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ABSTRACT.

In this contribution, pressurized liquid extracti(fALE) has been employed to isolate
bioactive compounds from three native Romaniantplasregano@riganum vulgarg
tarragon Artemisia dracunculysand wild thyme Thymus serpylluin Different PLE
conditions have been tested including extractioth wiater, ethanol and their mixtures
in a wide range of extraction temperatures (50-ZD0 and the antioxidant capacity of
the extracts was measured using different assaip®Dradical scavenging, TEAC
assay and Folin-Ciocalteau assay to measure tbtaigtics). Moreover, a complete
chemical characterization by using LC-MS/MS wagiedrout to be able to correlate
the bioactivity with the particular chemical comppms of each extract and plant. The
use of PLE with water as a solvent at the highasiperature (200°C) always provided
the highest extraction yields for the three stugtikeohts, being maximum for oregano (>
60%). Besides, oregano’s pressurized water extractwer temperatures (50°C)
presented the highest content on total phenoli84.81mg gallic acid/g extract) and the
best antioxidant activities (E6.98ug/ml). In general, oregano extracts were the most
active, followed by wild thyme extracts. The antatant capacity measured by DPPH
was highly correlated with the amount of total pblen Moreover, the use of a LC-
MS/MS method allowed the identification of 30 drf@t phenolic compounds in the
different extracts, including phenolic acids, flaes, flavanones and flavonols, which

have an important influence on the total antioxtdapacity of the different extracts.

Keywords: aromatic plants; environmentally clean extractechniques; LC-MS/MS;

phenolic antioxidants; pressurized liquid extrattio
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1. INTRODUCTION.

At present, the increase on the demand for natimalktive compounds that can be used
as functional compounds for the food industry febtb an exhaustive search of new
potential natural sources. Among them, differerdnplspecies have been already
studied in detail [1-3], although there are stuhmerous matrices whose potential is still
unknown [4].

Moreover, nowadays, a great deal of attention igngoegout on the extraction
mechanisms commonly used to obtain these potebittactive compounds. As the
environmental concern is increasing, new greentraeton mechanisms are proposed
to replace conventional extraction techniques tdeamore green and sustainable
processes. Traditional extraction techniques oiteply the use of a great amount of
organic solvents, frequently toxic. Besides, theg &borious, lengthy and not very
selective. In contrast, new advanced and envirotetigririendly extraction techniques
such as pressurized liquid extraction (PLE) ancertrjiical fluid extraction (SFE) are
gaining importance [5] and have been widely empdof@ the extraction of natural
matrices [5].

In this sense, PLE has emerged as a fast extratahmique based on the extraction
with liquids at high temperatures and pressuresigmao keep the solvent in the liquid
state during the whole extraction process. Theiegdn of these particular conditions
allows the attainment of faster extraction processe which less amount of solvents
are used, besides typically obtaining significantliigher yields compared to the
traditional extraction mechanisms. Moreover, a widgiety of solvents may be
employed, most notably water. In this case, thee@®e on temperature, while
maintaining its liquid state, led to a significashtcrease of the dielectric constant of

water, providing solvent properties similar to taad some organic solvents such as
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methanol or ethanol [6]. Therefore, the use of watePLE can be seen as a real
alternative to the use of organic solvents in sapications.

Thus, the aim of the present work was to screeaetltifferent species of native
Romanian plants i.e., oregan@r{ganum vulgar® tarragon Artemisia dracunculys
and wild thyme Thymus serpylluin for bioactivity using advanced extraction
techniques together with different functional ammical characterization techniques.
PLE was used as a green and sustainable extratgidmique while functional
characterization was carried out by using differanvitro assays, including total
phenols determination as well as two different@tiant capacity assays (DPPH and
TEAC). Moreover, extracts were chemically charazest by using a LC-MS/MS

method to correlate the antioxidant activities with particular chemical composition.

2. MATERIALS AND METHODS.

2.1. Samples and chemicals

Three different plants, belonging to three botdrfi@ailies which are commonly grown
in Romania, were chosen for this study: oregafwiganum vulgarg tarragon
(Artemisia dracunculysand wild thyme Thymus serpylluin The plant samples were
obtained from a local herbalist's shop (Galati, Rom) and dried using a traditional
method.

