.D

v

ISSN : 0974 - 7508 Volume 9 Issue 5

Natural Products

A Tndéian Yournal

——r>  [ull Paper
NPAIJ, 9(5), 2013 [175-179]

Superheated liquid extraction of the phenolic fraction from
alperujo, a semisolid residue

Oscar F.Mijangos-Ricardez'*, Jaime L 6pez-Luna®

Juarez, Oaxaca, C.P. 68725, (MEXICO)

71230, (MEXICO)
E-mail: osr amin@hotmail.com

ABSTRACT

Nature has evolved overtime to produce a bewildering diversity of sec-
ondary metabolites. Based on empirical observationsand 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 extravirgin olive oil processing). Opti-
mization of the variables influencing the extraction step (based on se-
guential static and dynamic modes) for alperujo and each compounds
phenol family was performed by multivariate approachesin al instances.
Optimization was based ontest 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 pg/g), myricetin (2.55 pg/g), catechin (2.23 pug/g) and epicatechin
(1.98 ug/g)., wereidentified. ~ © 2013 Trade SciencelInc. - INDIA
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used to accel erate extraction!?.

Ontheother hand, superheated liquidscan bean

Alperujo-isasemisolid residue from the two—phase
decantation process used in the olive-oil industry to
obtain extra—virgin olive—oil¥, ischaracterized for con-
taining important polar and nonpolar compounds?;
thus, afull analysisof thisresidue necessarily involves
leachingitspolar and nonpolar fractions. The extrac-
tion of thephenalicfractionfrom dperujoisusudly car-
ried out by stirring using methanol—water and ethanol—
water mixturesat different ratios depending onthetar-
get andytes Auxiliary energiesasultrasound have been

attractiveindustrid dternativefor theextraction of these
compoundswith two fundamenta advantagesover con-
ventionad techniques, namdly: (a) raising thetempera:
ture abovetheboiling point of the solvent increasesthe
diffusion rate, solubility and masstransfer of thecom-
pounds and decreasestheviscosty and surfacetension
of the solvent. These changesimprovethe contact of
the compoundswith the sol vent and enhance extrac-
tion, which can then be achieved morergpidly and with
less sol vent consumption as compared with conven-


mailto:osramin@hotmail.com

176

Superheated liquid extraction of the phenolic fraction from alperujo

NPAIJ, 9(5) 2013

Full Paper ce—

tiona industria methods. (b) Theabsenceof light and
ar sgnificantly reduce both degradation and oxidation
of thesecompounds during extraction*. Additionaly,
insuperheated liquid extraction (SLE), apressurehigh
enough to maintaintheextractant inliquid state above
itsboiling point isapplied: under these conditionsthe
extractant polarity decreases. Thesefacts accelerate
the physical—chemical processes of cleaving of bonds,
masstransfer, and solubilization of theresulting com-
pounds, increasing the process efficiency!”.

Theaim of thisresearch wasto devel op methods
based on the use of superheated-liquid extractants to
obtainflavonoidsfromdperujofor their potentia usein
medicine, pharmaceutica's, cosmeticsand food indus-
tries.

EXPERIMENTAL

Samples

Alperujo- A mixture of dperujo from different cul-
tivarsobtainedin the 2009/2010 crop season wastaken
directly fromtheproductionline, homogenized, diquoted
and stored a —20 °C, until use. Prior to use, the samples
werethawed and dried at 35 °C for 24 h.

Experimental setup

Optimization of theextraction step wasdevel oped
by monitoring the evol ution of the study using thetest
for tota determination of thegivenfamily of target com-
pounds. Then, characterization of theextractswascar-
ried out by liquid chromatography and DAD detection.
Thestudy of aperujo consisted inoptimizing thevari-
ablesthat affect the extraction processfor flavonoids.
Theresponsevariablewasthetotal concentration of
flavonoids cal cul ated by the conventional test. Then,
the separation and quantifi cation of each compoundwas
carried out by LC-DAD.

Apparatusand instruments

Thesuperheated liquid extractor, designed and con-
structedinthelab (Figure 1), consist of thefollowing
units: (a) an extractant container, (b) ahigh pressure
pump (Shimadzu LD—AC10), which pumps the extrac-
tant through the system (c) aselector valve (V) lo-
cated after the pump, which seectstheentrance of ex-
tractant or that of aliquid of gas(N,) streemtodragthe
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system, (d) acoil for preheating the extractant at the
working temperature before entering the extraction
chamber, (€) acylindrical extraction chamber of stain-
lessstedd (200 mm x 10mmid, 15-mL volume) where
the plant materia isplaced. Thischamber isclosed at
both endswith stainlessstedl cap nutsins decontaining
twofiltersinastainlesssted plate (1 mmthick, 12 mm
indiameter) the purpose of whichisto prevent the plant
material to be dragged by the extractant, (f) arestric-
tionvave, V2, which maintainsthe optimum pressure
inthe system, (g) astainless-steel cooling—oil (0.5 m
long, 0.4 mmid) immersed in water at room tempera-
ture, (h) an oven (Konix, Cromatix KNK—2000) where
the extraction chamber is placed and heated.

