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Berry fruits contain high levels of different phytochemicals, most of which are phenolic molecules. Fruits of the same cultivar
from different locations and different harvest years have different chemical compositions, particularly related to polyphenols. The
difference may be due to specific climatic conditions, the type of soil in which the plants grow, and the stresses to which the plants
were subjected because these phytochemicals are produced as a defense mechanism through a secondary metabolic process. For this
reason, it is important to establish simple and reliable procedure to determine polyphenolic compounds in berry fruits considering
the increasing attention on these compounds for different potential uses. In order to choose and to improve the most adequate
analytical procedure for the determination of the polyphenolic substances in berry fruits, different methods were applied and

compared on samples of elderberry and blackberry.

1. Introduction

The importance of food consumption in relation to human
health has increased chemist, nutritionist, and consumer
attention in nutraceutical components present in foods.
Berry fruits are rich in nutrients and in phytochemicals
that can prevent various diseases and disorders. Most of
the health benefits due to berry fruits are related to various
polyphenols, which are compounds with antioxidant prop-
erty and antitumor potential. They can counteract oxidative
stress, exert beneficial effects on blood pressure, increase the
activity of antioxidant enzymes in the blood plasma, and are
also involved in glycaemia reduction and immune system
stimulation [1, 2]. Moreover, recently studies have demon-
strated that anthocyanins and proanthocyanidins present
in juice obtained from blackberry (Rubus fruticosus) have
antimicrobial activity against different foodborne pathogens,
whereas they significantly stimulate the growth of Lactobacil-
lus species. This finding opens the possibility of new probiotic

therapies to improve the gut health and an alternative to
antibiotic treatments [3, 4]. Accumulating evidences suggest
that genotype has a profound influence on concentrations of
bioactive compounds in berries [5, 6]. Within the same fruit
type, the growing season, variety, environmental and climatic
conditions, plant disease, soil type, geographic location, and
even maturity and postharvest handling procedures seem to
influence the concentration of phenolic compounds [7-9].
Considering the relevance of the berry fruits in the human
diet and their potential use as colouring agent, functional
ingredients, and dietary supplement [10, 11], it is very impor-
tant to have standardized methods to identify and quantify
their polyphenolic substances, taking into account the great
variability present between different species, cultivars, and
wild genotype. Polyphenols comprise a wide variety of
compounds, divided into several classes, like hydroxybenzoic
acids, hydroxycinnamic acids, anthocyanins, proanthocyani-
dins, flavonols, flavones, flavanols, flavanones, isoflavones,
stilbenes, and lignans [12,13]. The methods employed for total



polyphenols determination were generally based on Folin-
Ciocalteau’s phenol reagent and spectrophotometric determi-
nation [9, 14]. Simple spectrophotometric methods are also
available for total anthocyanin and total flavonoid determi-
nation. In particular, total anthocyanins were determined
using a pH differential method, based on their transformation
to red-coloured flavylium cation under acidic conditions
determination [9, 15], whereas the total flavonoid content
can be determined using a colorimetric method based on
the complexation of the phenolic compounds with AI(III)
[16]. However, it is of great interest to identify and quantify
individual phenolics in berry fruits. With this aim, a great
number of analytical procedures have been described in
literature. Most of them are based on high performance liquid
chromatography (HPLC). The chromatographic conditions
of the HPLC methods generally include a reversed-phase
C18 column, an UV-VIS detector, and a binary solvent
system containing acidified water (solvent A) and a polar
organic solvent (solvent B) [7, 17-22]. For accurate peak
identification, procedures based on LC-MS, HPLC-PDA, and
HPLC-ESIMS have also been reported [17, 20, 23]. In order
to facilitate the identification of phenolic compounds using
the UV-VIS detector, acidic hydrolysis may be carried out
before injection of the sample into the HPLC system. In this
way, they are determined as aglycones [7, 21, 22]. Also, it is
to consider that the steps of extraction and purification of the
polyphenols from complex matrices, such as foodstuffs, are of
great importance for the outcome of the HPLC analysis [12].

