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Anthocyanins from Bay ( Laurus nobilis L.) Berries
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Anthocyanin composition in the berries of Laurus nobilis L., a perennial tree or shrub typical of the
Mediterranean region, was determined for the first time. The pigments were extracted from the berries
with 0.1% HCI in methanol, purified on a C-18 solid-phase cartridge, and characterized by means of
high-performance liquid chromatography (HPLC)-diode array detection (DAD)-mass spectrometry
(MS) analysis. The major anthocyanins were characterized as cyanidin 3-O-glucoside (41%) and
cyanidin 3-O-rutinoside (53%). Furthermore, two minor anthocyanins were detected and identified
as 3-O-glucoside and 3-O-rutinoside derivatives of peonidin (5%). The two major pigments were
also isolated by preparative HPLC and characterized by H! nuclear magnetic resonance (NMR)
spectroscopy. The attractive color and the great abundance of the plant in the south of Italy make
Laurus nobilis berries a new and very good source of natural pigments.
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INTRODUCTION for rheumatism and dermatitis. It is also used by the cosmetic
industry in creams, perfumes, and soaps; it was reported to be
used in the preparation of hair lotions for its antidandruff activity
and for the external treatment of psoriasi®,(11).

Nowadays, there is an increasing interest in the development
of colorants from natural sources, especially in food industries,

favored essentially by the social trend toward the consumption The chemical composition of bay leaves has been extensively

of natural products instead of synthetic ones. Among the natural studied. Flavones (apigenin and luteolin) and flavonols (kaempfer-
pigments, anthocyanins are the target of numerous studies, due : PIg P

to their characteristic colorant and antioxidant properties. ol, myricetin, _and que_rcmn) have been studied in bay Ieav_es
Anthocyanins are phenolic plant metabolites belonging to the (12,13). Volatile constituents of I(_aaves, buds,_fl_owers, and fruits
flavonoid family responsible for the red, blue, and purple colors from pay have also been de’germln&dx. In gddltlon,.the leaves
of many fruits, berries, and flowerd), They are nontoxic contgm togopherolsl(S), t.annlns (6), sesquiterpenoid lactones,
water-soluble compounds and can find application in food ang |ts|:)qumo!|ne r?lkalotl)ds (17t).d' dinb hoot q]
industries as natural colorant®)( These pigments also have 'thn ocy%r_nnsb ave theen studied In Sy slgo sTan eaves
many human health beneficial effects, mainly due to their \Q" lcy:janl Itnh e'nt?] € main plgmf[:_n $’f b). bo our h
antioxidant properties (3—5). For this reason, new sources of now eb g€, d € a.nb gcygnlrtl. composition Ok . ?’] eleg%s as
anthocyanins with high colorant power, stability, and low cost never been described. Lontinuing our work in this Tie (
are nowadays desired. 21), we report in this paper the profile of anthocyanins in bay
berries for their potential application as natural colorants and

Laurus nqb'I'SL" Comm"”'y k_nown as bay, bay laurel, or antioxidant agents by food, pharmaceutical, and cosmetic
sweet bay, is a perennial pyramid-shaped tree or a large shrub

with aromatic, evergreen leaves and shiny gray bark of the industries.

family Lauraceae®). It is native of the Mediterranean region

and Asia Minor; currently, it is both cultivated and collected MATERIALS AND METHODS

from the wild in many Mediterranean countries. The leaves are  Reagents and StandardsTrifluoroacetic acid (TFA) (99.9%) was

alternate, lanceolate, coriaceous, and shining with wavy margins.purchased from Romil Ltd. (Cambridge, United Kingdom), and formic

Clusters of small yellow flowers are produced in spring, acid (98—100%) and sodium tetraborate (99%) were from Aldrich

followed, on the female plants, by shiny purplish black berries (Steinheim, Germany). Hydrochloric acid (388%), acetonitrile,

(about 1.3 cm long) in autumn. Bay leaves (fresh or dried), fruits, Methanol, and water of high-performance liquid chromatography

and essential oils are used extensively in the food industry for HHP-C) grade and methanol of analytical grade were provided by J.
. . T. Baker (Deventer, Holland). Methanol-d99.8 Atom%D) was

