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Nature has evolved overtime to produce a bewildering diversity of sec-
ondary metabolites. Based on empirical observations and folklore, natural
product extracts were the first, and for a long time, the only medicines
available to mankind. In this research superheated liquid extraction was
applied to isolate phenolic compounds (flavonoids) from alperujo (the
semisolid residue generated after extra virgin olive oil processing). Opti-
mization of the variables influencing the extraction step (based on se-
quential static and dynamic modes) for alperujo and each compounds
phenol family was performed by multivariate approaches in all instances.
Optimization was based on test for measurement of flavonoids (alumminium
chloride colorimetric assay). Under the optimal conditions the extraction
kinetics were studied in order to maximize isolation efficiency for each
target compound family. Separation and quantification of individual com-
pounds from each phenol was performed by LC�DAD. Flavonoids quer-

cetin (2.82 ìg/g), myricetin (2.55 ìg/g), catechin (2.23 ìg/g) and epicatechin
(1.98 ìg/g)., were identified.  2013 Trade Science Inc. - INDIA

INTRODUCTION

Alperujo� is a semisolid residue from the two�phase

decantation process used in the olive�oil industry to

obtain extra�virgin olive�oil[1], is characterized for con-
taining important polar and nonpolar compounds[2];
thus, a full analysis of this residue necessarily involves
leaching its polar and nonpolar fractions. The extrac-
tion of the phenolic fraction from alperujo is usually car-
ried out by stirring using methanol�water and ethanol�

water mixtures at different ratios depending on the tar-
get analytes. Auxiliary energies as ultrasound have been

used to accelerate extraction[3].
On the other hand, superheated liquids can be an

attractive industrial alternative for the extraction of these
compounds with two fundamental advantages over con-
ventional techniques, namely: (a) raising the tempera-
ture above the boiling point of the solvent increases the
diffusion rate, solubility and mass transfer of the com-
pounds and decreases the viscosity and surface tension
of the solvent. These changes improve the contact of
the compounds with the solvent and enhance extrac-
tion, which can then be achieved more rapidly and with
less solvent consumption as compared with conven-
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tional industrial methods. (b) The absence of light and
air significantly reduce both degradation and oxidation
of these compounds during extraction[4-6]. Additionally,
in superheated liquid extraction (SLE), a pressure high
enough to maintain the extractant in liquid state above
its boiling point is applied: under these conditions the
extractant polarity decreases. These facts accelerate
the physical�chemical processes of cleaving of bonds,

mass transfer, and solubilization of the resulting com-
pounds, increasing the process efficiency[7].

The aim of this research was to develop methods
based on the use of superheated�liquid extractants to

obtain flavonoids from alperujo for their potential use in
medicine, pharmaceuticals, cosmetics and food indus-
tries.

EXPERIMENTAL

Samples

Alperujo� A mixture of alperujo from different cul-
tivars obtained in the 2009/2010 crop season was taken
directly from the production line, homogenized, aliquoted
and stored at �20 ºC, until use. Prior to use, the samples

were thawed and dried at 35 ºC for 24 h.

Experimental setup

Optimization of the extraction step was developed
by monitoring the evolution of the study using the test
for total determination of the given family of target com-
pounds. Then, characterization of the extracts was car-
ried out by liquid chromatography and DAD detection.
The study of alperujo consisted in optimizing the vari-
ables that affect the extraction process for flavonoids.
The response variable was the total concentration of
flavonoids calculated by the conventional test. Then,
the separation and quantification of each compound was
carried out by LC�DAD.

Apparatus and instruments

The superheated liquid extractor, designed and con-
structed in the lab (Figure 1), consist of the following
units: (a) an extractant container, (b) a high pressure
pump (Shimadzu LD�AC10), which pumps the extrac-

tant through the system (c) a selector valve (V
1
) lo-

cated after the pump, which selects the entrance of ex-
tractant or that of a liquid of gas (N

2
) stream to drag the

system, (d) a coil for preheating the extractant at the
working temperature before entering the extraction
chamber, (e) a cylindrical extraction chamber of stain-
less steel (200 mm x 10 mm id, 15�mL volume) where

the plant material is placed. This chamber is closed at
both ends with stainless steel cap nuts inside containing
two filters in a stainless steel plate (1 mm thick, 12 mm
in diameter) the purpose of which is to prevent the plant
material to be dragged by the extractant, (f) a restric-
tion valve, V2, which maintains the optimum pressure
in the system, (g) a stainless�steel cooling�coil (0.5 m

long, 0.4 mm id) immersed in water at room tempera-
ture, (h) an oven (Konix, Cromatix KNK�2000) where

the extraction chamber is placed and heated.