This paper has as its objective the evaluation and compar-
ison of different analytical methods for some polyphenolic
compounds determination, in order to optimize the results,
in terms of the purity of the sample extract and the recovery
of the considered substances. Moreover, in order to improve
the chromatographic separation of analytes, some modifica-
tions have been made with respect to methods available in
literature. The berry fruits considered in this study belonged
to Sambucus nigra and Rubus species.

2. Material and Methods

2.1. Plant Material. Approximately 1kg of fully ripe fruits
of wild grown elderberry and blackberry (3 samples of
each species) was picked in different areas of Basilicata
and Campania regions (Southern Italy), in the period from
the last week of July until the first week of September.
Additionally, one sample of commercial blackberry (Rubus
fruticosus) was considered. Elderberry fruits were harvested
with stalks. Before harvesting, plant parts were collected
during flowering, and species identification was performed
according to Pignatti [24]. Fresh fruits were packed in plastic
bags, frozen, and kept at —20°C until analysis.

2.2. Extraction of Phenolic Compounds. Two different proto-
cols were applied.

2.2.1. Methanolic Extraction. The extraction of phenolic
compounds was carried out with three subsequent extrac-
tions with 15mL of methanol/HCI 0.0IN (9:1) on 10g of
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homogenized fruits. Seeds and skin are not separated, where-
as elderberry stalks were removed. Each time, after acidified
methanol addition, the sample was vortexed for 2 min and
then centrifugated at 3500 g for 10 min at 10°C.

2.2.2. Methanolic Extraction with Ultrasound Treatment.
Phenolics were extracted according to the method previously
described by Veberic et al. [17] with slight modification.
Briefly, 1 g of homogenized berries was extracted with 20 mL
methanol containing 1% HCl in an ultrasonic bath for 30 min
at 25°C. After sonication, the solvent was recovered by
centrifugation at 3500 g for 10 min at 10°C.
The extracts were stored at —20°C prior to analysis.

2.3. Fractionation of Phenolics. Twenty milliliters of the
methanolic extract above described (see Section 2.2.1) was
subjected to a series of liquid-liquid extractions in order to
remove interfering substances and to fractionate the phenolic
components. Precisely, the extract was washed with n-hexane
and chloroform. Polyphenolics were then fractionated by
means of three subsequent extractions with 7 mL of ethyl
acetate in order to separate anthocyanins (residual fraction)
from other phenolic compounds (ethyl acetate soluble frac-
tion). Both fractions were analyzed for anthocyanins and
flavonols content by HPLC.

2.4. Hydrolysis of Flavonols. Flavonols were detected as agly-
cones after acidic hydrolysis, performed according to the
method applied by Ageel et al. [25] on Ginko biloba leaf
extract, but reducing the volume of the reaction mixture.
Precisely, 100 uL of methanolic extract were diluted with
200 uL of water and 50 uL of HCI 12 M (final concentration
of 1.7 M HCI) and vortexed for 2 min. Tubes were then placed
in a boiling water bath for 30 min and allowed to react. Once
the hydrolysis was completed, the sample was cooled under
running water and 150 uL of MeOH was added, in order to
obtain a final volume of 500 uL of the hydrolyzate.

2.5. Ellagic Acid Extraction and Hydrolysis. Two different
protocols were applied.

2.5.1. Simultaneous Methanolic Extraction and Hydrolysis.
A 5-g portion of homogenized fruit was weighed into a
rotavapor flask and 5mL of water containing 80mg of
ascorbic acid, 20 mL of methanol, and 5mL of concentrated
HCI was added. The mixture was refluxed for 5h at 90°C.

2.5.2. Hydrolysis of the Methanolic Extract with Ultrasound
Treatment. The methanolic extract described in Section 2.2.2
and hydrolyzed as reported in Section 2.4 was also used for
ellagic acid quantification.