2,2-Diphenyl-1-picrylhydrazyl hydrate (DPPH, 95%rity) was obtained from Sigma—
Aldrich (Madrid, Spain), ethanol from VWR BDH Prbla (Madrid, Spain) and
methanol from Panreac Quimica (Barcelona, Spain),2’-&inobis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) wasrghased from Fluka (Buchs,
Switzerland). Folin-Ciocalteau phenol reagent aadism carbonate (N&O;) were

acquired from Merck (Darmstadt, Germany) wheredxidant standards, i.e., gallic
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acid and 6-hydroxy-2,5,7,8-tetramethylchroman-2oaylic acid (Trolox) were
supplied by Sigma—Aldrich (Steinheim, Germany)..@¢&-48) was provided by Praxair
(Madrid, Spain). The water used was Milli-Q Watbfillipore, Billerica, MA, USA).
For the UPLC-MS/MS analyses, MS grade ACN and wéian LabScan (Dublin,

Ireland) were employed.

2.2. Pressurized liquid extraction (PLE)

PLE extractions of plants were performed using erekerated solvent extractor (ASE
200, Dionex, Sunnyvale, CA, USA). Two different\saits (i.e., water and ethanol) and
their mixtures were used in order to obtain extraaith different compositions.
Extractions using either 100% water or 100% ethavexke performed at four different
extraction temperatures (50, 100, 150 and 200 ItC)rder to test the influence of the
solvent composition, extractions using water/ethamstures were performed at a fixed
temperature of 100°C. The extraction time was naametd constant for all the
experiments (20 min). An extraction cell heat-tgpswvas carried out for a given time
prior to any extraction. The warming-up time chahgkepending on the extraction
temperature (i.e., 5 min when the extraction terajoee was 50 and 100°C, 7 min if the
extraction temperature was 150°C, and 9 min ifekigaction temperature was 200°C).
All extractions were done using 11 mL extractioflszecontaining 1.5 g of sample.
When water was used for the extraction, the extnacell was filled with sand mixture
on the top of the sample (2.0 g of sand) to preubst clogging of the system.
Extraction procedure is as follows: (i) sampleaaded into cell, (ii) cell is filled with
solvent up to a pressure of 1500 psi (1 psi = 68R#.a), (ii) heat-up time is applied,
(iv) static extraction takes place (i.e. 20 minwhich all system valves are closed, (v)

cell is rinsed (with 60 % cell volume using extrantsolvent), (vi) solvent is purged
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from cell with N, gas and (vii) depressurization takes place. Betwedractions, a
rinse of the complete system was made in ordevéocome any carry-over.

Once extractions were finished, solvents were radowor the evaporation of the
ethanol, a Rotavapor R-210 (from Buchi LabortechA(®, Flawil, Switzerland) was
used. The water extracts were lyophilized usingeaze-dryer (Labconco Corporation,
Missouri, USA). Just before their HPLC analysig thied extracts were redissolved to
a known concentration and filtered through 0% nylon filters (Symta, Madrid,

Spain).

2.3. Determination of total phenols.

Total phenols were estimated as gallic acid egental (GAE), expressed as mg gallic
acid/g d.m. (dry matter) according to the Folin-€Gilbeau assay [7]. The total volume
of reaction mixture was miniaturized to 1 mL. &undred microliters water and L0

of sample were mixed, to which 50L undiluted Folin-Ciocalteu reagent was
subsequently added. After 1 min, 1pD of 2% (w/v) NaCOs; were added and the
volume was made up to 1.0 mL with water. After @ftincubation at 25 °C, 300L of
the mixture were transferred into a well of the nopiate. The absorbance was
measured at 760 nm in a microplate spectrophotomedeler (BioTek) and compared
to the gallic acid calibration curve (0.025 — 2 mg) elaborated in the same manner.

Data were presented as the average of duplicatgsasa

2.4. DPPH radical scavenging assay.
The antioxidant capacity of all the obtained exsawas measured using the DPPH
radical scavenging assay based on the protocol tapdBWilliams et al. [8] and

formerly described [9]. Briefly, a solution was paged dissolving 23.5 mg of DPPH in



149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

100 mL of methanol. This stock solution was furtbéuted 1:10 with methanol. Both
solutions were stored at 4 °C until use. Differeomcentrations of extracts were tested.
Twenty five microliters of these solutions were eddo 975 uL of DPPH diluted
solution to complete the final reaction medium (IL) mAfter 4 h at room temperature,
300uL of the mixture were transferred into a well o¢ tmicroplate, and the absorbance
was measured at 516 nm in a microplate spectropteity reader (BioTek). DPPH-
methanol solution was used as a reference sampé&DPPH concentration remaining
in the reaction medium was calculated from a catibn curve. The percentage of
remaining DPPH against the extract concentratios tivan plotted to obtain the amount
of antioxidant necessary to decrease the initiaPBRoncentration by 50% or &£
Therefore, the lower the k&g the higher the antioxidant capacity. Measuremereie

done, at least, by triplicate.