Seaso"'”g of soups, mgat, f',Sh'_ bevgrages,.&ar((.j ‘f"s a f°9‘,’, purchased from Armar Chemicals (Déttingen, Germany), and cyanidin

preservative, due t_o th¢|r_antlm|crob|al and |nsech|C|de act|V|_t|es 3-O-glucoside was from Extrasynthese (Genay, France). Deionized

(8,9). The essential oil is used as a folk medicine, especially water was used to prepare all solutions.

Samples.Wild grown Laurus nobilisberries were hand harvested

* Author to whom correspondence should be addressed [telephae in Lecce, Italy, during November 2004, placed in polyethylene bags,
(0)832-297252; fax-39-(0)832-297252; e-mail giuseppe.vasapollo@unile.if]. and stored at=20 °C until use. The plant was classified at the
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Figure 1. HPLC-DAD chromatogram recorded at 520 nm corresponding to the purified extract of Laurus nobilis berries.

Systematic Botanic and Vegetable Ecology Laboratory of the Depart- etry (MS) analytical analyses were performed using an Agilent 1100
ment of Biological and Environmental Science and Technology, Series LC/MSD system with a diode array detector (DAD) coupled to
University of Lecce (ltaly), ataurus nobilisL. a mass spectrometer (quadrupole analyzer) equipped with an electro-
Extraction of Anthocyanins. The stoned berries (16 g) were spray ionization interface (ESI, Agilent). Chromatographic separation
extracted in the dark by stirring with 100 mL of 0.1% HCI (v/v) in  was carried out using a 150 4.6 mm i.d., 5um SS Wakosil C18
methanol for 20 h at room temperature. The samples were filtered onwith a 4 x 3 mm id. Phenomenex C18 guard cartridge both
a Buchner funnel, and the solid residue was washed with an additional thermostated at 32C. The mobile phase was composed of 0.1%
50 mL of 0.1% HCI (v/v) in methanol. Filtrates were combined and trifluoroacetic acid (TFA) in water (solvent A) and 0.1% TFA in
dried using a rotary evaporator at 3. The remaining solid was  acetonitrile (solvent B) at a flow rate of 1 mL/min. The following
dissolved in 0.01% HCI (v/v) in deionized water and successively gradient was utilized: 0 min, 10% B; 0—20 min, 10% B; 30 min, 20%
purified. B; 50 min, 30% B. Absorbance spectra were recorded every 2 s,
Purification of Anthocyanins. The anthocyanin aqueous solution ~ between 250 and 600 nm, with a bandwidth of 4 nm, and chromato-
obtained from the extraction procedure described before was passeddrams were acquired at 520, 440, 310, and 280 nm. MS parameters
through a 1 gsorbent weight C-18 Sep-Pak cartridge (Waters Corp., Were as follows: capillary voltage, 4000 V; fragmentor, 160 V; drying
Milford, MA), previously activated with methanol followed by 0.01%  gas temperature, 35€C; gas flow (), 10 L/min; nebulizer pressure,
aqueous HCI (viv). Anthocyanins and other polyphenolics were 50 psig. The instrument was operated in positive ion mode scanning
adsorbed onto the Sep-Pak column, while sugars, acids, and other waterfrom m/z 100 to 800 at a scan rate of 1.43 s/cycle. The wavelength
soluble compounds were removed by washing the cartridge with 2 used for quantification was 520 nm. The calibration curve was produced
volumes of 0.01% aqueous HCI (v/v). Less polar polyphenolics were by the integration of absorption peaks generated from the analysis of
subsequently eluted with 2 volumes of ethyl acetate. Anthocyanins were dilution series of cyanidin 3-glucoside.
then eluted with methanol containing 0.01% HCI (v/v). The acidified  Preparative HPLC System.The major anthocyanins were isolated
methanol solution was evaporated using a rotary evaporator ®30 by a preparative HPLC system consisting of a Shimadzu model LC-
