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2001). As bee collected pollen is achieving
more interest from consumers, the Echium sp.
pollen has also increasingly been included
in human diet which emphasizes the
importance of studying its nutritional value.
Among commercial bee collected pollen, the
presence of the almost unique blue pellets
of Echium species makes it richer and more
attractive.

Frequently, pollen is considered to have
special stimulatory proprieties in animals but
unfortunately the scientific information
available is scarce. CHaUVIN (1968) and STAN-
ey & Linskens (1974) mentioned several
scientific research works, which refer the
exceptional weight gain in calf, piglets and
broilers fed with pollen supplements.
Krerscumar & Baumany (1999) found very
high levels of caffeine and teofiline in Citrus’
pollen. In the same direction, Kuriach er al.
(2000) showed that Brassica napus and Vi-
cia faba pollen had important levels of
steroidal hormones, which might have
potential effects on animals after consuming.
Nevertheless, the most important aspect
referenced in literature is that pollen has very
strong positive effects in the treatment of
various prostate illnesses, including cancer
(Buck et al., 1989; BRUNETON, 1993).

Some of those effects may be attributed,
to pollen antiradical and antioxidant
activities, since they present high levels of
carotens, xanthophylls, and flavonoids
(STANLEY & LINSKENS, 1974; WIERMANN &
Gunarz, 1992), all related with anticancer
proprieties (BENAVENTE-GARCIA et al., 1997,
Brirron, 2002; HENONEN, 2002).

Concerning pollen flavonoids, they are
already fairly well studied, mainly after
‘Wiermann works (WIERMANN, 1968; WIERMANN
& Vietn, 1983), and more recently, by high-

374

performance liquid chromatography (HPLC)
techniques, for searching specific genetic
markers, making these compounds of real
importance to bee products market (MeURER
etal., 1988; Ferreres et al., 1993; G eral.,
1995; Camrpos, 1996, Martos ef al., 2000).

Although its lipidic content is rather low
(about 2%) (SomMERVILLE, 2001), the Echium
sp. pollen is promptly collected by bees,
contradicting previous works that related
pollen attractiveness with its Kit lipid content
(mainly odoriferous carotenoid derivates).
So, pollen poor in carotenoids would not be
collect by bees but these flowers would be
visited for its nectar reservoirs (LEPAGE &
Brocn 1968; Dossox, 1988, 1991).

Regarding protein content, it is already
known that plant species which produce
pollen with low protein levels, apparently
with no special interest for honeybees that
still visited these flowers as they may present
odorant cues. However, this is not the ca
se of E. plantagineum, which has been
considered one of the five best protein quantity
(35% protein content) and quality sources
in Australia (SommerviLLE, 2001).

The high attractiveness of Echium sp.
pollen to bees can not rely on its protein
content, because bees seem not to recognise
it easily and thus, other factors such as the
visual impact (colour pigments) could be
involved.

Many flowers have visual cues based
on ultraviolet light that appear to be of great
value to attract insects. As E. plantagineum
produces pollen with low levels of essential
oils, its great attractiveness should be
associated with flower and pollen colours
and its ultraviolet-visible bee's perception.
Carrasco et al., (2001), photographed Echium
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sp. flowers with special filters, simulating bee
perception, and found that the flower tube
colour greatly contrasts with the background.
In addition, some almost imperceptible spots
in corolla were revealed. These authors
concluded that this species developed a very
efficient strategy for bee attraction based on
colour, which is due to the presence of
anthocyanins (Harsorne & Masry, 1982).

In the present work, we studied the
flavonoids and anthocyanic fractions of E
plantagineum’s pollen towards a complete
characterisation of the species pollen profile
using HPLC-DAS-MS.

MATERIAL ANDMETHODS

In this study, fresh pollen of E.
plantagineum from the Northern of Portu-
gal was used. The pollen flavonoids and
anthocyanins were identified through HPLC-
DAD and HPLC/MS techniques:

For extraction of such compounds bee
collected pollen was added to 70% aqueous
methanol, agitated, centrifuged at 12.000 g
and passed through a 45 mm mesh.

Acid extraction was performed adding
bee collected pollen to 70% aqueous acidic
(5% formic acid) methanol, centrifuged at
12.000 g and filtered through a 45 mm mesh.

Merck LichroCART 250-4 and LiChros-
pher 100RP-18 (5 mm) columns were used. The
positive Mass Spectroscopy (MS) mode was
used to anthocyanins and negative MS mode
to flavonoids.

For the HPLC, the solvent system was:
Solution A (methanol) and solution B (1%
formic acid in water); the flow rate was ImL/
min and was established the following
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clution gradient: (0 minutes ~ 30% Sol A; 20
minutes - 40% Sol A; 25 minutes - SO% Sol
A; 40 minutes - S0% Sol A and 45 minutes
70% Sol A).

For saponification, 450mL of extract
were added to S0mL of NaOH 4N, placed ina
closed nitrogen atmosphere for 1.5 hour.
Afterwards, 20 mL of this solution was
directly injected on HPLC.

Partial acid hydrolyses was also per-
formed by adding 50 mL of 12N HCl 10 950
mL of the extract refereed above, during 60
hours at room temperature. After this period
20 mL were directly injected on HPLC.
Sequential hydrolysis was carried out each
30 min at 75°C and 85°C, and 20 ml. samples
were directly injected on HPLC.

RESULTS AND DISCUSSION

The chromatographic profiles obtained
from bee collected E. plantagineum pollen
extracts presented as blue pigment the
anthocyanin petunidin-3-rhamnoglucoside,
probably petunidin-3-rutinoside, showing
absorvance peaks at 275 and 529 nm and a
shoulder at 347 nm which revealed the pre-
sence of two sugars (Fig. 1). Mass Spectros-
copy (MS) analysis indicated the presence
of rhamnose and glucose.

The most abundant flavonoid was the
kaempferol-3-glucoside-7-rhamnoside.
Using MS with aid of a partial acid hydrolysis
it was possible to find the connection point
of sugars. A second flavonoid was identified,
the kaempferol-3-(6"-malonylglucoside)-7-
rhamnoside, not yet referred in the literature.
In a previous study of E. plantagineum
pollen it was considered to be kaempferol-3-
glucoside (Camros, 1996).
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