activity of various berry fruits with different methods (TRAP, ORAC, HORAC and NO scavenging activity).
Instead, the correlation coefficient between the antioxidant activity determined by ABTS method and polyphenols,
anthocyanins and total flavonoids was lower. Conversely, the antioxidant activity evaluated with FRAP method
by Ozgen et al. [45] was positively correlated with the concentration of total polyphenols and anthocyanins
(R?=0.84 and 0.85, respectively). Our different finding was due to the fact that the berries composition is
characterized by a large amount of phenolic compounds, such as procyanidins, that act as antioxidants, besides
anthocyanins. Moreover, the antioxidant potential of different anthocianins is determined by their structural
characteristics [8].

According to Rios de Souza et al. [6] climate, soil composition and management of berries are the main
factors that may explain the difference in terms of bioactive compounds concentration. Moreover, significant
differences in phytochemical and physicochemical compositions of berry fruit can be also observed according
to the degree of maturation [46]. This has been demonstrated by Josiane et al. [4], which found higher values of
anthocyanins, TPC and antioxidant activity in blackberry fruits with highest degree of maturation. Furthermore,
it is also important to emphasize that the difference found in our results could be also explained by the various
extraction methods applied.

3.2. Cluster analysis

In order to verify if the beneficial properties of berry fruits on human health can be strictly related to the
species, a Cluster analysis was performed. The data were represented as a dendogram and showed the presence
of wine clusters (Fig. 2). According LSD ‘test, a high variability inter species occurred; however, the cluster
analysis showed that samples of the same species differ noticeably from other species. In fact, despite the high
variability of the chemical parameters resulted from LSD test, two main clusters can be discerned, one includes all
blackberry samples and the other all elderberry samples, allowing also a good discrimination within blackberry
cluster, as function of the species (Fig. 1). In fact, two samples of R. fruticosus constitute a subcluster to a linkage
distance of about 0.7, while samples of R. procerus form a subcluster with a linkage distance of 0.5. The only
sample of R. hirtos is included in the subcluster that encloses all samples of R. ulmifolius.

4. Conclusions

Mediterranean diet is made by several foods of plant origin, which are rich in nutraceuticals, able to exert
antimicrobial, antioxidant, neuroprotective and anti-cancer activities. Among phytonutrients, there are flavonols
(such as quercetin, a powerful antioxidant, present in apples, onions, in elderberry, capable to counteract the
production of Reactive Oxygen Species (ROS) generated by oxidative stress in the heart), isoflavones (found
in legumes, a protective effect against cardiovascular disease) anthocyanins. These latter moieties are powerful
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Fig. 2. Cluster Analysis of blackberry and elderberry samples (Euclidean distances, Ward’s method).

antioxidants with cardioprotective and neuroprotective effect and are present in red fruits and vegetables, such
as blackberries and elderberries.

An increasing consumption of these products in the diet can help in prevention of certain diseases. Data
contained in this study provide an insight into the nutraceutical substances in wild and cultivated blackberry
and wild elderberry fruits, which are natural resources of some regions of Southern Italy, such as Basilicata and
Campania, little valued and used in our diet.

The results showed a high variability in the health-promoting compounds, even within the same species,
independently on the specific area of the collection, with higher values for wild than cultivated blackberries
for the majority of the compounds analyzed. In any case, the blackberries, and even more the elderberries, are
considered an excellent source of several nutraceuticals.

The use of wild species in the breeding programs of small fruits can be used for choosing berry fruits with a
high content of health-promoting properties.
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