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Abstract

Oil of bergamot is receiving renewed popularity in aromatherapy. The biovariability of
Citrus bergamia grown wild in Calabria(Italy) was investigated as far as chemical markers
(linalool, linalyl acetate and bergapten) content and antioxidant and antifungal activities of
the methanolic extracts. The average content in the markers presents slight variations with
the altitude and more evident changes with the latitude of the areas of plant collection.
� 2003 Elsevier B.V. All rights reserved.

Keywords: Citrus bergamia Risso; Biodiversity; Bergapten; Linalool; Linalyl acetate

Plant. Seven samples ofCitrus bergamia Risso fruits(CB1-CB7), been collected
in Calabria in different zones for altitude and solar exposure in November 2000 and
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Table 1
Sites of collection ofC. bergamia in Calabria, Italy

Sample Site Alt. Coordinate Soil

CB1 Reggio Calabria 30 m 158749059 long. 388099689 lat. Clayey
CB2 Melito p. salvo 50 m 158789719 long. 378919949 lat. Clayey
CB3 Gallico 17 m 158399939 long. 388109529 lat. Clayey
CB4 Reggio Calabria 23 m 158399369 long. 388049969 lat. Clayey
CB5 Melito p. salvo 33 m 158459119 long. 378559669 lat. Clayey
CB6 Pellaro 30 m 158399709 long. 388029559 lat. Clayey
CB7 Palazzi 19 m 168039519 long. 378559519 lat. Clayey

Table 2
Levels of markers ofC. bergamia samples

Sample Plant Pentane Bergapten Linalool Linalyl acetate LinaloolyLinalyl
(g) extract(g) (mg) (mg) (mg) acetate

CB1 500 3.94 20.86"0.004 18.28"0.003 148.44"0.003 0.123
CB2 500 1.7 8.01"0.003 0.053"0.005 0.81"0.005 0.065
CB3 500 2.08 42.71"0.004 18.59"0.004 39.18"0.004 0.474
CB4 500 0.72 14.98"0.002 3.14"0.002 11.54"0.004 0.272
CB5 500 0.83 32.55"0.005 2.02"0.001 13.15"0.003 0.153
CB6 500 0.56 13.77"0.004 4.62"0.003 10.14"0.005 0.455
CB7 500 0.92 22.93"0.01 11.06"0.004 20.22"0.003 0.575

Values are mean"S.D.
Ns3.

identified by Prof. G. Cesca(Botanical Garden of the University of Calabria, Italy)
(Table 1).

Use in traditional medicine. The essence ofC. bergamia is used for its antiseptic
properties. Oil of bergamot is receiving renewed popularity in aromatherapyw1x.

Previously isolated classes of constituents. Terpenes, coumarinsw2–4x.

Tested material. From each fruit sample(500 g) the peel has been submitted to
maceration with MeOH(3 extractions of 48 h) and the extracts were treated with
pentane. In order to isolate phytochemical markers(linalool, linalyl acetate and
bergapten) the n-pentane extracts have been submitted to Si-gel CC(n-hexaney
acetone 98:2). The qualitative data of the chromatographic fractions have been
determined through GC-MS(Hewlett-Packard gas-chromatograph, model 5890,
equipped with to mass spectrometer, model 5972, and controlled by HP software
equipped with capillary column 30 m, 0.25 mm) using programmed temperature
from 60 to 2808C (rate 168ymin); the detector and the injector have been set to a
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Table 3
Biological activity of methanolic extracts ofC. bergamia

Test CB1 CB2 CB3 CB4 CB5 CB6 CB7

DPPH assay*
10 mgyml 7.57"0.4 8.15"0.5 1.95"0.1 2.29"0.2 1.83"0.1 3.90"0.3 4.13"0.2
20 mgyml 9.51"0.6 11.45"0.7 5.51"0.3 5.51"0.3 5.51"0.3 4.13"0.3 7.24"0.4
50 mgyml 15.55"0.8 16.79"1.1 13.56"0.9 12.18"0.8 13.67"0.8 10.80"0.8 13.17"0.9

b-carotene bleaching assay*
RAA 60 min 0.47"0.031 0.49"0.032 0.45"0.030 0.41"0.029 0.39"0.028 0.31"0.023 0.41"0.029
RAA 120 min 0.29"0.02 0.31"0.02 0.35"0.023 0.32"0.022 0.29"0.02 0.27"0.019 0.31"0.02

Antifungal assay**
P. ultimum
100mgyml 2.1"0.2 q 3.7"0.7 q 0.9"0.4 8.3"0.6 0.9"0.4
500mgyml 36.7"1.5 q 19.8"0.8 14.2"0.7 20.2"1.0 34.2"1.2 5.8"0.9

T. mentagrophytes
100mgyml q q q q q q q
500mgyml 6.5"0.3 11.2"1.0 8.6"0.6 4.3"0.6 9.3"0.8 15.7"0.4 1.4"0.5

Ns3.
*BHA was taken as positive control.
**Control was set up at 0.3% of dimethylsulfoxide(DMSO); Miconazole(200mgyml) was used as posite control.
All the values are the average of three determinations"S.D.
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temperature of 2808C and 2508C, respectively(split vent flow 1 ml min ). They1

quantitative determination of the selected markers has been performed by means
GC (Shimazdu, model gc 17, series a, equipped with FID detector and with capillary
column 30 m, 0.25 mm, controlled by Borwin software) through chromatographic
comparison with external standards, which were purchased from Sigma, Germany.
Analysis has been conducted in isotherm(110 8C); the detector and the injector
have been set to a temperature of 2808C and 2508C, respectively. All determinations
were performed in triplicate and averaged.

Studied activity. DPPHw5x andb-carotene bleachingw6x tests were used to evaluate
the antioxidant activity. Antifungal activityw7,8x was performed on the phytopath-
ogen Pythium ultimum Trow and the dermatophyteTrichophyton mentagrophytes
var.mentagrophytes by means of the disc diffusion assay.

Results. Tables 2 and 3.

Discussion and conclusions. The maximum yield of pentane fractions was obtained
from the samples CB1(3.94 g) and CB3(2.08 g) both deriving from the northern
area of the Tyrrhenian slope. The altitude influences slightly the bergapten content
(CB3 17 m, yield 2%; CB7 19 m, yield 2.5%) that varies instead in more evident
way with the latitude. It is known that ratio linaloolylinalyl acetate affects the aroma
of the essence of bergamot. A better essence is observed if they ratio has a low
value. For the samples analysed in the present work, the ratio between the two
markers ranged from 0.065(CB2) to 0.575(CB7).
As regards the biological activity the sample CB2 showed the highest antioxidant

activity. The extracts of bergamot assayed at the dose of 100mgyml showed some
activity against both fungal fetters, particularlyT. mentagrophytes. At 500 mgyml,
some extracts displayed significant inhibition ofP. ultimum as following: CB1
(36.7%) and CB6 (34.2%); againstT. mentagrophytes the highest values were
obtained with CB2(11.2%) and CB6(15.7%).
With the reference to phytochemical considerations and biological activity data,

it is therefore possible to address the proper chemotype ofC. bergamia for
phytomedicine and cosmetic applications.
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