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Determination of Anthocyanins in  Ruscus aculeatus L. Berries
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Red berries of Ruscus aculeatus L., a wild shrub typical of Mediterranean Europe and Africa, were
investigated for the first time in order to determine the profile of anthocyanins. The pigments were
extracted from the skins of the berries with 0.1% HCI in methanol, purified using a C-18 solid phase
cartridge, and identified by means of high-performance liquid chromatography (HPLC)—diode array
detection—mass spectrometry analysis. Information from HPLC profiles, saponification, and acid
hydrolysis of the anthocyanins showed that the major anthocyanins were pelargonidin 3-O-rutinoside
(64%), pelargonidin 3-O-glucoside (16%), and pelargonidin 3-O-trans-p-coumarylglucoside (13%).
The attractive color of R. aculeatus berries and the great abundance of the plant in the south of Italy
make these berries a new and promising source of natural colorants.
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INTRODUCTION

Anthocyanins are natural pigments belonging to the flavonoid
family and are responsible for the red, blue, and purple colors
of many fruits, berries, and flowers (1). Recent and renewed
interest in anthocyanins is due not only to their potential health
benefits as antioxidants and antiinflammatory agetsA) but
mainly to their utilization as natural food colorang.(In fact,
anthocyanins may be used as natural colorants in the food
industry, to replace the original colors lost during the processing
of foods @) or to enhance the shelf life of foods to which they
have been added. Anthocyanins are also water soluble, and this
facilitates their incorporation into aqueous foods. For this reason,
new sources of pigments such as anthocyanins with high
tinctorial power, stability, and low cost are now desired.

Ruscus aculeatus., familiarly known as butcher’'s broom, (12) Their antiedematous effects have been also demonstrated
is a short evergreen shrub of the family Liliaceae typical of (13,14). The pharmacologically active steroid glycoside&of
Mediterranean Europe and Afric&,(8). It grows wild in aculeatusvere established and are mainly present in the rhizome
woodlands but can be easily cultivated. It has false thorny leavesand root of the planti, 16).

called cladophylles. The most outstanding appealing part of the ~Continuing our research on anthocyanins, we have hypo-
p|ant is the fruit' a round red berry' from 10 to 12 mm in thesized that the red coloration Bf aculeatuderries may be

diameter (Figure 1). due to the presence of anthocyanins in the skin of the berry.
In European tradition, both the aerial parts (leaves) and the The color characteristics of these berries combined with the great

thizome ofR. aculeatusre considered to be diuretic and mildly ~abundance of the plant in the south of ltaly could make

laxative. Today, they are used in Europe for disorders involving aculeatusberries a promising source of anthocyanin pigments.

the venous system, including venous fragility or varicose veins, T0 our knowledge, the anthocyanin compositiofiRoficuleatus

and clinical data also revealed positive effects on circulation. Perries has not been yet described. The objective of this study

In particular, the extracts are used in the prevention and Was therefore to determine anthocyanin profile in the skin of

treatment of venous insufficienc@11). Moreover, because ~R. aculeatud.. berries.

of their antielastase activity, they are components of drugs

administered as antiinflammatory and vasoconstrictor agents MATERIALS AND METHODS

Reagents and StandardsTrifluoroacetic acid (TFA) was purchased

* To whom correspondence should be addressed. F8D-832-297252. from Romil Itd. (Cambridge, United Kingdom). Hydrochloric acid {36
Fax: +39-832-297252. E-mail: giuseppe.vasapollo@unile.it. 38%), acetonitrile, and water of high-performance liquid chromatog-

