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Summary

The use of capillary electrophoresis for the analysis of
Selected flavonols present in fruit juices and wines
_(kaempferol-3- rutinoside, rutin, avicularin, quercitrin,
180quercitrin, isorhamnetin, kaempferol and quercetin)
Was explored, and the effect of pH and temperature on
the separation studied. The method had good repro-
dl{(:ibility and analyses were carried out in less than 10
Minutes,

Introduction

Flavonoids are a large group of naturally occurring sub-
Stances widely distributed in vegetables, fruits and med-
I¢inal plants, and a great diversity of chemicals struc-
tures has been encountered. They have the basic skele-
ton of 2-phenylbenzopyrone, and differ in their degree
of saturation and position of hydroxyl, methoxyl and
Sugar residues. Among the flavonoids, flavonols are one
0f_ the most important groups. They are the flavonoids
With a higher degree of oxidation on the heterocycle.
hey were originally found in plants as conjugated gly-
Cosides or in the free state (aglycones), though from the
literature it is not always clear whether or not aglycones
May have been released during the extraction proce-
dure [1]. We can find these substances not only in the
Original plant or fruit but also in the products derived
from them, such as fruit juice and wine [2-4].
Analysis has mainly been by thin-layer chromatography
(TLC) [5, 6] and reversed-phase high-performance
h}lHid chromatography (RP-HPLC) [7-12). The analy-
$15 of these compounds by HPLC is carried out on C-18
Columns, using as mobile phase mixtures of water and
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organic solvents such as methanol, acetonitrile or tet-
rahydrofuran, with a small amount (1-5 %) of an acid
(formic, acetic or phosphoric). The pH interval recom-
mended is 2-7. Elution can be achieved in isocratic or
gradient mode.

Recently, capillary electrophoresis (CE) has been pro-
posed as a complementary technique {13, 14]. In this
paper, the use of CE for the analysis of selected
flavonols present in fruit juices and wines is explored,
and the effect of pH and temperature on the separation
studied. These compounds can be analyzed easily and
rapidly by high-performance CE.

Experimental

Chemicals

Standard flavonols, including one kaempferol glycoside
(kaempferol-3-rutinoside), four quercetin glycosides
(quercetin-3-rutinoside -rutin-, quercetin-3-arabinoside
-avicularin-, quercetin-3-rhamnoside -quercitrin- and
quercetin-3-glucoside -isoquercitrin-) and three flavo-
nol aglycones (isorhamnetin, kaempferol and quer-
cetin) were from Extrasynthese (Genay, France). Boric
acid and sodium hydroxyde were from Fluka (Buchs,
Switzerland). Methanol was HPLC grade, and water
Milli-QR, from Millipore (Massachusetts, USA).

The sample mixtures were prepared dissolving the
above standards in methanol at a concentration of 1 mg
mi-1,

Apparatus and Conditions

High-performance CE was carried out using a Beckman
(California, USA) P/ACE System 2050 equipped with a
standard cartridge containing a 57 cm length (50 cm to
detector) x 50 um i.d. capillary. The detector was set at
280 nm. Sample injection was by pressure (0.5 psi) for
5 s. The temperature was maintained at 25, 30, 35 or
40 °C and the applied voltage was adjusted to 20 KV.
Capillary conditioning was carried out by washing first
with 0.1 M NaOH for 2 min, and then with water for
1 min. Finally, it was equilibrated by running buffer for
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Figure 1

Electrophoregram of selected flavonols at pH 9.6, T = 25 °C and
V =20 KV. 1 = kaempferol-3-rutinoside, 2 = rutin, 3 = avicularin,
4 = quercitrin, § = isoquercitrin, 6 = isorhamnetin, 7 = kaempferol,
8 = quercetin.

2 min. Running buffers: 0.1 M boric acid, adjusting pH
t0 9, 9.5, 9.6, 10 and 11 by the addition of 1 M NaOH.

