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ABSTRACT

Microwave-Assisted Extraction (MAE) kinetic in tlrdemperatures was investigated for extraction of
antioxidant phenolic compounds frodatropha dioica, Flourensia cernua, Eucalyptus camaldulensis and
Turnera diffusa which are plants of semiarid regions of Mexico. TWe-site kinetic model and saturation
simple equation were used to describe the expetahdata. The fit of the data demonstrated thatratibn
simple equation was better and could explain the eath a slight loss of goodness of fit. The résul
showed that MAE optimum conditions were extractiemperature of 60°C and extraction time in the eang
from 1 to 6 min. The MAE was more efficient tharethonventional Heat Reflux Extraction (HRE).
Maximal antioxidant potential was observed HEn camaldulensis extracts. Interestingly differences in
phenolic composition and antioxidant activity weteserved in the extracts obtained by MAE and HRE fo
all plants used. Quercetin and catechin were fdaroe the predominant phenolic compounds. The MAE
procedure resulted in suitable alternative to oblédactive phenolic compounds from semiarid plahts

to this technology is higher efficient than convenal methods increasing yield in shorter times.

Keywords: Plant-Extracts, Polyphenols, Antioxidants, Gredre®@istry, Modeling Kinetics

1. INTRODUCTION Recently, synthetic antioxidants have shown serious
side effects. Therefore, exists an interest towegdsarch
The topic about research on antioxidants has beeome on vegetable sources for identifying new antioxidahat
topic of increasing interest and it has increasetiderably ~ could be used in the substitution of natural sulrsta
during the past 10 years (Prigral., 2005) and is tendency antioxidants instead of the synthetic ones (Chaal.,
continuously increasing up to the present day.okidants ~ 2011; Périneet al., 2011; Liet al., 2012).
naturals are gaining importance due to their benddir Vegetable materials contain many compounds with
human health where several studies have established antioxidant activities which are obtained in fornmi o
inverse correlation between the intake fruits apgetables  plants extracts. However, polyphenols are the major
antioxidants and the occurrence of diseases such aglant compounds with antioxidant activity and other
inflammation, cardiovascular disease and cancer tand several activities associated with healthy properti
prevent the deterioration of fats and other carestits of ~ ascribed to their antioxidant activity and free icatl
foods (Moureet al., 2001; Huangt al., 2005; Routray and ~ scavenging abilities (Kahkonenal., 2001; Huangt al.,
Orsat, 2011). In addition to antioxidant activiseveral ~ 2005; Bakkaliet al., 2008).

studies demonstrated the antimicrobial activity imgk Extraction represents the primary step in getting
them a good alternative to antibiotics and chemicalcrude extract from plants. Plant extract have been
preservatives (Oliveira al., 2008). obtained commonly by conventional solvent extractio
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Conventional extraction techniques include soaking,fitting as a function of process conditions of bdkie
maceration, water percolation, soxhlet extractiaspite  extraction medium and the extracting plant matasia
of this, conventional extraction methods have beenuseful tool for an objective, fast and economic
associated with high solvent requirements of toxic assessment of any processes (Karacabaly, 2011).
organic solvents, usually required long extracttone In Mexico have been reported several plant species
which increased risk of degradation of thermo-kbil with several beneficial properties mainly due tovéna
constituents and resulting in low yields of extimect  developed ability to grown under extreme climatic
(Ballardet al., 2010; Chart al., 2011; Wuet al., 2012). conditions. It development a pool of chemical
Moreover, with the increasing energy prices, theedr compounds produced as defense  mechanism
to reduce C@ emissions and eliminate the hazardous environmental. Actually, extracts of this kind dapts
substances used in or generated by a method ieto thhave been used effectively in test as inhibitors
context of green chemistry, food industries ardlehged pathogenic bacterial and fungal (Castiib al., 2008;
to find or development new technologies in order to Jasso de Rodriguezt al., 2011) and antioxidants
reduce energy consumption, product/process safedy a properties have been explored poorly. Besidesetisea
control and for cost reduction and increased qualg lack of knowledge about phytochemicals compounds
well as functionality (Keittet al., 2007; Yanet al., 2010; presents in these plants. Examples of these ptaats
Périnoet al., 2011). dioica (Dragon’s blood)F. cernua (Tar bush)T. diffusa
Over the past decade, various novel extraction(damiana) andE. camaldulensis (Eucalyptus) which are
technigues have been introduced and investigatedf m plants of semiarid region of Mexico.
of which were claimed to be better in terms of Recently, our research has focused on developing
sustainability due to its efficiency and decrease novel processes that will be both economically and
extraction time and solvent consumption. substantially acceptable such as MAE in the isotatf
Interest in Microwave-Assisted Extraction (MAE) the biological active compounds from vegetal materi
has increased significantly over the past 5-10 ygar 10 the best of our knowledge, there is no report
particular medicinal plant research, as a resultef Published on the use of MAE to extract phenolic
inherent advantages as special heating mechanismntioxidants from plants used. Thus, the objectofebie
moderate capital cost and its good performance rundeCUrrent study were to investigate the effects of &ién
atmospheric conditions (Ballaei al., 2010; Charet al.,  the extraction efficiency and recovery of polyphieno