Figure 1 : Experimental set�up for ic�dynamic superheated

liquid extraction (SLE). (a) extractant container, (b) high
pressure pump, (c) selector valve (V

1
), (d) coil for preheating,

(e) cylindrical extraction chamber of stainless steel, (f)
restriction valve (V

2
), (g) stainless�steel cooling�coil, and

(h) oven.

The absorbance of the target compounds in the ex-
tracts for the overall tests was monitored by a Thermo
Spectronic, Helios gamma UV�visible spectrophotom-

eter (Epsom, Surrey, England).
A HPLC ProStar system (Varian, Palo Alto, Cali-

fornia, USA) consisting of a pump (ProStar 240, sol-
vent delivery mixture, a diode array detector (ProStar
330) and an autosampler (ProStar 410) furnished with
a column oven and 20 ìL sample loop for separation�

quantification of flavonoids was used.
The operational variables were optimized by using

the software Statgraphics plus v.5.1. for Windows (Stat
Point, Inc., Herndon, VI).

Reagents

HPLC�grade ethanol, methanol, acetonitrile, so-
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dium carbonate and ortophosphoric acid were obtained
from Panreac (Barcelona, Spain).

The flavonoids catechin, epicatechin, luteolin�7�glu-

coside and apigenin�7�glycoside were purchased from

Extrasynthese (Genay, France). Myricetin, quercetin,
kaempferol and rutin hydrate were from Sigma�Aldrich

(St. Louis, USA). The stock�standard solution of each
flavonoid was prepared at 1000 ìg/mL by dissolving

0.01 g each in 10�mL methanol. The standard solu-

tions, which contained the 8 flavonoids, were prepared
by dilution of the appropriate volume of each stock
solution in methanol. Solutions were stored at � 20 ºC
in glass vials and kept in the dark until use. O�glycol

(Sigma�Aldrich, St. Louis, USA) was used as external

standard.

Extraction method

Dried alperujo (1 g) was placed in the extraction
cell of the experimental setup. The assembled cell was
placed in the oven, pressurized to 10 bar by opening
the selecting valve (V

1
), closing the restrictor valve (V

2
)

and pumping 100% ethanol by the pump and bringing
up to the working temperature (150 ºC). The restrictor

valve was open for short intervals while filling the cell,
to avoid pressure increase. Once thermal equilibrium
was reached (which usually took no more than 2 min,
and was characterized for temperature and pressure
stability), the conditions were maintained for 10 min
(static extraction time). Dynamic extraction started by
opening the inlet valve and controlling the outlet restrictor
to keep the pressure at 10 bar; meanwhile the extract-
ant was pumped for 5 min at 1 mL/min. The extract
was then diluted to 25 mL in a volumetric flask to de-
termine the total concentration of flavonoids by their
respective test.

After collecting the extract, the position of the se-
lecting valve was changed and a N

2
 stream purged and

dried the system.

Total flavonoids determination

Total flavonoid content was measured by the alu-
minum chloride colorimetric assay[8]. An aliquot of 1
mL extract or standard solution of catechin (20, 40,
60, 80 and 100 mg/L to run the calibration line) and 0.3
mL 5% NaNO

2
 were added to a 10�mL volumetric

flask containing 4 mL distilled water. After 5 min 0.3
mL 10% AlCl

3
 were added. At min 6th, 2 mL 1 M

NaOH were added and the total volume was made up
to 10 mL with distilled water. The solution was mixed
and the absorbance measured against a blank contain-
ing the reagent mixture without extract or standard at
510 nm. The total flavonoid content was expressed as
ìg catechin equivalents per gram of vege material (ìg
CE/g).

Chromatographic separation and quantification of
flavonoids

The analytical column used was a reversed�phase

Teknokroma mediterranea sea
18

 (0.46 x 15 cm, 3 ìm),
the injection volume was 20 µL, and a binary gradient

involved solvents A (methanol) and B (water, 0.066%
phosphoric acid). The extracts were injected into the
chromatograph and the elution peaks monitored at 230,
280, 325 and 350 nm (total elution time, 45 min). O�
glycol was used as external standard, added to the ex-
tract before being injected into the chromatograph.

RESULTS AND DISCUSSION

Optimization of extraction method of flavonoids
from alperujo

In the first multivariate screening, the experimental
variables optimized were oven temperature, flow rate
of the extractant and ethanol percent in the aqueous
extractant.