2.6. HPLC Analysis. HPLC was performed with a Varian-
Agilent system, consisting in a ternary pump 9050 series
and an UV-Vis detector 9050 series coupled to a STAR 4.5
software for data acquisition and elaboration. A Gemini NX
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TaBLE 1: Content of anthocyanins in the traditional and ultrasonic extracts (results from 3 independent replicates).

Methanolic extract

Methanolic extract with ultrasound treatment

Sample Analyte Concentration RSD Concentration RSD
(mg100 g™ FW)* (%) (mg100 g™ FW)* (%)
SI (. nigra) Cy-3-glucoside 201.22 8.18 209.48 13.84
Cy-3-sambubioside 271.43 12.22 285.95 6.69

$2.(S. nigra) Cy-3-glucoside 188.21 5.34 179.76 7.94
Cy-3-sambubioside 220.46 11.22 232.74 12.08

$3 (. nigra) Cy-3-glucoside 179.13 8.45 156.70 715
Cy-3-sambubioside 339.14 4.41 353.27 6.39

Cy-3-glucoside 33.03 3.57 36.06 5.32

M1 (R. ulmifolius) Al n.d. - n.d. -
A2 44.68 6.88 49.94 4.40
A3 45.84 5.34 42.67 4.40
Cy-3-glucoside 16.98 8.22 18.82 6.00

M2 (R. ulmifolius) Al n.d. — n.d. —
A2 29.44 2.37 27.32 6.44

A3 29.88 7.87 32.52 6.12
Cy-3-glucoside 24.58 9.98 20.21 8.66

M3 (R. procerus) Al 22.84 7.84 26.96 7.04
A2 29.32 4.22 26.99 5.70
A3 25.49 6.77 33.31 6.04
Cy-3-glucoside 151.88 3.54 177.67 5.43
M4 (R. fruticosus) Al 21.84 9.22 23.07 2.90
A2 28.55 7.55 26.04 4.22
A3 31.18 6.49 29.96 3.44

RSD: relative standard deviation; *mean value; n.d.: not detected.

C18110 A column, 250 x 4.6 mm (Phenomenex), protected by
guard column, was the stationary phase.

Anthocyanins and flavonols were separated by gradient
elution with 10% (v/v) formic acid in water (solvent A) and
50:40:10 (v/v/v) acetonitrile : water : formic acid (solvent B),
according to the gradient program reported by Sdjka et
al. [26]. The injection volume was 20 L and the column
temperature was set at 40°C. Anthocyanins were detected at
520 nm, while flavonols were detected at 360 nm.

Ellagic acid was quantified separately, using 0.1% phos-
phoric acid (solvent A) and 100% methanol (solvent B),
according to the gradient program reported by Jakobek and
Seruga [19]. The injection volume was 20 yL and the column
temperature was 20°C, whereas detection length was 260 nm.

Prior to injection in HPLC system, samples were filtered
through a PTFE 0.45 um pore-size filter. Quantification was
performed based on external standards of known concen-
trations. Anthocyanins were expressed as cyanidin chloride
equivalents.

3. Results and Discussion

3.1. Anthocyanins and Flavonols Extraction and Quantifica-
tion. All the three elderberry samples were identified as
Sambucus nigra. As regards blackberry samples, two of them,

harvested in Basilicata region, belonged to Rubus ulmifolius
species whereas the third, harvested in Campania region,
belonged to Rubus procerus species. Two different methods
were used with the aim of extracting the phenolic substances,
one of which by using ultrasound assisted extraction, and the
results obtained were reported in Tables 1 and 2. Recently
ultrasound assisted extraction has gained particular attention
due to low cost equipment, simplicity, higher efficiency with
respect to extraction time and solvent consumption require-
ments, extraction yields, and improved quality of the extracts.
Ultrasound-induced cavitation process causes swelling of
plant cells and facilitates washing out of solute from disrupted
cell walls [22]. Methanol was used in both procedures as
solvent of extraction. Acetone or methanol solvents, pure or
combined with water or acids (acetic, formic, and hydrochlo-
ric), are the most common extracting system used in the phe-
nolic compound analyses, but methanol-based solvent has
been shown to be the best for anthocyanin recovery. In some
studies it has been reported that the anthocyanin molecules
undergo significant structural modifications in aqueous ace-
tone, leading to the formation of pyranoanthocyanins and
furoanthocyanidins, a phenomenon that does not occur in
acidified methanol [27, 28]. Our results showed that, under
the applied conditions, flavonols were better extracted using
ultrasounds (about 20% of increased recovery), whereas the
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TaBLE 2: Content of flavonols in the traditional and ultrasonic extracts (results from 3 independent replicates).