2011). In addition, MAE technique possesses m(,j“.]yantioxidant compounds frond. dioica, F. cernua, T.

advantages compared to other methods for thediﬁugi and E. camaldulensis plants and fit the

extraction of compounds such as bioactive compoundse)(per.Imental datas using empirical models in orer
(Sanchez-Aldanat al., 2013) saving in processing time gggﬁ:g ati(f](l)mds Krgglrggar?ssoer]:uvlva!snzgg?jtrlg\?vn fv(\)/irthjrlggre
3\,?3] IS(;)\:\\//eernzogigthrjui)ét(;a(e:gg?g;aéghsz?r?;trioErc(ﬁl;ctto obtained using conventional heat reflux extraction.
85-fold savings) and waste generation (Hetoal.,
2002; Yanet al., 2010; Yemis and Mazza, 2012). 2. MATERIALS AND METHODS
Therefore, microwave-assisted extraction is améstég, 2 1. Chemicals and Standards
potential and powerful alternative to conventional ) ) )
liquid solvent extraction methods, especially ie ttase Pyrogallol (PG), Gallic Acid (GA), Resorcinol (RS),
of plant material (Haet al., 2002). Chlorogenic Acid (CHA), Methyl Gallate (MG),
Evaluating extractions variables, there are sorolsto Coumaric ~ Acid ~ (CUA), ~ Catechin  (CAT), 2-
based on experimental studies called mathematicaHydroxycinnamic Acid (HA), Ellagic Acid (EA),
models. Mathematical models provide informationt tha Quercetin (QE), Cinnamic Acid (CA), 2,20-diphenyl-1
know-how helps the designers and researchers fied t Picrylhydrazil (DPPH) free radical, linoleic acigpolin-
best design parameters and the most effective gsoce Ciocalteu (FC) reagent were purchased from Sigma-
conditions to optimize purposes and are gainingemor Aldrich. HPLC-grade Acetonitrile (ACN), acid acetic
attention in food systems. It is important to deypel methanol and ethanol were purchased from Labscan.
models for the extraction process where different
extraction operating parameters are optimized for
process economics (Het al., 2008). One of them is The plants used in this study wekelioica (stem and
kinetic model which offers excellent basis for aurv root), F. cernua (stem and leavesy,. diffusa (stem and

2.2. Sample Materials
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leaves) andE. camaldulensis (leaves) collected near stored in eppendorf tubes in refrigeration untié.uShe
Saltillo City, Coahuila, Mexico from January to &un extractions were realized in triplicate. For alleth
2011. The samples were dried for 48 h at 60°C in andeterminations, the extracts were re-suspendedaierw
oven (LABNET International, Inc.,) and then theyreve (1 mg of dried extract/mL).

ground and pass through a 0.6-0.8 mm screen. Tiee fi .
and dried powder was stored in sealed hermetitays 2.5. Total Phenolic Content (TPC)

and under darkness until use in the MAE. TPC in the obtained extracts were estimated by
colorimetric assay according at methodology rembbte
2.3. MAE Procedure Makkar (1999) with some modifications. First, 800 gf

Phenolic compounds were extracted from plantsSample was mixed with 800 pL of Folin and Ciocagteu
using pressurized MAE system (Ethos Synth, Mileston "€@gent. After 5 min, 800 pL of ba0; (0.01M) was added

Bregamo, Italia). Aqueous ethanol was used asaade ~ 2Nd keptfor 5 min. Finally the solution was dibliteith
efficient solvent for the extraction of phenolic 5 mL of distilled water and the absorbance was rad

compounds (Wt al., 2012) and ethanol is used in the 790 nm ((;/a:crlan 50 Bio Spectrr]ophotorgetgr). Galllujoagoo
food industry (Li et al., 2012). In the study MAE V&S _used for constructing the standard curve (0-3C