S

Figurel: Experimental set—up for ic—dynamic superheated
liquid extraction (SLE). (a) extractant container, (b) high
pressurepump, (c) selector valve(V,), (d) coil for preheating,
(e) cylindrical extraction chamber of stainless steel, (f)
restriction valve (V,), (g) stainless-steel cooling—coil, and
(h) oven.

Theabsorbanceof thetarget compoundsin theex-
tractsfor theoverall testswas monitored by aThermo
Spectronic, HeliosgammaUV-visible spectrophotom-
eter (Epsom, Surrey, England).

A HPLC ProStar system (Varian, PaloAlto, Cali-
fornia, USA) consisting of apump (ProStar 240, sol-
vent delivery mixture, adiode array detector (ProStar
330) and an autosampler (ProStar 410) furnished with
acolumn oven and 20 uL sample loop for separation—
quantification of flavonoidswasused.

Theoperationd variableswereoptimized by using
the software Statgraphicsplusv.5.1. for Windows (Stat
Point, Inc., Herndon, V1).

Reagents

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

Theflavonoidscatechin, epicatechin, luteolin-7—glu-
cos deand gpigenin-7—glycoside were purchased from
Extrasynthese (Genay, France). Myricetin, quercetin,
kaempferol and rutinhydratewerefrom Sigma-Aldrich
(St. Louis, USA). The stock—standard solution of each
flavonoid was prepared at 1000 pg/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
solutioninmethanol. Solutionswerestoredat 20°C
inglassviasand kept inthedark until use. O—glycol
(Sigma-Aldrich, St. Louis, USA) was used as external
standard.

Extraction method

Dried aperujo (1 g) was placed inthe extraction
cell of theexperimenta setup. Theassembled cell was
placed in the oven, pressurized to 10 bar by opening
thesdlectingvave(V,), closingtherestrictor vave(V.,)
and pumping 100% ethanol by thepump and bringing
up totheworking temperature (150 °C). The restrictor
vavewasopenfor shortintervaswhilefilling thecell,
to avoid pressureincrease. Oncetherma equilibrium
was reached (which usually took no morethan 2 min,
and was characterized for temperature and pressure
stability), the conditionswere maintained for 10 min
(static extraction time). Dynamic extraction started by
openingtheinlet valveand controlling theoutl et restrictor
to keep the pressureat 10 bar; meanwhilethe extract-
ant was pumped for 5 min at 1 mL/min. The extract
wasthen diluted to 25 mL inavolumetric flask to de-
terminethetotal concentration of flavonoidsby their
respectivetest.

After callecting the extract, the position of the se-
lecting valvewas changed and aN,, stream purged and
dried thesystem.

Total flavonoidsdeter mination

Totd flavonoid content was measured by the alu-
minum chloride colorimetric assay'®. An diquot of 1
mL extract or standard solution of catechin (20, 40,
60, 80 and 100 mg/L torunthecalibrationline) and 0.3
mL 5% NaNO, were added to a 10-mL volumetric
flask containing 4 mL distilled water. After 5min 0.3
mL 10% AICI, were added. At min 6", 2 mL 1 M
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NaOH were added and thetotal volumewas madeup
to 10 mL with distilled water. The solution wasmixed
and the absorbance measured against ablank contain-
Ing thereagent mixture without extract or standard at
510 nm. Thetota flavonoid content was expressed as
ug catechin equivaentsper gram of vegematerid (ug
CE/g).

Chromatogr aphic separ ation and quantification of
flavonoids

Theanaytical columnused wasareversed-phase
Teknokromamediterraneasea,, (0.46 x 15¢cm, 3um),
theinjection volumewas 20 L, and a binary gradient
involved solventsA (methanol) and B (water, 0.066%
phosphoric acid). Theextractswereinjectedinto the
chromatograph and the el ution peaksmonitored at 230,
280, 325 and 350 nm (total elutiontime, 45 min). O—
glycol was used asexterna standard, added to the ex-
tract before being injected into the chromatograph.

RESULTSAND DISCUSSION

Optimization of extraction method of flavonoids
fromalperujo

Inthefirst multivariate screening, the experimenta
variablesoptimized were oventemperature, flow rate
of the extractant and ethanol percent in the aqueous
extractant.