2.5. Trolox equivalent antioxidant capacity (TEAC)assay.

The TEAC assay described by Re et. al. [10] witmeanodifications was used to
measure the antioxidant capacity of the PLE ex¢ra@BTS radical cation (ABTY
was produced by reacting 7 mM ABTS with 2.45 mM gssium persulfate and
allowing the mixture to stand in the dark at ro@mperature for 12-16 h before use.
The aqueous ABTS solution was diluted with ethanol for the ethaexiracts and with
5 mM phosphate buffer (pH= 7.4) for the water andtesethanol extracts, to an
absorbance of 0.70 (z 0.02) at 734 nm. Ten mieditof sample (different
concentrations) were added to 1 mL of diluted ABT&dical solution. After 50 min at
30 °C, 300uL of the mixture were transferred into a well o&tmicroplate, and the
absorbance was measured at 734 nm in a micropleetrephotometer reader

(BioTek). Trolox was used as reference standardrasdlts were expressed as TEAC
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values (mmol Trolox/g extract). These values wdraioed from at least four different
concentrations of each extract tested in the agis@yg a linear response between 20-80

% of the blank absorbance. All analyses were dboteaat in triplicate.

2.6. LC-MS/MS analyses.

The LC-MS/MS analyses were carried out using anefc¢Thermo Scientific, San
Jose, CA) liquid chromatograph equipped with a DABd an autosampler. The
chromatograph was coupled to a TSQ Quantum (Th&oentific) triple quadrupole
mass spectrometer via an electrospray interface. arfalytical conditions employed
consisted of a Hypersil AR column (150 mmx4.6 mm, d.p. @m) (Thermo
Scientific) using as mobile phases ACN (0.1% foraad, A) and water (0.1% formic
acid, B) eluted according to the following gradieditmin, 95% B; 5 min, 95% B; 35
min, 40% B; 55 min, 5% B; 60 min; 5% B; 65 min, 9986 70 min, 95% B. The
optimum flow rate was 0.4 mL/min while the injectioolume was 1QL. The diode
array detector recorded the spectra from 200 ton50.0

The MS analyzer was operated under ESI negativemtth the following parameters:
Q1 and Q3 resolution of 0.7 Da FWHM; scan widti®10. Da; scan time, 0.206 s; spray
voltage, 3000 V; sheath gas pressure, 35 psi; iagkigas pressure, 5 psi; capillary

temperature, 350 °C, skimmer offset (MS/MS expenitsie 30 V.

2.7. Statistical analysis.

Microsoft Excel 2000 Program was employed for staial analysis of the data with the
level of significance set at 95%. One-way analydisariance (ANOVA) was used to

assess statistical differences between extracti@ierences were considered as

significantly different at a value of p < 0.05.
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3. RESULTS AND DISCUSSION.

As it has been already mentioned, the particulamibal composition of plants may
vary depending on a number of parameters, includjaggraphical-related factors,
growing conditions as well as genetic variabiliBor this reason it is interesting not
only knowing the general chemical composition afieen plant species, but also the
particular proportions in which these compounds nbay present on plants with

different geographical origin. With the aim to dhtdioactive compounds from the
three studied Romanian plants (i.e., tarragon, wiljgne and oregano), different PLE
extraction conditions were tested. The goal of Hugeening was to use very different
extraction conditions in order to have a selecteenler of extracts of different

composition and associated bioactivity. Thus, extrabtained at the different studied
conditions were functionally characterized accagdio their antioxidant capacity and

chemically characterized to know their exact contposand to correlate both.

3.1. Extraction and functional characterization.

As mentioned, two different solvents were seledtedLE of Romanian plants, that is,
ethanol and water, that cover different polaritiBssides, four different temperatures
were also employed for the two solvents (50, 1@, &nd 200°C), covering the whole
instrument’s temperature working range. Based ampoevious experience with natural
matrices [9], the pressure was maintained duriegithole extraction procedure at 1500
psi and the static extraction time was set at 20. niihis pressure was selected
considering that once the extraction pressure au@m to maintain the solvent in the
liquid state, its effect is not statistically sifioant on the outcome of the extraction

[11]. Likewise, it has been statistically demon&dathat the influence of the static
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extraction time is not extremely high [11], andttB@ min is sufficient to ensure the
complete extraction of valuable compounds from ratmatrices [12]. Moreover, in
order to more precisely study the influence ofsbkrent, different proportions of water
and ethanol were combined, namely 25/75, 50/50 @a25. To perform these
experiments, a medium temperature (100 °C) wastsele