C o ) e . mgL ™). The results are expressed as mg gallic acid
procedure was carried out as following: 4 g of mate

vegetal dried powder was suspended in 120 mL Ofequlvalents/g of material vegetal
ethanol (50% forJ. dioica and 35% forF cernua, T. 2.6. Antioxidant Activity
diffusa and E. camaldulensis according to previous

studies) in a 240 mL Teflon extraction vessel. Vassel Antioxidant activity was measured only for the

: extracts that presented high amount of polyphenolic
were placed at the center of the_ microwave appam'ld compounds in each vegetal material by MAE and for a
heated to desired temperature in 1 min (contro#}iemd  oyracts  obtained by  conventional  extractions.
after the kinetics was realized at 3, 6 and 9 min. antioxidant activity was measured for two methods,
Microprocessor EasyWAVE 4 software interface allows pppH free radical-scavenging activity and inhibitiof
direct continuous monitoring and control of paragnet the oxidation of linoleic acid.

evaluated. The temperature in the vessel was Hirect ] ) ]
measured using a thermocouple type thermometer. Th&.6.1. DPPH (1,1-Diphenyl-2-Picryl-Hydrazl)
mixture was stirred with a magnetic stirrer bar for Radical Scavenging Activity

homogeneous heating. After microwave heating, the

mixture in the extraction vessel was allowed tolcoo . P
: ; : evaluated as the DPPH free radical-scavenging igctiv
_down (_1 min at 20-24°(_3) using Criolab apparatus andaccording to a method reported by (Bonetezhl? 1%98’7C
immediately filtered using gauze. After, the extsac Molyneux, 2004) with some modifications: 193 pL of
were centrifuged at 3000 rpm during 10 min, filere {he ‘methanolic solution of free radical DPPH (60 )uM
using filter paper fine pore and dried in an ovel6@C  \as added to 7 pL of the sample extract and letisar
for 24 h. Samples were extracted in triplicate éach 30 min at room temperature before the absorbanee wa
plant. Three kinetics extractions were followed tbe measured at 517 nm using a spectrophotometer
three irradiation temperature used (50, 60 and y0°C microplate reader (Epoch, BioTek, Instruments, )nc.
. controlled with the Gen5 Data Analysis software
2.4. Heat-Reflux Extraction (HRE) interface. The free radical-scavenging activity the
With the purpose of compare the extraction efficien ~ extracts was expressed as the percentage of DPPH
of MAE, heat-reflux extraction was performed and reduced and was calculated according to the equatio
considered as conventional method. Previous studies
show the suitable extraction conditions of theséenials Inhibition of DppH(%):M *10C
under reflux-heat. Hence, in the present study,n0 A,
ethanol-aqueous (35%, v/v) was added to 5 g dried )
powder of the materials veget& ¢ernua, T. diffusaand ~ Where, Ac is the absorbance of the control (7 pwafer
E. camaldulensis) and extracted under refluxing at 60°C instead of sample) and As is the absorbance aktimple.
for 2 h of extraction. Fod. dioica, a solid-to-solvent C g .
ratio of 1:15 (g/mL) and ethanol-aqueous (70%, Vv/v) 2.6.2 Lipid Oxidation Inhibition Assay
were used. The extracts were centrifuged, filteaed The antioxidant activity was estimated according to
dried in an oven at 60°C for 24 h. The extractsewer Martinez et al. (2011). The method is based on the

The antioxidant capacity of the obtained extracis w
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spectrophotometric assay of primary products afléit software. MAE experimental data were fitted by
acid peroxidacion (dienes) which may be inhibited o minimization of the sum of squares error to theppsed
stimulated by compounds presents in the extractsmodels. The goodness of fits was assessed using
(Starzynskeet al., 2008). Firsts, the linoleic acid solution determination coefficient @

was prepared by diluting 0.56 g of linoleic acididn5 g ]

of Tween 20 in 8 mL of 96% ethanol. Each plantaetr ~ 2.8.1. Mathematical Models

(50 pL) was mixed with linoleic acid solution (1Q€.)
and 1.'5 mL of 0.02 M acetate buffer (pH 4.0). Colstr empirical mathematical models: Two-site kinetic mbd
contained 50uL of distilled water. The samples were K b | 2011 d saturati ol i
homogenized in vortex and incubated at 37°C foril. m (Karacabeyt al., ) and safuration simple equation