Only one screening study was necessary for the
target family of flavonoidsin aperujo. Therangeswithin
whichthevariableswerestudied arelistedin TABLE
1, where al so appear the optimum valuesfor the ex-
tractant (acidified ethanol, pH 1), flow rate of the ex-
tractant (1 mL/min) and oven temperature (150 °C).

TABLE 1: Optimization of thesuper heated liquid extraction
of flavonoidsof alperujo.

Rangetested

. Optimum

Variable First Second value
design design

Oven temperature(°C) 100-150 150 150
Extract_ant flow rate 0515 1 1
(mL/min)
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
* Univariate optimization with the optimal values of the
multivariate study.

———————, Natural Products
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Theinfluenceof gatic and dynamicextractionwas
studied keeping congtant at their optimal va uesthe vari-
ablesoptimized by themultivariatedesign. Frdt, thestatic
extractiontimewasoptimized fixing thedynamicextrac-
tiontimeat 10 min. Theextraction kineticsfor totd fla-
vonoidsina perujowith optima extractiontimesof 10
and 5 min for the static and dynamic modes, respec-
tively. Under theseworking conditions, theefficiency of
theextraction, expressed astotal concentration of fla-
vonoidsin alperujo, was 30 pg/g.

Conversdly, by conventional extraction by macera-
tionwith stirringfor 24 h, thetota concentration of fla-
vonoidsinaperujowas 15.23 ug/g. Eventhough these
valueswereobtained under the very favorable condi-
tionsof 2 g of aperujo and 50-mL extractant, the con-
centrationswerevery low ascompared with thoseof the
proposed method.

Characterization of flavonoids extracts from
alperujo

Theextracts obtained under the optimal working
conditionswerea so characterized as proposed by the
International Olive Oil Council, adapted for the char-
acterization of flavonoidsinolivetissues, based onlig-

L

uid chromatography (L C) separation and photometric
detection usingaDAD?!. Identification wasbased on
retention times, absorption spectraand comparisonwith
standards, while quantification wasachieved by inter-
polation of the chromatographic area of each target
analytewithinthe calibration curve obtained with the
corresponding standard.

Hgure2 showsthechromatogram of flavonoidsfrom
aperujo. Thecdibration equationsof theandytesiden-
tified wererun using commercid standardsand the pesk
area, according to the standard concentration for each
compound. Thedetection limit (DL) of each analyte
wasexpressed asthe concentration that providedasgnd
that was 3o timestheblank signd (wherec isthe stan-
dard deviation of theblank signal). DLswere between
0.02and 0.10 ug/mL for all anaytes. The quantifica-
tionlimit (QL), expressed astheconcentration of andyte
that gaveasignal 10c timestheblank signal, ranged
between 0.09 and 0.35 pg/mL for dl analytes. Thefla
vonoidsquantifiedintheextractsfrom alperujoyields
thefollowing concentrationsin the plant: quercetin 2.82
ug/g, myricetin 2.55 ng/g, catechin 2.23 ng/g and
epicatechin 1.98 ug/g.

“ia an
Figure2: LC-DAD chromatogram of flavonoids from alperujo
and 4, quer cetin. M onitoring wavelength, 325 nm.

Recent studieshave shownthat catechin, myricetin
and quercetin found in green and black teawork as
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kL1 =
. Identified compounds: 1, catechin; 2, epicatechin; 3, myricetin;

antioxidantg***Y. Infact, people who consume prod-
uctsrichintheseflavonoidsasbeingthe mgor dietary
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antioxidants, satisticaly havelower risksof cardiovas-
cular diseased 2%,

CONCLUSIONS

Indperujo, theuse of superheeted liquidsin static—
dynamic modesreducestheextractiontimeto 15min
(staticand dynamicregimes: 10 and 5 min, respectively)
compared with 24 h required by the conventional
method of maceration by constant agitation for fla-
vonoids. Inaddition, theefficacy of superheated liquids
to extract the target compound from this, very con-
taminant raw materid, thesimplicity of the experimen-
tal design (withlow acquisition and maintenance costs),
the use of low—toxic ethanol-water mixtures as
extractants (substituting very toxic extractantsused to
date such asmethanol—water mixtures or hexane) and
thelow costsof theraw material maketheindustrial
implementation of the proposed method advisable.

Findly, the pharmaceutical interest of compounds
such ascatechin, myricetin and quercetin with antioxi-
dant and antiinflammatory propertiesand theneed for
natura dyes, opensadoor for extractionfromthisraw
material, which constitutes an interesting way for ex-
ploitetion of thisundesirablewaste of the olive—oil pro-
duction.
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