Only one screening study was necessary for the
target family of flavonoids in alperujo. The ranges within
which the variables were studied are listed in TABLE
1, where also appear the optimum values for the ex-
tractant (acidified ethanol, pH 1), flow rate of the ex-
tractant (1 mL/min) and oven temperature (150 ºC).

Range tested 
Variable First 

design 
Second 
design 

Optimum 
value 

Oven temperature(0C) 100�150 150 150 

Extractant flow rate 
(mL/min) 

0.5�1.5 1 1 

Ethanol percent in the 
extractant(%) 

50�100 100 100 

Static extraction time(min) * 5,10,15,20,25 10 

Dynamic extraction time(min) * 5,10,15,20,25 5 

TABLE 1 : Optimization of the superheated liquid extraction
of flavonoids of alperujo.

* Univariate optimization with the optimal values of the
multivariate study.
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The influence of static and dynamic extraction was
studied keeping constant at their optimal values the vari-
ables optimized by the multivariate design. First, the static
extraction time was optimized fixing the dynamic extrac-
tion time at 10 min. The extraction kinetics for total fla-
vonoids in alperujo with optimal extraction times of 10
and 5 min for the static and dynamic modes, respec-
tively. Under these working conditions, the efficiency of
the extraction, expressed as total concentration of fla-
vonoids in alperujo, was 30 ìg/g.

Conversely, by conventional extraction by macera-
tion with stirring for 24 h, the total concentration of fla-
vonoids in alperujo was 15.23 ìg/g. Even though these
values were obtained under the very favorable condi-
tions of 2 g of alperujo and 50�mL extractant, the con-

centrations were very low as compared with those of the
proposed method.

Characterization of flavonoids extracts from
alperujo

The extracts obtained under the optimal working
conditions were also characterized as proposed by the
International Olive Oil Council, adapted for the char-
acterization of flavonoids in olive tissues, based on liq-

uid chromatography (LC) separation and photometric
detection using a DAD[9]. Identification was based on
retention times, absorption spectra and comparison with
standards, while quantification was achieved by inter-
polation of the chromatographic area of each target
analyte within the calibration curve obtained with the
corresponding standard.

Figure 2 shows the chromatogram of flavonoids from
alperujo. The calibration equations of the analytes iden-
tified were run using commercial standards and the peak
area, according to the standard concentration for each
compound. The detection limit (DL) of each analyte
was expressed as the concentration that provided a signal
that was 3ó times the blank signal (where ó is the stan-
dard deviation of the blank signal). DLs were between
0.02 and 0.10 ìg/mL for all analytes. The quantifica-
tion limit (QL), expressed as the concentration of analyte
that gave a signal 10ó times the blank signal, ranged
between 0.09 and 0.35 ìg/mL for all analytes. The fla-
vonoids quantified in the extracts from alperujo yields
the following concentrations in the plant: quercetin 2.82
ìg/g, myricetin 2.55 ìg/g, catechin 2.23 ìg/g and
epicatechin 1.98 ìg/g.

Figure 2 : LC�DAD chromatogram of flavonoids from alperujo. Identified compounds: 1, catechin; 2, epicatechin; 3, myricetin;
and 4, quercetin. Monitoring wavelength, 325 nm.

Recent studies have shown that catechin, myricetin
and quercetin found in green and black tea work as

antioxidants[10,11]. In fact, people who consume prod-
ucts rich in these flavonoids as being the major dietary
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antioxidants, statistically have lower risks of cardiovas-
cular diseases[12,13].

CONCLUSIONS

In alperujo, the use of superheated liquids in static�
dynamic modes reduces the extraction time to 15 min
(static and dynamic regimes: 10 and 5 min, respectively)
compared with 24 h required by the conventional
method of maceration by constant agitation for fla-
vonoids. In addition, the efficacy of superheated liquids
to extract the target compound from this, very con-
taminant raw material, the simplicity of the experimen-
tal design (with low acquisition and maintenance costs),
the use of low�toxic ethanol�water mixtures as

extractants (substituting very toxic extractants used to
date such as methanol�water mixtures or hexane) and

the low costs of the raw material make the industrial
implementation of the proposed method advisable.

Finally, the pharmaceutical interest of compounds
such as catechin, myricetin and quercetin with antioxi-
dant and antiinflammatory properties and the need for
natural dyes, opens a door for extraction from this raw
material, which constitutes an interesting way for ex-
ploitation of this undesirable waste of the olive�oil pro-

duction.
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