After 1 min, 750uL of 50 M FeC} solution (0.0994 g in ord_er to de_termine the _best model_describing t_he
FeCh, and 0.168 g EDTA diluted to 1 L with distilled behgvpr of.mlcrowave-as.slsted extraction of TPC in
water) were added to induce oxidation of linolaidaTwo ~ Semiarid region plants studied. ,

aliquots (250uL) were taken, at 1 and 24 h. Each aliquot N two-site kinetic model the equation followed was
was processing in the moment as following: Aliquetre

added to 1 mL of 0.1 M NaOH in 10% ethanol to stup Ct=C,[1-[F€™ " - [1- F&*Y ]

oxidation process and diluted with 2.5 mL of 10%gebl.

The absorbance was measured at 232 nm against 1O%here'

ethanol blank. Percent inhibition of linoleic adgidation '
was calculated with the following equation:

MAE overall experimental data were fitted with thre

C; = The solute a concentration in liquid phase any
time t (mg solute A/g vegetal material)

(A-B) Ceq = The equilibrium solute a concentration (mg
Lipid oxidation inhibition (%):T *10C solute A/g vegetal material)
F = The fraction of the solute released quickly

. . (1-F) = The fraction of the solute released slowly
where, A is the difference between the absorbafhd&eo ki = The first-order rate constant describing the fast

control sample (distilled water) after 24 h and lofh released fraction (mit) and
incubation and B is the difference between the e k, = The first-order rate constant describing the slow
of each extract sample after 24 h and 1 h of indwma . -

released fraction (mifh)

2.7. HPLC Analysis Saturation simple equation was considered to
The extracts obtained under same conditions of thedescribe the extraction kinetics of a target conmglointo

extracts used in the antioxidant activity were ¢tgel in a liquid solution. Then, the equation was used as:

the HPLC system for the characterization of thenplie

compounds presents. Qualitative analysis was choti¢ C =(Cq )/ (k+1)

in a Varian Pro-Star 330 system equipped with a DAD

detector (Varian Inc., USA). The monitoring wavején Where:

was 280 nm. Fractionation of the samples was pegdr  C, =The solute a concentration in liquid phase any time

on an Pursuit XRs C18 column (5 um, %8®% mm, t (mg solute A/g vegetal material)
Varian Inc.) at 30°C with flow rate of 1 mL/min. 8&6c  c_. =The equilibrium solute a concentration (mg solute
acid (3%) and acetonitrile were used as mobile @has Alg vegetal material)

and B respectively. The injection volume was 10 WL = The constant that describing the released itract
(sample previously filtered through a 0.22 um nylon (min‘l)

membrane). Gradient used was: Initial, 0% B; 0-bh,mi
3% B; 1-3 min, 10% B; 3-8 min, 20% B; 8-13 min, 30%
B; 13-18 min, 50% B. The column was then washed and
reconditioned. All the solutions standard of th#edent .
polyphenolic compounds used were injected in tmeesa 3.1. MAE Procedure Behavior
manner (Ruiz-Martineet al., 2011). In the present study, different temperatures were
2 8. Data Analvsis test_ed for the TPC extraction from several semiarid
y region plants of Mexico using MAE procedure. Two
Nonlinear regression analysis and the fit MAE empirical models (two-site kinetic model and sdiora
experimental data were performed using MicrosoftdEx  simple equation) were assessed to describe thactrin

3. RESULTS
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progress of target compounds during the kineticsallowed the fraction of extractable solute contemhoved

performed. R2 values of each model were considiered
the assessment of model adequaciesbie 1 and 2.
The results implied that both models used couldriles
the extraction of total phenolic compounds pregetie
plants used with the change of temperature in tildied
ranges. However, checking model adequaclesjoica
kinetics displayed lower goodness of fit in the two
kinetics used with respect to the other plants tiise
Generally, saturation simple equation was concluged
be the best model describing the extraction of TiBiGg
MAE procedure in the plants used showing high
performance to explain the experimental data obthin
Depending on the purpose, both equations couldsbd u
to achieve good estimation of extraction systeni®C
under the studied range of temperature at least-for
cernua,T. diffusa and E.camaldulensis. Experimental
date and theoretical curves fitted of MAE procedaire
presented in thEig. 1 and 2