The remaining solid was dissolved in 0.01% HCI (v/v) aqueous solution 8A pump, a Shimadzu SCL-10A VP system controller, a manual
to have a known concentration solution (3 mg/mL) and immediately injector fitted with a 1 mL sample loop, and a Shimadzu model SPD-
analyzed. This solution was stored-a20 °C until used for successive ~ 10A UV/vis detector equipped with a preparative flow cell. A 260
acid and alkaline hydrolyses. 21.2 mm i.d., 7um Zorbax Stable Bond-C18 preparative column,
Acid Hydrolysis of Anthocyanins. First, 5 mL of 2 N HCl was ~ coupled to a 50< 21.2 mm i.d., sum Zorbax Stable Bond-C18 guard
added to 1 mL of the purified anthocyanin solution (3 mg/mL) in a colur_nn, was used for the_sepqratlon and isolation of anthocyanins. The
screw-cap test tube, flushed with nitrogen, and capped. The pigmentsmobile phase was formic acid/water/methanol (10:75:15 v/v). The
were hydrolyzed for 1.5 h at 10€; then, the solution was immediately ~ isocratic flow rate was 20 mL/min, and the detector was set at 520
cooled in an ice bath2@). The hydrolysate was purified by using a M. The anthocyanin fra(_:tlons of interest were |solate_d, and thel_r purity
500 mg sorbent weight C-18 Sep-Pak cartridge (Waters) as previouslyWas checked by analytical HPLC-DAD-MS analysis as previously
described. described. Each fraction was evaporated using a rotary evaporator at
Alkaline Hydrolysis of Anthocyanins. First, 1 mL of the purified 30 °C to remove completely the methanol and then loade@® g
anthocyanin solution (3 mg/mL) was saponified in a screw-cap test SOrPent weight C-18 Sep-Pak cartridge (Waters) previously activated
tube with 5 mL of 10% KOH for 8 min in the dark at room temperature  With methanol followed by 0.01% aqueous HCI (v/v). The cartridge
(22). The solution after neutralization with 2 N HCI was purified by ~Was rinsed with 5 volumes of 0.01% aqueous HCI (v/v), and the
using a 500 mg sorbent weight C-18 Sep-Pak cartridge (Waters) asdsorbed antho_cyamn was eluted with 0.1% H(_:I (v/v) in methanol.
previously described. The eluent solution was evaporated to dryness using a rotary evaporator
Selective Elution of Anthocyanins with Alkaline Borate Buffer. at 30°C, and the result!ng solid was resolubilized with the suitable
The purified anthocyanins were adsorbed onto a 500 mg sorbent WeightSOIVent for NMR alnaly5|s.
C-18 Sep-Pak cartridge (Waters), previously activated with methanol NMR Analy_SIS. H NMR spec_tral data were re_corded ona Bruker
followed by 0.01% aqueous HCI. Alkaline borate buffer (0.1 N sodium Adyance 400 instrument operating at 400 MHz '”m with TMS
tetraborate, ca. pH 9) was passed through the column until the eluant®s internal standard. Sample temperature was stabilized 4.25
was colorless. The anthocyanins were reconverted into their red
oxonium salt form by passing 2 N HCI through the colun28) RESULTS AND DISCUSSION

Washing with borate buffer and HCI was repeated one additional time. The anthocyanin composition of bay berries was determined
The anthocyanins remaining on the cartridge were subsequently eluted, y y

with 0.01% HCI (v/v) in methanol. The acidified methanol solution by means of HPLC'DA,D'MS analysis. The chromatogram of
was evaporated using a rotary evaporator atG0The anthocyanins (€ purified anthocyanin extract from bay berries, recorded at
were then dissolved in 0.01% HCI (v/v) aqueous solution and 920 nm, is shown irFigure 1. As can be seen, there are three
immediately analyzed. peaks in the chromatogram, but the MS analysis revealed that
Analytical HPLC-DAD-MS System. The high-performance liquid ~ the last peak corresponded to two different pigments (com-
chromatography (HPLC)-diode array detection (DAD)-mass spectrom- pounds3 and 4) that coeluted under the conditions employed