Figure 1 shows the results in terms of extractietdyfor the different conditions tested
and the three studied plants. As it can be obsemhedhighest yield was obtained by
PLE using water at 200°C for the three plants, d@raximum for oregano, reaching
values higher than 60 %, whereas the lowest yieldee obtained using ethanol as
solvent at 50 °C (particularly the yield obtained Wild thyme, 3.2 %). Considering the
different extraction temperatures tested, the ettm yield was higher when increasing
the temperature, independently of the solvent eyaoloFor the same temperature, in
all cases significantly higher yields were obtaingth water compared to those with
ethanol. In agreement with this observation, whiee éxtraction temperature was
maintained at 100°C and the solvent composition e@fenged, the extraction yield
increased when higher proportions of water wereleyegl. Interestingly, similar yields
were obtained with 100 % water and a mixture watkanol 75:25. These results
suggest that most of the compounds present on thleses had a relatively high
polarity, and therefore, were preferentially exteacwith ethanol and, above all, with
water. The increase of extraction yield with thenperature corresponded to a typical
increment of the mass transfer as a result of gmication of higher temperature as
well as to a decrease on the solvent viscosity Wwhiglps the solvent to penetrate the

matrix.

10
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The next step consisted on the functional analysthe extracts: assays such as Folin-
Ciocalteau, DPPH and TEAC were used to assess bwthiotal phenols and the
antioxidant capacity of the extracts obtained untther screened conditions; data is
presented in Table 1. In terms of total phenolsan be seen that oregano was, by far,
the richest plant in terms of total phenols followey wild thyme and tarragon; this
behavior was maintained in all the PLE conditicestéd. On the other hand, the highest
amount of total phenols was obtained with presedriwater for all the studied plants.
However, the behavior of the different plants aseaponse of the increase of
temperature was different. Whereas oregano extpaetsented a maximum at 100 °C,
200 °C was the most efficient temperature for pherextraction in tarragon and wild
thyme. In both cases, a higher extraction temperatueant a higher amount of total
phenols extracted for the two tested solvents. \Ke&ping the extraction temperature
constant at 100 °C, it could be observed how thd@qmmam amount of total phenols was
attained using a mixture of ethanol/water 50:50tésragon and wild thyme, whereas
for oregano 100% water provided with better resilevertheless, the amount of total
phenols obtained from oregano with the three salw@rtures water/ethanol were not
statistically different (p > 0.05). NonethelesmKing at the results as a whole, it can be
affirmed that the three plants, particularly oreganere rich on phenols, and thus, had

the potential for providing with active antioxidaexttracts.

Two methods to assess the antioxidant capacithefektracts were selected, namely
DPPH radical scavenging assay and TEAC (Trolox \vadents antioxidant capacity)

assay. The use of two different antioxidant cagamethods may provide a deeper
insight on the chemical constituents present onettteacts as well as their different

activity against different radicals. The resultdleed using these procedures are

11
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summarized in Table 1. It is important to consitlemt the results from the DPPH
method were expressed assE(8] and therefore, the lowest the value, the hségltlee
antioxidant capacity. As can be seen, the besttsaisuterms of EGy were obtained for
oregano. As a general trend for the three plamsnerease of extraction temperature
using ethanol provided a higher antioxidant cagaadthough values obtained for
extractions at 150 and 200 °C (using ethanol) wetestatistically different (p > 0.05).
In the case of the PLE extractions using waternarease in the antioxidant capacity
was generally observed when the temperature wasdadrom 50 to 100 °C, then
decreased and finally increased again at 200 °@. Gdhavior can be explained by an
improved recovery of antioxidant compounds at terafpees up to 100 °C and a
subsequent degradation at higher temperatures. ifipgovement of antioxidant
capacity at 200 °C, can be due to other phenomleai dan occur at very high
temperatures using water as extraction solvent) asadhe neoformation of antioxidant
compounds derived from Maillard reaction, amongegH{13]. These phenomena have
been demonstrated to occur, to some extent, inralamatrices containing reducing
sugars and aminoacids, therefore contributing &tttal antioxidant capacity of the

extracts compared to those obtained at 150 °C.

Combining the information regarding the antioxideapacity in terms of E{gand total

phenols’ content, it can be observed how there atear correlation between the two
measurements (Figure 2) indicating that the sampi#is a higher content on total
phenols were, in general, also the most activeeims$ of antioxidant capacity. This
behavior has previously been suggested for diftematural matrices including plants,
algae and vegetables [14]. As it can be observetthi;mFigure, only in the case of

oregano, some extracts possessed the same amtibx@aacity or even higher than

12
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other which, however, were richer on total phentisthis case, as mentioned, partial
degradation of total phenols could occur when exing with water at the highest
temperature while, at the same time, new antioxgdanight be forming at these

conditions.

As for the results of TEAC assay (Table 1), exsdotlowed the same trend previously
mentioned for Egy values but, in this case, higher values corresponid higher
antioxidant capacity. Both methods measured thigyabf an antioxidant to transfer an
electron and scavenge a radical (DPPH or ABTS),s,thconsidering similar

mechanisms, an equivalent behavior is expected.