3.2. Model Fitting for MAE Procedure

Two-site kinetic model is knowledge for present
goodness of fit curve extractions, it could beiladtied to
the model has two term groups separately descrithiag
fast and the slow parts of extractidiigure 1A-D shows
the fitted curves for extraction yields of TPC htee
different temperatures using the two-site kinetiodes.
The effect of temperature on the extraction of TPC
indicated the maximum recoveries was reached andro
60-70°C for the four plants studied. The plots shbat
the values calculated from the model adequatelycimat
the experimental values 1R0.98). Models parameters
used to fit the experimental data with this moded a
presented inTable 1 The equilibrium concentrations
calculated for TPC increased with increasing
temperature, however no significant difference are
presented between 60 and 70°Clirdioica, F. cernua
and T. diffusa extracts. In the other hand, asymptotic
values were observed fé. camaldulensis extract with
change of temperature. The equilibrium concentnatib
E. camaldulensis was found to be increased from 50 to
60°C temperatures and slightly decreased with éurth
increase up to 70°able 1). The F values no displayed
change forJd. dioica. In contrast, the values F for F.
cernua show a slight tendency of increase witheiase
in extraction temperature and besides these valees
very close to 1, which indicated that the highettipa of
target solute was removed from material vegetaingur
the fast rate of process. For the diffusa and E.
camaldulensis extracts the influence of increase
extraction temperature on the F values were in piytio
values, implying that fofl. diffusa using 60°C temperature

in
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was faster than the other temperatures, in conivhete
60°C was used inE. camaldulensis the fraction of
extractable solute decreased.

The effects of extraction temperature on the fast a
slow extraction rates constants @nd k, respectively)
were already investigated. The fast extraction rate
constant (K in J. dioica indicated a slight decrease when
70°C were used. In contrast, for F. cernua incr@asiee
temperature caused increase in the fast extractits
constant implying that the extraction at elevated
temperatures (60-70°C) provides the fastest extracif
the quickly release solutes in the very early jpdrthe
extraction. Similar behavior was observed in thst fa
extraction rate constant forT. diffusa and E.
camaldulensis where increase in the temperature from 50
to 60°C caused slightly decreased in the k1 and the
increase with increasing temperature in from 6@Q8C
indicated that 60°C is a point where extractiorougy
of the faster fraction of extractable solute waghily
slower than 50 and 70°C.

Slow extraction rate constants,)(ikfor J. dicica, F.
cernua andT. diffusa no significant change were observed
with increased in the temperature. NeverthelessE.in
camaldulensis shifting the extraction temperature from 50
to 60°C caused an increase in the slow rate canatah
negligible shifting was observed from 60 to 70°C.

Saturation simple equation described best the
experimental data for MAE procedure in the TPC
extraction for the present study. Model parameters,
equilibrium concentration (& and extraction rate
constant (k) were determined by fitting the expeiial
data and are presentedTiable 2 High goodness of fit
for Model equation indicated that extraction of T@n
plants studied could be adequately described by thi
model. The experimental and theoretical extraction
curves are shown in theig. 2A-D. The advantage of
Monod'’s equation against Two-site kinetic modethiat
first one is composed only for two terms whereaosd
one include four terms making the model more
complicated (Karacabegt al., 2011).

In the same way as two-site kinetic model, the
equilibrium concentrations (g of TPC indicated the
increase in those values with increasing tempegatur
from 60 to 70°C inJ. dioica, F. cernua andT. diffusa
extracts and asymptotic values were observedEor
camaldulensis extract where it was found to be higher
value at 60°C temperatur@gble 2). According to the
extraction rate constants, extraction of TPC was
accelerated with the increase in temperature fronto5
70°C when J. dioica were used.
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Fig. 2.Experimental fitting of saturation simple equatimnTPC recovery data obtained at various tempeeatinJ. dioica
(A), F. cernua (B), E. camaldulensis (C) andT. diffusa (D)

Table 1. Predicted equilibrium concentrations and kineticapneters obtained in the two-site kinetic model
Two-site kinetic model

Vegetal material Temperature (°C) MAE  ,,@ng/g) F k (min) ko (min™) R?
50 1.1475 1.0000 14.8042 19.6244 0.9195
J. dicica 60 1.8100 1.0000 14.8042 19.6244 0.9827
70 2.0249 1.0000 14.6585 19.6244 0.9663
50 9.3810 0.9969 1.3176 3.2959 0.9944
F. cernua 60 11.9661 0.9998 2.3980 3.2993 0.9848
70 11.9924 0.9999 2.6630 3.2993 0.9824
50 20.9424 0.9918 1.0629 3.2948 0.9912
E. camaldulensis 60 24.5491 0.9871 0.9261 7.2589 0.9889
70 22.1160 1.0000 1.7740 7.2592 0.9859
50 4.7680 0.9999 2.8665 1.8304 0.9952
T. difussa 60 5.5587 1.0000 2.0413 1.8285 0.9993
70 5.9004 0.9999 3.4282 1.8304 0.9962