Anthocyanins from Bay (Laurus nobilis L.) Berries J. Agric. Food Chem., Vol. 53, No. 20, 2005 8065

(M* — 162). Peak had aAmax 0f 520 nm and a mass spectrum
consisting of a M at m/z595 and a fragment ion an/ z 287
resulting from the loss of the rutinose molecule(M 308). It
corresponded therefore to cyaniditOgrutinoside. The last peak
(Figure 1), as previously mentioned, contained two different
anthocyanins (compoundsand 4). The ESI-MS profiles of
these compounds presented the molecular iofisaMn/z 463

(3) and 609 4) and the fragment ions &ai/z301 resulting from

the loss of the glucose and rutinose molecules, respectively,
and corresponding to the molecular ion of the aglycone peonidin.
Compounds3 and4 were therefore identified as peonidinCs-
glucoside and peonidin @-rutinoside, respectively. The ab-
sorbance spectra of these compounds confirmed their identity.

The AbsidAbsimax ratio values calculated for each antho-
cyanin, ranging from 31% to 32%, indicated a substitution in
the C-3 position of the flavylium ring26). It is well known
that anthocyanins with glycosidic substitutions at position 3

22 OH H exhibit a ratio of the absorbance at 40040 nm to the
4 OCH; H absorbance at the visible maximum wavelength (520 nm) that
Figure 2. Chemical structures of the anthocyanins identified in Laurus is almost twice as large as for anthocyanins with glycosidic
nobilis berries: 1, cyanidin 3-O-glucoside; 2, cyanidin 3-O-rutinoside; 3, substitution at position 5 or both 3 and 5 (27). In addition, the
peonidin 3-O-glucoside; 4, peonidin 3-O-rutinoside. obtained Abgsy/AbS;max (67—100%) and AbgyAbSimax (13—
22%) ratios confirmed that bay berry anthocyanins were simple
Table 1. Chromatographic, Spectroscopic, and Spectrometric anthocyanin molecules without acylation of glycoside with
Characteristics of the anthocyanins found in Laurus nobilis Berries aromatic acids (2829). Alkaline hydrolysis of the purified
peakno. & Ao M* M~ X anthocyanins produced a chromatographic profile similar to that
(Figure 1) (min) (nm) (ml2) (ml2) peak assignment reported inFigure 1 confirming that the anthocyanins of bay
1 282 280,516 449 287(M" gl) cyanidin 3-Oglucoside berries were not acylated (23).
g g?é gf;g ggg igg ;(?17((’\/': rﬂg cgrr\]iﬂiir:] %grulﬂzgz:gg Acid hydrolysis of the purified anthocyanins produced two
4 319 280: 520 609 301 ( +—?ut) Seonidin 3-0—?utinoside peaks (5and6), as shown in the chromatogram Bigure 3.

The ESI-MS profiles of these compounds presented the mo-
lecular ions M at m/z 287 (5) and 301 (6) corresponding to
the molecular ions of cyanidin and peonidin, respectively. The
sabsorbance spectra of these compounds confirmed their identity.

in this work, indicating the presence of four different antho-
cyanins in bay berries. These four anthocyanins, the structure

of which are shown ifFigure 2, were identified by comparison Figure 4 shows the chromatogram of the fraction of bay berry
of HPLC retention times, elution order, photodiode array UV/ anthocyanins that remained on the C-18 Sep-Pak cartridge after
vis spectroscopic, and ESI-MS spectrometric dagble 1) with elution with alkaline borate solution. It is known that borate
our anthocyanin library and published da® 22, 24, 25). ions react with phenols possessmdihydroxy groups, forming

Chromatographic and spectroscopic characteristics of the co-negatively charged complexes (30). In the treatment of nona-
eluted anthocyanin3 and4 were determined by analyzing the cylated anthocyanins with borate, the compounds possessing
initial and the end part of the corresponding peak, respectively. o-dihydroxy groups (cyanidin derivatives) formed a charged