3.2. Chemical characterization of the obtained ex#cts.

An LC-MS method was adapted to characterize thaiodd PLE extracts from the

three studied plants. A quite slow gradient wasleggal, not chasing a fast analysis but
a higher resolution of the complex profiles of thiéerent extracts. In Figure 3, the

chromatograms corresponding to the extracts oltaayePLE using water and ethanol
as solvents at 200°C from the three studied Romapients are shown. As it can be
appreciated, even if the six profiles were veryfedédnt, a good separation of the
compounds was achieved. Identification of compounds attempted combining the
information provided by the DAD and by the MS débecogether with retention times

and information available on the literature. Paitady useful was the combination of
UV-Vis and MS spectra together with data regardivgfragmentation of the main ions
detected. Using this approach, different compowwldd be identified or tentatively

assigned on the different samples. Identificatibrcampounds is shown in Table 2,
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together with the data collected using the two aets (DAD and MS) in series.

Besides, the plant in which each compound was fagiatso indicated.

3.2.1. Oregano PLE extracts.

Although much interest has been put in the chengoaiposition of oregano essential
oil obtained through the application of differenechniques [15-19], including
supercritical fluid extraction (SFE) [20-21], ithgnolic chemical composition has not
been so extensively studied [22]. In fact, few aggpions of PLE can be found in the
literature for the extraction of phenolic antioxids from Oregano [23], although none
of them compared the possible performance of diffesolvent compositions. As it can
be observed in Figure 3 A and B, together withitlfermation given in Table 2, the
profile obtained when using water as extractiowesal was different than with ethanol.
As expected, the main differences were observethéless polar compounds that were
preferably extracted using ethanol. When a mixath@nol/water was employed, results
were similar to those obtained only using wateesthresults are in agreement with
those on total phenols that, for mixtures, weres@tdo the values obtained with water

at the same temperature.

The main phenolic antioxidant present on the eidrambtained with water was
rosmarinic acid (peak 21); this compound is wellkn by its potent antioxidant
activity [24]. Other important compounds in thesgtracts were luteolin-D-

glucuronide (peak 15) as well as luteolin (peak 22y different phenolic acids
including syringic (peak 1), protocatechuic (peaki®dmovanillic (peak 3), chlorogenic
(peak 6), hydroxybenzoic (peak 7) and caffeic (pE@kacids. For the characterization

of the phenolic acids, typical UV-Vis spectra adlws their corresponding [M-Hjons

14
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and common fragments were found. These type of glitenompounds are widely
distributed on nature and are well known by theirctional properties, among others, a
potent antioxidant activity [25,26]. On the otheand, the peak corresponding to
luteolin-7-O-glucuronide presented a molecular ion ([MJHJt m/z 461.1. Besides, the
UV-Vis spectrum matched with that correspondingluteolin, characterized by a
maximum absorbance at 340 nm. Moreover, the detecbf the fragment
corresponding to luteolin (m/z 285) corroboratesd identification. Higher amount of
phenolic compounds were extracted when using waitet00 °C compared to the
extraction at 200 °C (see Table 1). Neverthelesslitqtively, the main difference
among these two extracts was the lack of extraatioless polar antioxidants, mainly
luteolin at the lower temperature. Also at 100 é8rgmatogram not shown), apigenin-
7-O-glucuronide could be tentatively identified sint® molecular ion, as well as the
fragment corresponding to apigenin, were detedtagbther with the match of its UV-
Vis spectrum. This compound was not recovered wisamg water at 200°C, probably

because of too higher temperatures led to its degjcmn.

Concerning the ethanol extracts, their chromatdgcaprofiles were very similar,

although a higher amount of phenolics could be inbthat the highest temperature
(Table 1). In these extracts, rosmarinic acid (p@dk was also among the main
components present, although luteolin (peak 22)caifiic acid ethyl ester (peak 24)
could be also extracted in high amounts. Regarthigglatter compound, identification
was based on the combination of the typical UV-$iectra of an hydroxycinnamic
acid, with absorption maxima at 299 and 323 nmetiogr with a molecular weight
(IM-H]") of 207.2. This information suggested the preseice hydroxycinnamic acid

derivative. Moreover, the fragmentation of this dgseak provided with fragments

15
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corresponding to m/z 179, 161 and 135, typicaladfetc acid. Thus, combining all this
information, this peak could be tentatively asstyte caffeic acid ethyl ester, as it is
shown in Figure 4. In general, a total of 14 déf®r compounds could be tentatively
identified in the Romanian oregano extracts. Besids it can be observed in Figure 3,
other important peaks in the chromatograms coult b successfully assigned;
information regarding their UV-Vis maxima, moleauléon and main fragments
detected is shown in Table 3. For instance, pesdiofved UV-Vis and MS spectra that
may indicate the presence of dyhydroxykaempferble Tetention time of this peak
could also confirm this tentative assignment. Hosvewdue to the absence of a clear

fragment at m/z 259, this peak could not be sudaigsissigned.