Table 2. Predicted equilibrium concentrations and kineticapneters obtained in the saturation simple eqguatio
Saturation simple equation

Vegetal material Temperature (°C) MAE Ce (Mg/g) k (min™) R?
50 1.4500 0.0100 0.9184
J. dioica 60 1.8608 0.0712 0.9840
70 2.2020 0.2321 0.9770
50 10.1437 0.4555 0.9969
F. cernua 60 12.4325 0.1648 0.9874
70 12.4499 0.1469 0.9852
50 23.2701 0.6543 0.9979
E. camaldulensis 60 27.6869 0.7944 0.9972
70 23.2560 0.2655 0.9868
50 4.8942 0.1059 0.9966
T. difussa 60 5.7213 0.1677 0.9980
70 6.0116 0.0689 0.9970
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Contradictorily, forF. cernua adverse influence of increase around of 1 and 3 min fod. dioica, F. cernua and T.
in the temperature on k values was observed implgin  diffusa, however as no significant deference waseoked
slight decrease on the velocity of extraction. &tion rate ~ P€tween 1 and 3 min, 1 min was selected for the nex

constant in thd. diffusa andE. camaldulensis newly were experiment for the$e P'a'_‘ts- Similarly, E)rcal_laldulensis
: . the solvent saturation using 60°C was achievedrataf
observed to have asymptotic values. When 50 an@ 70

were used in the extraction of the TPC the k valuese 6 and 9 minfig. 1c and 29, hence the extract obtained

> ) at 6 min was selected for the next experimentiigrglant.
lower with respect to 60°C. Accordingly, 60°C aecated _
the extraction of TPC in both plants. 3.4. Comparison Between HRE and MAE

3.3. Effect of Temperature and Time in MAE Conventional extraction was performed in order to
evaluate the extraction efficiency of the yieldephblic

. Generally, for all plants used was observed ancomposition and effect in the activity of the ekt
increase in the yield of TPC (mg/g) with increase ysing MAE. As shown inTable 3 there are no
temperature from 50 to 600? and no significant gean  gitterences in the extraction yield whéndioica and F.
was observed from 60 to 70°C. Several studies I"EMA ooy 5 were used in HRE and MAE, however taking into
had shown that increase in the temperatures cesidtrin consideration the time needed for extraction, MAESW

the increase of the yield of the target moleculss a f ; .
; s ound to be the best feasible approach for thedrapid
ggﬁlr(ljolll;:ec%?pl(;rjnr;dds g(ae;al"hg%% el;]'&alihimh?é Itb e erg?ffic:ient extraction of bioactive phenolic conséihds. In
P Y P contrast, there are a significant difference behwd&E

observed in plant cells after exposure to microwave . .
heating. Which microwave energy is absorbed byestlv and MAE for E. car aldule_nss an_d_T. dlf_fusa, where
MAE improve the extraction efficiency in a 50%

