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INTRODUCTION
FLAVONOIDS are polyphenolic secondary

metabolites with high biological activity synthesized by
plants (Chan et al., 1998; Orallo et al., 1998; Rao and
Cooper, 1998; Steerember et al., 1998) and it is well
documented that the Citrus genus is characterized by the
accumulation of great quantities of glycoside flavanones.

Commercial interest in these glycoside flavanones
is great since they are of considerable pharmacological
potential. Hesperidin, for example, influences vascular
permeability and naringin acts as an antioxidant protecting
against lipid peroxidation and showing antimutagenic
activity (Benavente-García et al., 1997). Naringin and
neohesperidin have another important industrial
application, as they can be chemically converted into their
corresponding oversweetened dihydrochalcones (Borre-
go et al., 1991), with sucrose-relative values of 1000 for
neohesperidin dihydrochalcone and 300 for naringin
dihydrochalcone.

Therefore, this study is aimed to characterize different
Citrus species and cultivars which may be of interest for
the commercial extraction of naringin, hesperidin and
neohesperidin.

MATERIALS AND METHODS
Plant material. The following species cultivated in the Citrus
Research Station of Güira de Melena, pertaining to the
National Institute of Agricultural Sciences (INCA) were
evaluated in the different experiments: Citrus sinensis (cv.
Valencia Late), Citrus reticulata (cv. Galleta), Citrus
paradisi (cv. Issac and cv. Marsh), Citrus aurantifolia (cv.
Persa), while the following species cultivated in the expe-
rimental plantations of the Regional Agrarian Research
Center in La Alberca, Murcia (Spain) were used: Citrus
sinensis (cv. Valencia Late), Citrus paradisi (cv. Marsh),
Citrus aurantifolia (cv. Persa).
Analysis of flavonoid content. For the extraction and
measurement of flavonoids, five whole fruits were taken in
each trial. They were dried (50oC in a forced-air oven) before
being ground to a fine powder and shaken with dimethyl
sulfoxide (DMSO) (6 mg dry weight.mL-1) for 30 min to
extraction. The corresponding extracts were filtered through
a 0.45 µm nylon mesh before HPLC analysis with a
Beckman liquid chromatography, a Model 110B
solvent.delivery module and a System Gold Module
168 diode array detector (range scanned 220-250 nm).
Reverse phase chromatographic separation was carried
out on a µ-Bondapak C18 (250 x 4 mm i.d) analysis column
(Waters Associates, Mildford, MA). The particle size was
5 µm, and isocratic separation was achieved using a
mixture of water-methanol-acetonitrile-acetic acid
(15:2:2:1 volume) at a flow rate of 1.0 mL-min-1 at 35oC.
Changes in absorbance were recorded in the  V/UV diode
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array detector at 280 nm. The identity of flavanones present
in these extracts was confirmed by 1H NMR (200 MHz)
spectrum (Bruker, Germany) in hexadeuterium-DMSO.

The data are represented by mean values and their
standard errors.

RESULTS AND DISCUSSION
Flanovoids present in different citrus species and changes
in their levels during fruit development. Table I shows the
levels of the principal flavanones found in immature and
mature fruits of Citrus paradisi (cv. Issac) and Citrus
reticulata (cv. Galleta). As it can be appreciated, in all
cases these flavanones were mainly synthesized during
early stages of fruit growth, which agrees with previous
results for different Citrus species (Castillo, Benavente-
García and del Río, 1993; Benavente-García, Castillo and
del Río, 1993; del Río and Ana Ortuño, 1994; Ana Ortuño
et al., 1995, Inés Reynaldo, del Río and Ana Ortuño, 1997).

Table I. Changes in the levels of the flavanone
naringin and hesperidin with age of Citrus
fruit in Cuba

            Fruits Flavanones (mg.100 g-1 dw)
    Naringin    Hesperidin

Citrus paradisi (cv. Issac)
immature 88 340 ± 4661
mature 22 480 ± 1892
Citrus reticulata (cv. Galleta)
immature             - 49 190 ± 3020
mature             - 18 680 ± 1750

The results expressed in Table I show that the level
of naringin in the Issac cultivar of Citrus paradisi cultivated
in Cuba represents 88 % in immature fruit and 22 % in
mature fruit of the total flavanone content.

These levels far exceed those described for other
cultivars of this species (Ana Ortuño et al., 1995), and
make it an ideal candidate for commercial exploitation.

Similarly, The Cuban cv Galleta of the species Citrus
reticulata is of interest for obtaining hesperidin on an in-
dustrial scale, since its flavanones represent 49 and 18 %
in immature and mature fruits, respectively (Table I). These
levels are similar to those we obtained in immature fruits
from the hybrid tangelo Nova (40 %). However, the mature
fruit of the same hybrid shows even lower levels (1.8 %)
(del Río et al., 1995).
Influence of cultivation zone on the expression of these
secondary metabolites in Citrus fruits. Table II depicts
the results obtained for analysis of the principal flavanones
present in commercial cultivars of different Citrus species
cultivated in Cuba and Spain (C. sinensis, C. paradisi and
C. aurantifolia).

These levels of hesperidin in Citrus sinensis (cv Va-
lencia Late) fruits cultivated in Cuba are higher than those
cultivated in Spain, while the opposite is true for the
naringin levels in Citrus paradisi (cv Marsh) fruit. There
are also clear differences between the principal flavanone

and the level accumulated in the fruit of Citrus aurantifolia
(cv Persa) according to where it is grown. Thus, the prin-
cipal flavanone in the Cuban grown fruit is naringin with
levels of around 3 %, while the same variety in Spain shows
very low levels, the principal flavanone being hesperidin
(around 0.9 %).

Table II. Levels of the principal flavanones present
in fruits of different species of Citrus:
(A) Cuba (B) Spain

           Plant material Flavanones (mg.100 g-1 dw)
    Naringin    Hesperidin

Citrus sinensis (A)          - 8670 ± 460
(cv. Valencia Late) (B)          - 3040 ± 630
Citrus paradisi (A) 5560 ± 248          -
(cv. Marsh) (B) 7722 ± 180          -
Citrus aurantifolia (A) 2930 ± 324          -
(cv. Persa) (B)     27 ± 6   890 ± 39

We conclude that the biosynthesis of these
compounds depends on different environmental and
nutritional factors as well as on genetic factors, in
accordance with previous observations (Ana Ortuño et al.,
1995). Therefore and bearing in mind that it may also be
possible to modify the synthesis and/or accumulation of
these secondary metabolites by regulating the associated
growth and cell differentiation processes (del Río et al.,
1995; García Puig et al., 1995; Ana Ortuño et al., 1995),
it is quite centainly possible to reach a level of
accumulation which would make the isolation and
exploitation of these flavanones a viable commercial
proposition.
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