3.2.2. Tarragon PLE extracts.

To the best of our knowledge, the possibility ofragting antioxidant compounds using
PLE from tarragon has not been explored so far.faet, in general, only the
characterization of the essential oil produced tayes species afrtemisiahas raised
some attention [27-29]. As it can be observed gufé 3 C and D, the profiles obtained
for the extracts obtained with water and ethanol2@0°C from tarragon were
qualitatively quite similar, although, in genenatater extracts possessed higher amount
of phenols than their corresponding counterpartaioed with ethanol (see Table 1). In
fact, the same compounds could be basically idedtih both extracts. Nevertheless,
the water extracts were mainly characterized byptleeence of caffeoylquinic (peaks 4,
6 and 8) and dicaffeoylquinic (peaks 17, 18 and &€iis whereas in the ethanol
extracts the major compounds were found at the ehdthe chromatogram,
corresponding to less polar compounds (e.g., pdaks, j). Besides, the same

hydroxycinnamic derivative compound also found regano, tentatively identified as
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caffeic acid ethyl ester (peak 24), was the maiakpe these extracts. On the other
hand, in water extracts, these compounds were fouless amounts or not found at all
(e.g. compound 24). The presence of caffeoylquatis is characteristic of some
species ofArtemisia[30]. These compounds have been associated toas@vieresting
functional properties, such as antiviral [31], gesic [32] or antioxidant activities [33].
These acids possess a particular UV-Vis spectrutim adsorption maxima at 300 and
325 nm, which detection was used in the presenkwasra first hint for a possible
identification. Next, the information provided byet MS detector was studied. Several
of these compounds presented molecular ions ([Nl-¢dfrresponding to m/z 353 (i.e.,
peaks 4, 6 and 8, respectively). Among them, thénmpaak (peak 6) provided a
fragment of m/z 191, and was tentatively assigmedhiorogenic acid. Besides, it is
widely known that chlorogenic acid is the principaffeoylquinic acid in tarragon [30].
On the other hand, compounds 4 and 8 gave fragments/z 179 and 173,
respectively. According to this latter fragmentital from the 4-acyl groups, peak 8
was tentatively identified as 4-caffeoylquinic gorhereas the finding of the fragment
m/z 179 in peak 4 suggested that this compounddcbel 3-caffeoylquinic acid.
Besides, three other peaks, eluting later on tihenchtogram, presented also the typical
UV-Vis spectrum of caffeoylquinic acids. For thesenpounds (compounds 17, 18 and
20), MS base peaks ([M-H]of m/z 515 were detected as well as fragmenta/af353,
thus clearly indicating the presence of dicaffeaylic acids. Although these
compounds were not fully characterized, the ocaweeof fragments at m/z 173 in
peaks 17 and 18 indicated the presence of 4-acgffdbylquinic acids. Examples of
the assignment process as well as the structuogeoged for compounds 6 and 17 are

shown in Figure 5. Besides these compounds, cafaid (peak 11) as well as caffeic
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acid ethyl ester (peak 24) and other flavonoidsrfiamnetin and quercetin, peaks 29

and 30, respectively) were identified in the taora@xtracts.

Other important peaks that could not be compleytified (peaks g, h, i and |, see
Figure 3C and D) were also detected in the extrpodsluced using both solvents,
although they were in higher extent in the ethaxttacts. Characteristics of these non-

identified peaks are shown in Table 3.

3.2.3. Wild Thyme PLE extracts.

The last plant characterized wakymus serpillumThis plant, as well as oth&hymus
species, has been described to possess esselstiadithi antioxidant capacity [34-35].
However, up to now, PLE has not been applied fax éxtraction of phenolic
antioxidants from this kind of plant. The chemichlaracterization of the wild thyme
extracts by LC-MS revealed that those obtained widter and with water/ethanol
mixtures did not differ significantly from a qualitve point of view; this is in
agreement with the total phenols observed for batiter and water/ethanol extracts
(Table 1), as mentioned previously for oregano aets. However, those extracts
obtained with ethanol possessed a different cortiposiAs it can be clearly observed
in Figure 3 E and F, less polar compounds dominatedhe ethanol extract
chromatogram whereas more polar compounds weractatt with water. Among them,
rosmarinic acid (peak 21) was the main compounthenwild thyme water extracts.
Besides, other polar phenolic acids were also tkdemotably, syringic (peak 1),
vanillic (peak 5), chlorogenic (peak @:coumaric (peak 9) and caffeic (peak 10) acids.
All these phenolic acids are an important influeocethe total antioxidant capacity