causing vibrational effects involves disruptionhgfirogen g _
bonds, rotation of molecules and migration of idghat ~ camaldulensis and 31%T. diffusa extracts and reduced
heats the solvent and the free water moleculestiyire (he extraction time at 1 and 6 min, respectivelfisT
present. The moisture begins to evaporate generatenprove in the extraction efficiency in both plars
pressure within the cell wall that eventually resuh ~ camaldulensis and T. diffusa could be due to these
opening of the cell matrix or cell rupture and liacithe plants have structure less rigid and contained more
release of active constituents and allowing theatigion free water possibly increasing the degree of cell
into the solvent and, therefore improving extractjgeld rupture. Similar results were observed when phenoli
(Ballard et al., 2010; Martinset al., 2010; Charet al., compounds were extracted of tomato cultivar using
2011). Although is knowledge that an increase i@ th MAE extraction (Li et al., 2012). These authors
temperature causes a decrease in solvent vis@®itan  observed that increasing the temperature allowed
increase in diffusion, increasing the extracticicincy. increase in the yield and reduced in the extradiine.
Moreo_ver,_lr_lcrease_ In temperature causes an Ireneas The effect of the MAE procedure and HRE on the
the diffusivity, which accelerated th_e rate of mass Tpc yield is shown in th@able 3. In the same way, a
transfer and therefor_e reduced extraction time éHal ., significant increase (72%) in TPC was obtained tfe
2008) as was described before. However, the efiect \jaE as compared to that of the same sample extiacte
temperature on the quality of the phy_tochem|cals of using the HRE method. On the other hand Jfatioica,
interest depends strongly of the kind of target £ o a and T. diffusa was observed that TPC was
compounds (Liet al., 2012). For polyphenols, the o ined in the same levels between MAE and HRE.
problem with the use of very high temperatureshi t Nevertheless, interestingly the HPLC profiles of A
may allow side reactions as thermal degradatiothef v ) | Ingly the i profiies of
phenols (Hoet al., 2008; Ballarckt al., 2010; Yaret al., and HRE extracts were not glmllar at least Jodioica
2010; Wuet al., 2012). It could explain the fact thag,C and F. cernu_a}T(a.bIe 4)! which suggests t_hat MAE
values increase from 50 to 60°C and after decrease@used modifications in the polyphenolic extracts
from 60 to 70°C. Hence, according to the previously composition but no in the TPC. [h dioica using MAE

discussed, 60°C was selected as the optimumProcedure allowed the extraction of the quercetin
temperature for extraction in all p|ants_ Compound which it was detected in the HPLC analySiS

The effect of the extraction time is a point very for MAE and not in HRE extracts. In contrast, whHen
important in the obtaining of extracts and is nsagsto  cernua was used in MAE procedure two from three
select a proper extraction time to assure the campl compounds obtained in HRE were not detected in HPLC
extraction of the target compounds. Resulign 1 and 2 analysis, chlorogenic and coumaric acids. These
shows that the solvent saturation using 60°C whieeed compounds are slightly similar in its structure,ieth
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indicated that MAE irradiation affected directly these In contrast, interestingly differences between Mkt
compounds and could originate its degradation. HRE were observed in antioxidant activity whendipi
Notwithstanding, MAE procedure allowed to the oOxidation inhibition was tested~{g. 3B). The extracts
extraction of four important different phenolic obtained by MAE procedure id. dioica were higher
compounds in F. cernua extracts using MAE procedurethan extracts obtained by HRE with an increase0865
as namely pyrogallol, resorcinol, methyl gallatedan N the inhibition of lipid oxidation, approximately
catechin. Only, quercetin compound was presenhén t While in F. cernua extracts the activity was higher
both method extraction MAE and HRE in F. cernua. In USing HRE procedure than MAE in an 30%. The HPLC
E. camaldulensis and T. diffusa similar profiles were analysis Table 4), could explain these results, as
observed under the MAE conditions as comparedédo th discussed before, using MAE affected positively the
conventional extraction method indicated that no SOMPOsition inJ. dioica, while in F. cernua some

. polyphenolic compounds were degraded causing
phenolic compounds were degradé’@lﬂe 4. Actua}lly, decreased in the activity antioxidant. Despite thaf.
there are no reports for the extraction of TPChese

. . cernua appears other compounds, it could be in low
plants using MAE. However, our results are in

P concentration and the compounds degraded could be
accordance with findings by other researchers & t e mainly responsible in the contribution of lipid

extraction of phenolic compounds from differentmila  oxjgation ~inhibition. Similarly, in the antioxidant
materials by MAE, where a few minutes are need t0actjvity of E. camaldulensis extracts obtained by MAE
extract the total phenolic content using MAE (Yaral.,  procedure was observed higher lipid oxidation
2010; Aspé and Fernandez, 2011gtal., 2012). inhibition than HRE extractsF{g. 3B). According to
. . the results obtained in TPC yield@iable 3) and HPLC

3.5. Antioxidant Capacity assays Table 4), the yield was increased in MAE and

Figure 3 shows the potential antioxidant (DPPH only one predominant phenolic compound was
and lipid oxidation inhibition) of the extract olnad observed in the both extracts (MAE and HRE)
by MAE and HRE procedure for all plants used. A¢ th suggesting that the increase in its activity obeérin
concentration used (1 mg i) the extracts of F. MAE could be relation whit an increase in the prese
cernua, T. diffusa and E. camaldulensis shows the and concentration of this compound. Zuorro and
higher antioxidant capacity in DPPH radical scawegg Lavecchia (2013) reported that phenolic compounds
around of 80%, in both extraction methods, MAE and extraction was correlated to antioxidant acitivtpm
HRE (Fig. 3A). Lower DPPH radical scavenging was other plant material, however generally in our case
obtained inJ. dioica extracts, with 26% approximately. correlations were observed.