The two major anthocyanins corresponding to peh&sd? borate complex, resulting in more hydrophilic species that were
(Figure 1) represented about 41% and 53%, respectively, of preferentially eluted from the C-18 cartridge, while anthocyanins
the total peak area revealed at 520 nm. Peakas identified not containingo-dihydroxy groups (peonidin derivatives) did
as cyanidin 39-glucoside on the basis of ifshax of 516 nm not complex with borate ions and were concentrated on the
and a mass spectrum comprising & Rtn/z449 and a fragment  cartridge (23). This technique provided therefore an additional
ion atm/z287 resulting from the loss of the glucose molecule method for the characterization of bay berry anthocyanins.
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Figure 3. HPLC-DAD chromatogram recorded at 520 nm corresponding to the purified extract of Laurus nobilis berries after acid hydrolysis.
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Figure 4. HPLC-DAD chromatogram recorded at 520 nm corresponding to the fraction of the anthocyanins of Laurus nobilis berries remaining on a C-18

Sep-Pack cartridge after elution with alkaline borate buffer.

Table 2. H! NMR Spectroscopic Data of Two Anthocyanins (1, 2)
Isolated from the Extract of Laurus nobilis Berries (6 in CD30D at
25 °C)

anthocyanin 16 (JinHz) 20 (JinHz)
aglycone

H-4 9.03s 8.96s

H-6 6.66 d (2.0) 6.68d(1.9)
H-8 6.91 brs 6.91 brs

H-2' 8.05d(2.4) 8.04d(2.4)
H-5' 7.03d(8.7) 7.03d(8.7)
H-6' 8.28dd (2.4,8.7) 8.29dd (2.4,8.7)
3-glucosy!

H-1" 5.30d(7.8) 5.29d(7.6)
6''-rhamosyl

H-1"" 4.65 brs

Among the four pigments detected in bay berries, the two
major anthocyanins (compounds and 2, Figure 1) were
isolated by preparative HPLC and their identity and structure
were confirmed on the basis of'HNMR spectroscopic data.
The chemical shiftsq) obtained from the HNMR analysis of
anthocyanind and2 were reported irmmable 2. Signals in the
downfield of the spectra betweér6.7 and 9.0 ppm were clearly
attributable to the aromatic protons (A and B rings) of the
aglycone molecule as previously reporte&i (32) for these
compounds. The signal doubletséab.3 corresponded to the
protons on the anomeric carbon from the glucose residues,
confirming that they were in position C-3 as also indicated by
the Absuy/Absimax ratio values. Thes-configuration of this
moiety was confirmed from the magnitudg&=€ 7.6 Hz) of the
Jir2» coupling constant in the HNMR spectra 83, 34). The
spectrum of the compouri2lpresented a doublet at5.29 (d,

J = 7.6 Hz, H-1 glucose) and a broad singletda#l.65 (brs,

H-1 rhamnose) confirming the presence of rutinose as sugar

moiety (32,35). It was not possible to confirm by means of
NMR analysis the identity of the anthocyani®dand4 (Figure

1), which were characterized as glucoside and rutinoside
derivatives of peonidin, respectively, by means of HPLC-DAD-
MS analysis; their low concentration in the bay berry extract
did not enable us to preparatively isolate these minor pigments
for their NMR characterization.

The total amount of anthocyanins in bay berries, determined
on the cyanidin 3-glucoside basis, was 217 mg/g of stoned fresh
berries. Cyanidin 3-O-rutinoside was the most predominant
anthocyanin (116 mg/g) followed by cyanidinG-glucoside
(90 mg/g). The total amount of peonidinG-glucoside and
peonidin 3-O-rutinoside was 10.6 mg/g.

To our knowledge, this is the first time that the anthocyanin
composition of Laurus nobilis berries has been described.

Because these berries have traditionally been used in human
diet and they are in great abundance in the Mediterranean region,
they could be used for the extraction of anthocyanins to be

employed as food colorants and antioxidant agents by food,

pharmaceutical, and cosmetic industries.
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