shown by these extracts. Moreover, other flavonasdsh as luteolin-glucoside,
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luteolin-glucuronide, eriodictyol-glucuronide, apign-glucuronide (compounds 12, 15,
16 and 19, respectively) could be identified togethvith the aglycones luteolin,
eriodictyol and apigenin (peaks 22, 23 and 26). different glucuronides were clearly
assigned based on the detection of their molecolas as well as the fragments
corresponding to their aglycones. Data on UV-Viecta was used to confirm the
identification. This combination allowed, for insta, the correct assignment of the ion
with m/z 463, as it can be appreciated in Figure&énsidering that this compound
should be a flavonoid, in agreement with its retentime and UV-Vis spectrum, the
detection of a fragment derived from the main pedkm/z 287 permitted the
assignment of this compound as an eriodictyol @¢ine instead of other with similar
molecular weight, such as isoquercetin. Besidésgment of m/z 175, typical from the
glucuronide moiety, was detected, supporting alsis assignment. Although the
possibility of assigning positional isomers coulltheoretically achieved by using MS,
under the conditions employed in the present rebetitese glycosilated flavonoids
could not be unambiguously characterized. Nevesrtiseltheir more frequent forms,

containing a ™-linkage were assumed.

On the other hand, in the wild thyme ethanol exsamsmarinic acid was not the main
identified compound, although its presence cou &le confirmed. Instead, important
peaks appeared later on the chromatogram, corrdspprio luteolin (peak 22),

apigenin (peak 26) and in less extent, eriodic{pelak 23), cirsimaritin (peak 27) and
prenylnaringenin (peak 28). This last compound assgned thanks to the detection of
a base peak at m/z 339.8 ([M-H}together with a typical fragment of m/z 271
corresponding to the loss of the prenyl moiety. éttheless, the main compound in

these chromatograms (see Figure 3) was again caftad ethyl ester (peak 24). This
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compound appeared also in the ethanol extracthefother two Romanian plants

studied.

In conclusion, a total of 17 different phenolic quaunds could be tentatively identified
in the wild thyme PLE extracts, which may probahbve a strong influence on the

total antioxidant capacity observed.

4. CONCLUSIONS.

The applicability of PLE as an advanced environminfriendly extraction technique
for the extraction and characterization of nativenfanian plants such as oregano,
tarragon and wild thyme, has been demonstratedermift combinations solvents-
temperatures were screened to obtain extracts imigtortant bioactivities; extraction
yields, antioxidant capacity and chromatographiofijgs were studied to obtain a
complete picture of the process. Results showedhiigaer yields were obtained with
water at very high temperatures (200°C), reachiatyleas around 62% when using
oregano as raw material. Besides, the higher adaox capacity was obtained using
water at 50-100°C, being oregano the most actieda Buggested a direct correlation
between the amount of total phenols and the antzonicapacity measured using DPPH
radical scavenging protocol. Besides, the use of@MS/MS method allowed the
characterization of the phenolic compounds on PLbH#raets. Thirty different
compounds could be tentatively assigned by usirsgniethod, some of them described
for the first time in these plants. Oregano exvagere mainly characterized by the
presence of phenolic acids, mainly rosmarinic aaffecc ethyl ester acids. Extracts

from tarragon were particularly rich on caffeoyldagicaffeoylquinic acids, as well as
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on other flavonoids, whereas wild thyme presenbtednost complex chemical profile

including phenolic acids and different glycosilate/onoids and aglycons. To the best
of our knowledge, the possibility of obtaining sucbmpounds from these species
through the application of PLE-vitro antioxidant assays-LC-MS/MS is shown for the

first time.
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FIGURE LEGENDS.

Figure 1. Extraction yield (%) produced after the PLE exfi@ttof the three studied
plants at the indicated conditions.

Figure 2. Correlation between the amount of total phenolerd@ned on the plant
extracts and their corresponding activity measwsdg the DPPH radical scavenging
assay.

Figure 3. LC-DAD-MS/MS chromatograms (280 nm) of the diffierextracts obtained
using PLE at 200°C from Romanian oregano (A, Bjagon (C, D) and wild thyme (E,
F). For peak identification and information see [€al? and 3.

Figure 4. UV-Vis and MS spectrum of caffeic acid ethyl eqi@v/z 207.1, peak 23), as
well as its fragmentation pattern and proposed atedratructure.

Figure 5. Information collected for the identification of Ahlorogenic acid (peak 5)
and B) dicaffeoylquinic acid (peak 16). UV-Vis, MPectra, fragmentation pattern and
proposed chemical structures.