Figure 1. R. aculeatus L. berries.
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Figure 2. Chromatogram recorded at 520 nm corresponding to the purified extract of R. aculeatus berries.
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Figure 3. Structures of the anthocyanins identified in the skin of R. aculeatus L. berries.
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Table 1. Chromatographic, Spectroscopic, and Spectrometric Characteristics of the Anthocyanins Found in the Skin of R. aculeatus Berries

peak no. peak R VIS Amax M* M* =X
(Figure 2) area (%) (min) (nm) (ml2) (mlz) peak assignment
1 16.73 27.40 502 433 271 (M* = glu) pelargonidin-3-glucoside
2 63.80 28.34 504 579 271 (M* = rut) pelargonidin-3-rutinoside
5 2.77 39.36 508 579 271 (M* — coumarylglu) pelargonidin-3-cis-p-coumarylglucoside
6 13.44 40.47 510 579 271 (M* = coumarylglu) pelargonidin-3-trans-p-coumarylglucoside

raphy (HPLC) grade and methanol of analytical grade were provided Sep-Pak cartridge (Waters Corporation, Milford, MA), previously
by J. T. Baker (Deventer, Holland). CyanidinBglucoside was activated with methanol followed by 0.01% aqueous HCI (v/v).
purchased from Extrasynthese (Genay, France). Deionized waterAnthocyanins and polyphenolics were adsorbed onto the Sep-Pak
(Easypure 1l RF ultrapure water system), (Barnstead, United States)column while sugars, acids, and other water soluble compounds were
was used to prepare all solutions. removed by washing the minicolumn with 2 volumes of 0.01% aqueous

Samples.Wild-grown R. aculeatud.. berries were hand harvested  HCI. Polyphenolics were subsequently eluted with ethyl acetate. Then,
in the woods of “Parco Regionale Bosco e Paludi di Rauccio”, Lecce, anthocyanins were eluted with methanol containing 0.01% HCI (v/v).
Italy, during December 2003, placed in polyethylene bags, and stored The acidified methanol solution was evaporated using a rotary
at —20 °C until they were used. The plant was classified at the evaporator at 30C. The remaining solid containing the anthocyanins
Systematic Botanic and Vegetable Ecology Laboratory of the Depart- was then redissolved in 0.01% HCIl agueous solution to a known volume
ment of Biological and Environmental Science and Technology, and immediately analyzed. This solution can be store¢28t°C until
University of Lecce (ltaly), aRR. aculeatud.. used for successive acid and alkaline hydrolyses.

Anthocyanin Extraction. Hand-peeled skins from partially thawed Acid Hydrolysis of Anthocyanins. Five milliliters of 2 N HCI was
berries were extracted with 0.1% HCI (v/v) in methanol for 20 h at added to the above solution (1 mL) containing the purified anthocyanins
room temperature, in darkness. The samples were filtered on a Buchneiin a screw-cap test tube, flushed with nitrogen, and capped. The
funnel, and the solid residue was washed with 0.1% HCI in methanol. pigments were hydrolyzed fdl h at 100°C; then, the solution was

The filtrate was dried using a rotary evaporator at@0The remaining immediately cooled in an ice bath7). The hydrolysate was purified
solid was redissolved in 0.01% HCI (v/v) in deionized water and by using a C-18 Sep-Pak cartridge (Waters Corporation) as previously
successively purified. described.

Anthocyanin Purification. The aqueous solution obtained from the Alkaline Hydrolysis of Anthocyanins. The solution containing the

extraction procedure described before was passed through a C-18purified anthocyanins (1 mL) was saponified in a screw-cap test tube
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with 5 mL of 10% KOH for 8 min in the dark at room temperature
(17). The solution after neutralization with 2 N HCI was purified by
using a C-18 Sep-Pak cartridge (Waters Corporation) as previously
described.