Methanolic extract

Methanolic extract with ultrasound treatment

Sample Analyte Concentration RSD Concentration RSD
(mg100 g~ FW)* (%) (mg100 g~ FW)? (%)
Quercetin 14.77 5.76 18.98 4.12
SL(S. nigra) Kaempferol n.d. — n.d. —
Myricetin n.d. — n.d. —
Quercetin 12.32 6.04 16.07 3.88
§2 (8. nigra) Kaempferol nd. — n.d.
Myricetin n.d. — n.d.
Quercetin 712 5.43 11.88 5.16
S3 (S. nigra) Kaempferol n.d. — n.d. —
Myricetin n.d. — n.d. —
Quercetin n.d. — n.d. —
M1 (R. ulmifolius) Kaempferol 2212 4.45 30.86 8.87
Mpyricetin 10.74 7.55 14.34 5.23
Quercetin n.d. — n.d. —
M2 (R. ulmifolius)  Kaempferol 355.62 412 444.86 8.12
Mpyricetin 146.42 7.71 200.25 716
Quercetin n.d. — n.d. —
M3 (R. procerus) Kaempferol 18.71 3.45 23.84 11.32
Mpyricetin 3.31 2.13 4.83 5.15
Quercetin n.d. — n.d. —
M4 (R. fruticosus) Kaempferol 30.16 6.76 4156 6.77
Mpyricetin 112 772 1.56 8.15

RSD: relative standard deviation; *mean value; n.d.: not detected.

recovery of anthocyanins with the two different procedures
was about the same. However, it can be underlined that the
ultrasound assisted procedure involved a lower number of
analytical steps, and therefore it is preferable.

In literature, the extraction of flavonols by ethyl acetate
from food matrix prior to HPLC analysis has been reported
[19, 29]. In our case, HPLC analysis of the phenolics obtained
by liquid-liquid extraction on the primary methanolic extract
revealed that there was not a good separation among
flavonols (expected in the ethyl acetate fraction) and antho-
cyanins (expected in the residual aqueous fraction). In fact,
both the ethyl acetate and aqueous fraction contained either
flavonoids or anthocyanins, even if in different amounts.
Therefore, this analytical procedure applied on berry fruits
was not satisfactory.

Cyanidin-3-glucoside and cyanidin-3-sambubioside
were previously reported as the prevailing anthocyanins in
elderberry. In Sicilian elderberry (from Italy) cyanidin-3-
glucoside was prevailing [30], whereas in our samples and in
Austrian elderberry selection cyanidin-3-sambubioside was
the major anthocyanin [17]. It is important to note that, in
our analytical conditions, the two anthocyanins, even if they
had similar retention time, could be sufficiently separated
and quantified (Figurel), whereas in other procedures
they coeluted [17]. In blackberry fruits, four anthocyanins
were determined (Figure 2), one of which was identified as
cyanidin-3-glucoside, whereas the others, reported as Al,

2618 8.829
<—— Cianydin 3-sambubioside
250 A
200 - 9.035 ) ) .
477 <«———Cianydin 3-glucoside
;C 150 A
&
100 -+
2850
50 4
12.50312:900 15 447 20388 Toion2
0 T T T T T
5 10 15 20 25
(min)

FIGURE 1: Anthocyanins in elderberry methanolic extract.