Results and Discussion

A good baseline separation of eight different flavonols
is achieved in less than 10 min as illustrated in Figure 1,
where the electrophoregram obtained with buffer
pH 9.6, T =25 °C and V = 20 KV can be seen. At the
selected pH, the flavonols are negatively charged and
would migrate away from the detector towards the
anode. However, due to the large electroosmotic flow in
the system, flavonols are propelled together with the
bulk solution towards the cathode, but at a much lower
rate. Those with highest molecular masses are detected
first, since they are less able to migrate upstream. This is
in accordance with the observation by Seitz et al. (1992)
[13]. Therefore, all the glycosides are eluted before the
aglycones. In the case of aglycones, the lowest migration
time corresponds to isorhamnetin followed by kaemp-
ferol and quercetin. Among the glycosides analyzed,
kaempferol glycoside is eluted before those of quer-
cetin, and the migration time of quercetin derivatives in-
creases as the molecular mass of the linked carbohy-
drate decreases.

Effect of Temperature

The electrophoretic mobility and the electroosmotic flow
depend on viscosity. Viscosity is a function of temperature.
As the temperature increases, the viscosity decreases;
thus, the electrophoretic mobility increases as well. Figure
2 shiows the effect of temperature on the electrophoretic
mobility of flavonols at pH = 10 and 20 KV. Calculation
of electrophoretic mobility (10~ cm?V-1s-1) was based
on the migration time of the solute: :
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Figure 2 C

Effect of temperature on electrophoretic mobility of flavonols at
pH 10 and 20 KV.

be=Lax L/ V xty

where L is total capillary length (cm), L4 capillary
length to detector (cm), V applied voltage (V) and tm
solute migration time (s)

The migration time increases with temperature, and
therefore the electrophoretic mobility increases. This
increase is identical for all the flavonols studied. But,
even though the effect of temperature on electro-
phoretic mobility is clear, there is no influence on reso-
lution, and therefore it is not necessary to increase the
temperature over 25 °C.

Effect of pH

The effect of pH on electroosmotic flow is substantial,
and changes in peak resolution were induced by modify-
ing the pH of the electrolyte. The pH range 9-11 was
chosen to exploit better the influence of electroosmotic
flow on electroosmotic mobility. Figure 3 shows the ef-
fect of pH on the electrophoretic mobility of flavonols
at T =25 °C and 20 KV. At pH 9 and 10 kaempferol-3-
rutinoside and rutin have identical migration times. At
pH 11, the procedure provided a somewhat poorer sep-
aration of flavonols, probably due to their complexation
by borate [14]. The best overall separation for mixture
components was obtained at pH 9.5 and 9.6. According
to Pietta et al. (1994) [14], in this pH interval the electro-
phoretic behaviour is mainly influenced by the type of
sugar linked to the aglycone.

Conclusions

Capillary electrophoresis, due to its high sensitivity and
reproducibility, as well as its short run-times, is a good
method for routine analysis of flavonoids. The effect of
temperature in the electrophoretic mobility is identical
for all flavonols studied, whereas the effect of pH de-
pends on the linked carbohydrate.
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Figure 3

Electrophoregrams at different pH.a=9%;b =95 ¢=96:d =10, e = 11.

Cf)mparing the method used and the results obtained
With those described in the literature for HPLC, CE pre-
Sents certain advantages:

CE allows more analyses in the same time, since analy-
818 time is shorter than 10 min, while 30 [3,9, 10] or more
Minutes [8, 11, 12] are necessary for HPLC, so CE is
faster.

CE does not require solvent gradients, mixtures of sol-
Vents, nor long column equilibration, necessary in
analysis of these compounds by HPLC, so CE is simpler.
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CE does not consume organic solvent (methanol, ace-
tonitrile, THF, etc.) for elution, and in addition, the
capillaries for CE are much less expensive than columns
for HPLC, so CE is more economic.

HPLC presents other advantages. The use of elution
gradients and organic solvents have a very direct in-
fluence in the separation of these compounds and in
their resolution, and permits greater versatility, so it has
wider application in separation of complicated natural
mixtures.
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