Analytical Methods. The HPLC-diode array detection (DAD)-mass
spectrometry (MS) analyses were performed using an Agilent 1100
Series LC/MSD system with a DAD coupled to a mass spectrometer
(quadrupole analyzer) equipped with an ESI (electrospray ionization)
interfaces (Agilent). Chromatographic separation was carried out using 5
a 150 mmx 4.6 mmi.d., 5um SS Wakosil C18 with a4 mm 8 mm 0
i.d. Phenomenex C18 guard cartridge both thermostated &€ .32he
mobile phase was composed of 0.1% TFA in water (solvent A) and 250 a0 0 400 40 500 50 60
0.1% TFA in acetonitrile (solvent B) at a flow rate of 1 mL/min. The Wavelength (nrm)
gradient was utilized as follows: <2 min, 10% B; 30 min, 20% B;
40 min, 30% B; 50 min, end. Absorbance spectra were recorded every w4 B
2 s, between 200 and 600 nm, with a bandwidth of 4 nm, and
chromatograms were acquired at 520, 440, and 310 nm. MS parameters 150
were as follows: capillary voltage, 4000 V; fragmentor, 160 V; drying
gas temperature, 35@; gas flow (N), 10 L/min; nebulizer pressure,

50 psig. The instrument was operated in the positive ion mode scanning
from m/z 100 to 800 at a scan rate of 1.43 s/cycle.

Quantification of Anthocyanins. The wavelength used for quan-
tification was 520 nm. For calibration, the external standard method
was used and the standard curve was produced by the integration of
absorption peaks generated from analysis of dilution series of cyanidin- 20 w0 30 40 40 S0 50 600
3'g|UCOSide. Wavelength (nm)
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RESULTS AND DISCUSSION 70+

Anthocyanin Profile. The HPLC chromatogram of the
purified anthocyanin extract from the skinief aculeatuderries *7
is shown inFigure 2. As can be seen, six peaks are present in
the chromatogram but the minor peaBsafd4) having an area
percentage less than 3% and with a poor resolution were not
considered. The four major anthocyanins, the structures of which
are shown irFigure 3, represented about 97% of the total peak
area and were identified by their HPLC retention times, elution
order, spectroscopic characteristics, and fragmentation pattern 10 = e
(Table 1) from comparison with literature values3—20) and Wavelength (nm)
our anthocyanin library. The major peaks identified by HPLC- Figure 4. (A) UV—-vis spectrum of pelargonidin 3-O-glucoside, recorded
MS were pelargonidin ®-glucoside, M = 433 (1), pelar-  at27.40 min. (B) UV-vis spectrum of pelargonidin 3-O-rutinoside, recorded
gonidin 3-O-rutinoside, M = 579 (2), and pelargonidin 3-O-  at 28.34 min. (C) UV-vis spectrum of pelargonidin 3-O-trans-p-coumaryl-
p-coumarylglucoside, M= 579 (6). The ESI-MS profiles of  glucoside, recorded at 40.47 min.
these compounds presented the molecular ionsavid the
fragment resulting from the loss of the sugar molecule (271 as compared to trans and are usually present in lower amounts.
amu) corresponding to the molecular ion of pelargonidin Also, slight differences in the absorbance spectra of cis and trans
aglycone. The absorbance spectra of these compounds (Figurésomers have been report&8f. On the basis of these evidences,
4) confirmed the identity of the supposed anthocyanins. In fact, we have assumed this pattern of elution and assigned the cis
the UV—vis spectra of the three anthocyanins corresponding and trans labels to peaksand6, respectively.
to peaksl, 2, and6 showedlnax in the 504—510 nm region According to the Harborne hypothes&f, anthocyanins with
associated with a pronounced shoulder in the-4480 nm glycosidic substitutions in the C-3 position exhibit a ratio of
region typical of the pelargonidin anthocyanidin type skeleton the absorbance at 440 nm to the absorbance at the visible
(18). The UV-vis spectrum of peals, in particular, besides  maximum wavelength (520 nm) almost twice that as compared
the characteristic visible maximum absorption at 510 nm, to anthocyanins with glycosidic substitutions at position 5 or
showed increased absorption in the 3@30 nm regionigure both positions 3 and 5. The Abg/Abs)max ratios found for
4C), which is indicative of a possible acylation of the glycoside Ruscusanthocyanins confirmed their monoglucoside skeleton
with aromatic acids18, 21, 22), confirmed by an increase of  with glycosidic substitution in the C-3 position of the antho-
the retention time of the anthocyanin corresponding to fieak  cyanidin (19).
acylation, in fact, usually increases the retention time of  Asshown in the chromatogram Bfgure 6A, acid hydrolysis
anthocyanins under reversed phase (RP) HPLE).(On the of the Ruscusanthocyanins produced one major anthocyanidin
basis of this evidence, pe&kwas assumed to be pelargonidin  corresponding to 60% of the total peak area (at 520 nm). The
3-O-p-coumarylglucoside. Pedkpresented a molecular mass mass spectrum (M= 271) of this anthocyanidin and its UV
and fragmentation similar to pea, but as shown in the  vis spectrum with &naxat 514 nm and a pronounced shoulder
chromatogram, it eluted 1 min earlier. Moreover, its Y¥s at 424 nm indicated the presence of pelargonidjraé the only
spectrum showing an absorption maximum at 508 nm was anthocyanidin present iRuscusberries. The other two peaks
slightly different from that of pealé (Figure 5). It is known corresponded to pelargonidin-3-glucosidet M 433 (1) and
that in the case of cis and trans isomers, cis isomers elute firstpelargonidin-3-trang-coumarylglucoside, M = 579 (6,
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Figure 5. UV-vis spectra of pelargonidin 3-O-cis-p-coumarylglucoside (A) and pelargonidin 3- O-trans-p-coumarylglucoside (B).
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Figure 6. Chromatogram recorded at 520 nm corresponding to the purified extract of R. aculeatus berries after acid hydrolysis (A) and after alkaline
hydrolysis (B).