A2, and A3, were unidentified. Berry fruits of the genus
Rubus possess anthocyanins with very complex chemical
structure, and prevailing cyaniding-glycosides, sometimes
elucidated by means of ESI-MS and NMR techniques
[20, 22]. As regards individual flavonol aglycone contents,
in agreement with the literature, elderberry contained only
quercetin, whereas in blackberry kaempferol and myricetin
were present [9, 14, 17].
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TaBLE 3: Ellagic acid obtained from the traditional and new rapid procedure (results from 3 independent replicates).

Methanolic extract/hydrolysis

Methanolic extract with ultrasound treatment/hydrolysis

Sample Analyte Concentration RSD Concentration RSD
(mg100g ' FW)* (%) (mg100g ' FW)* (%)
S1 (S. nigra) Ellagic acid n.d. — n.d. —
S2 (S. nigra) Ellagic acid n.d. — n.d. —
S3 (S. nigra) Ellagic acid n.d. — n.d. —
MI (R. ulmifolius)  Ellagic acid 8L12 7.43 119.17 6.12
M2 (R. ulmifolius)  Ellagic acid 144.65 10.15 200.06 4.31
M3 (R. procerus) Ellagic acid 50.40 7.27 77.40 3.15
M4 (R. fruticosus)  Ellagic acid 2212 9.14 29.70 5.74

RSD: relative standard deviation; *mean value; n.d.: not detected.

1 R. fruticosus
8723
200 | <« Cyanidin-3-glucoside
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FIGURE 2: Anthocyanins in blackberry methanolic extract.

3.2. Ellagic Acid Determination. Ellagic acid is a dimeric
condensation product of gallic acid. It can exist as a free
form, glycoside, or linked as ellagitannins esterified with
glucose. Free ellagic acid levels are generally low, although
substantial quantities of these compounds can be detected
after acid hydrolysis of extracts, as a result of ellagitannin
breakdown [8, 21, 31]. For this reason, ellagic acid was
generally determined in the free form after acid hydrolysis.
Different analytical methods have been previously reported
in literature, having some differences in HCI concentration
in the mixture reaction, temperature, and time of reaction.
Moreover, the acid hydrolysis was performed directly on the
homogenized sample or after a preliminary extraction of the
phenolic substances. Generally ellagic acid was determined
after an acid hydrolysis over the homogenized berry fruits
in a mixture containing a final concentration of 1.2-2 M HCI
and refluxed for 2 to 20 h at a temperature ranging from 85 to
95°C [7, 31-33]. More recently, Tarola et al. [21] performed
an acid hydrolysis over the methanolic extracts obtained
from strawberry (final concentration of 4 M HCI) for 50 min
in an oven at 90°C. These acid hydrolysis conditions were
demonstrated to be efficient to produce aglycone from ellagic
acid compounds, and free ellagic acid was well retained after
the acid treatment, whereas other phenolic compounds, such
as ferulic acid and catechin, were partially degraded. We com-
pared two analytical methods for acid ellagic determination

in blackberry and elderberry fruits. The first was based on
the range of conditions more frequently utilized in literature
and precisely a simultaneous extraction and hydrolysis of
ellagic acid compounds on homogenized fruits under reflux
for 5h at 90°C, whereas the second was based on a prelim-
inary extraction of phenolics in an ultrasonic bath and a
subsequently rapid acid hydrolysis in a small volume reaction.
Confirming what was previously reported in literature, ellagic
acid was not detected in elderberry, whereas blackberry
was a good source of this bioactive compound (Table 3)
[14, 31]. The results obtained from blackberry fruits showed
that the second method increased the recovery of ellagic
acid. Moreover, the second method considerably reduced the
analysis time and the consumption of solvents.

4. Conclusions

The use of ultrasonic-assisted extraction improved the recov-
ery of berry fruit poyphenols in methanolic extract, allowing
a rapid extraction procedure, with subsequent reduction in
time consuming. The possibility of utilizing microvolume
of mixture reaction in acidic hydrolysis in order to obtain
free aglycones from glycosides was also suggested, with
advantages in solvent cost and disposal.
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