100 - w ERE 100 - i
-~ N MAE R SMAE
°: 80 k £ 80 ‘ [
:J N [ =1
R = =N
5 = N \
g 607 2ol \ \ L
; R i
R
= 404 = 40 § N\
= %
= | o SN
2 204 Y ;: 20 1 \
2 20 \
N
01 IR AN N AN Nl N\ AN N N
Jdioica  F.cerma E. T difussa J.dioica  F.cerma E. T difussa
camaldilensis camaldulensis

Q) B)

Fig. 3. Percentages of antioxidant activity in DPPH fredical scavenging (A) and lipid oxidation inhibitigB) tests of the extracts
obtained in MAE and HRE
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Table 3. Comparison between extraction and TPC yields nbthin MAE and HRE extracts under each conditi@hscsed

J. dicica F. cernua E. camaldulensis T. diffusa

Extraction TPC yield Extraction TPC yield Extracti  TPC yield Extraction TPC yield
Method yield (%) (mg/g) yield (%) (mg/g) yield (%) (mg/g) yield (%) (mg/g)
HRE 10.34+1.58 2.34+0.93 14.07+0.75 10.24+1.19 381270 14.12+3.22 9.95+0.60 4,70+0.38
MAE 10.50+0.57 1.80+0.48 15.54+1.22 10.91+0.52 BBI035 24.29+4.61 13.0940.77 5.44+0.54

Tabla 4. Comparison of the phenolic compounds profile dettby HPLC assay in the MAE and HRE extracts
Plants extracts

J. dioica F. cernua E. camaldulensis T. diffusa

Phenolic Retention
compound Time (min) HRE MAE HRE MAE HRE MAE HRE MAE
Pyrogallol 6.50 - - - + - - - -
Gallic acid 7.46 - - - - - - - -
Resorcinol 9.51 - - - + - - - -
Chlorogenic acid 11.05 - - + - - - - -
Methyl gallate 12.99 - - - + - - - -
Coumaric acid 15.09 - - + - - - - -
Catechin 15.65 - - - + + + - -
2-hydroxycinnamic acid 17.76 - - - - - - - -
Ellagic acid 18.83 - - - - - - - -
Quercetin 20.11 - + + + - - + +
Cinnamic acid 21.05 - - - - - - - -
Presence (+) and absence (-)

4. DISCUSSION 5. CONCLUSION

Several studies have shown that the phenolics with ~The results obtained of solid-liquid extractionT#?C
multiple hydroxyl groups are generally the mostosht ~ USing MAE procedure were accurately described with
for preventing lipid oxidation (Mouret al., 2001). For ~ theé models used in the present study. The best

T. diffusa extracts no significant differences between €mperature of extraction was 60°C, resulting in an
MAE and HRE procedures were observed in lipid INCréase on TPC yield and reduced the time fronrshou

oxidation inhibition with 60% of activity Rig. 3b).  t© minutes. The MAE procedure is a good alternaftive

Quality and quantity of the extracts dependent haf t the extraction of natural antioxidants in the seidia
target compounds structures, natural sources aeldf pladnts.lf_. czml?ule?s_? exltract V\t/as Slthg. higher in t-rl;PC
processes (Karacabeyl, 2011, s oxlain tho fact 216 MO S, n convest doe wave
that with MAE procedure obtained different phenolic - . e X i
composition in the extracts. These findings sugé activity. MAE procedure is a promising technique in
MAE procedure is an alternative method to obtain :,ﬁ/?r\gen% e?l];allt;ozﬁg\t/aei ngglgp\?vl;r;dsbuotf fSrlg]n; sltnsd?en
extracts with high potential antioxidants of thgdants L : y ;

in a few minuq[esp compared with the cor?gentional gbout_ optimization in MAE _procedure in the plants
method. MAE has ’a pronlzising future, due to the grea investigated is necessary in order to evaluate all

: parameter that affect the extraction efficiencysdlit is
advantages and the development of equipment fgedar  jhortant to mention that is necessary to deterrtiee
scale commercial operation (Taamadi al., 2012).

; ) bioavailability the phenolic compounds of the estsa
Besides, the extracts obtained are a source ofratatu

antioxidants which could be used in the food induds 6. ACKNOWLEDGEMENT
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