respectively, which were not completely hydrolyzed in the acid the identity of peakss and 6 (Figure 2) corresponding to
hydrolysis conditions utilized. Alkaline hydrolysis of the an- pelargonidin 39-cis-p-coumarylglucoside and pelargonidirCs-
thocyanins produced the chromatographic profile shown in trans-p-coumarylglucoside, respectively.

Figure 6B, similar to that of the purified anthocyanirSigure Quantification of Anthocyanins. Because anthocyanins are

2) but with the absence of the peaksand 6. According to unstable compounds, the availability of standards is poor and
Hong and Wrolstad1@), this evidence could mean that these their price is high. For that reason, it is very difficult and
pigments are acylated or are sensitive to alkali. In our case, theexpensive to obtain standards for all anthocyanins present in
disappearance of peaks and 6 after alkaline hydrolysis the sample. Therefore, many authors used to choose one
suggested the presence of cinnamic acid as acylating groupglycoside as a reference for the calibration (26). This is

and this hypothesis is confirmed by the fact that the anthocyaninspossible because the chromatographic responses of these
corresponding to these peaks showed an increased absorptionompounds at wavelengths around 520 nm are rather similar.
in the 300-330 nm region typical of the anthocyanin structures Thus, we have used cyanidinG-glucoside as the commercial
with acylating groups. In addition, according to Harborgé)( standard to calculate the quantity of the anthocyanins contained
the Abs¢d/Absimax ratios calculated for these compounds were in theR. aculeatuderries. In this way, we have found that the
indicative of a 1/1 molar ratio of the cinnamic acid to the total amount of anthocyanins in the skinRéiscuderries was
anthocyanin. In conclusion, all of this information confirmed 74.8 mg/g of skins and pelargonidinG3+utinoside was the most
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predominant anthocyanin (46 mg/g), followed by pelargonidin
3-O-glucoside (8.6 mg/g) and pelargonidinGBp-coumaryl-
glucoside trans isomer (6.0 mg/g).

To our knowledge, this is the first time that the anthocyanin
composition ofR. aculeatuserries has been described. Two
of the anthocyanins found in these berries are acylated with
hydroxycinnamic acid. Taking into account that the acylation

of the anthocyanins protects them against some color-damaging
factors, because the acyl groups allow the anthocyanins to adopt

a folded conformation27), we conclude that the berries Rf
aculeatusshould be a new and good source of colorants to be
used in the food industry.
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