Figure 6. UV-Vis and MS spectra of eriodictyol-@-glucuronide (peak 15) and

fragmentation pattern and chemical structure pregdsr this assignment.
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Table 1. Antioxidant capacity of the Romanian plants exsambtained by PLE at the indicated conditions, suezd using the DPPH radical
scavenging and trolox equivalents antioxidant cépagssays. Results are expressed as msdn Analyses were performed, at least, by
triplicate.*DPPH radical scavenging ass&yrolox equivalents antioxidant capacity asSafl the extractions at 1500 psi for 20 min.

Antioxidant activity

Solvent Extraction Tarragon Wild Thyme Oregano
conditions’ ECss TEAC® mg Gallic ECso TEAC mg Gallic ECso TEAC mg Gallic
(ug/ml) (mmol/g) acid/g (ng/ml) (mmol/g) acid/g (ng/ml) (mmol/g) acid/g
Ethanol 50 °C 29.53+0.34 0.46+0.01 16.80+1.883.48+0.73 0.65+0.06 3457+0.75 17.10+1.4715+0.04 68.30+6.91
100 °C 2576+0.84 054+0.02 33.25+3.32 15963 1.06+0.07 5852+556 11.51+1.22 1.31H6 102.25+3.34
150 °C 23.24+1.02 0.64+0.04 4442+3.04 140071 1.11+0.05 7872+197 7.30+0.68 2.3¥M 144.25+5.42
200 °C 21.32+0.76 0.67+0.02 5040+275 143139 1.08+0.07 72.20+422 7.40+0.19 2.02G4 134.40+6.64
Water 50 °C 2427+0.82 163+0.05 44.75+3.93.78+1.14 240+0.17 79.02+6.62 6.98+0.455130.10 184.90+21.98
100 °C 17.42+0.28 2.09+0.05 59.52+551 1+?P&5 2.82+0.05 91.07+9.25 855+1.01 3.3AH 183.10+ 14.43
150 °C 20.55+150 241+0.11 69.47+7.08 1%Q115 258+0.15 80.97+7.28 10.06+0.16 3.3146 173.65+6.87
200 °C 19.02+1.11 264+0.05 7170590 1%8%7 2.71+0.08 112.27+16.758.70+0.5 3.73+0.09 159.12 +18.25
Water/Ethanol 25:75 100°C 15.85+1.39 2.29+0.16D.62+6.03 10.85+0.86 2.61+0.02 102.2085.79.70+1.17 3.13+0.25 168.85+11.28
Water/Ethanol 50:50 100 °C 17.20+141 2.26+0.087.17+2.12 10.39+0.55 3.08+0.09 119.95+3.7.78+0.73 2.77+0.18 160.45+14.25
Water/Ethanol 75:25 100 °C 19.77+0.39 2.09+0.066.40+2.02 10.46+0.66 2.92+0.03 107.77 45.97.04+0.49 2.98+0.29 172.92+11.09
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Table 2. Compounds identified in the PLE extracts analyzgd C-MS.

ID Retention Compounds identified UV-Vis  [M-H]" Main Plant in
time (min) maxima fragments which was
(nm) detected detected
1 12.7 Syringic acid 280 197.1 179, 135 0O, Wt
2 14.5 Protocatechuic acid 260, 293 153.1 108 @)
3 15.6 Homovanillic acid 277 181.2 167, 137 @)
4 15.7 3-Caffeoylquinic acid 297, 325 353.2 191917 T
5 17.7 Vanillic acid 277 167.2 Wt
6 17.8 Chlorogenic acid 300, 326 353.3 191 O, T, Wt
7 17.9 Hydroxybenzoic acid 282, 312s 137.1 O, Wt
8 18.0 4-caffeoylquinic acid 299, 326 353.2 19231 T
9 18.2 p-Coumaric acid 286 163.1 137 Wt
10 19.3 Caffeic acid 291,323 179.2 135 O, Wt
11 19.4 Caftaric acid 298,326 311.2 179 T
12 20.9 Luteolin-7©-glucoside 265, 340 447.2 285 Wt
13 21.9 Rosmarinic acid isomer 291, 329 359.1 161 0]
14 22.2 Protocatechuic glucoside 264, 287s 421.1 3 15 0]
15 22.4 Luteolin-7©-glucuronide 265, 347 461.1 285 O, Wt
16 23.0 Eriodictyol-7©-glucuronide 283, 329s 463.2 287,175 Wt
17 23.3 Dicaffeoylquinic acid 300, 325 515.2 35311173 T
18 24.2 Dicaffeoylquinic acid 299, 328 515.2 35311173 T
19 24.3 Apigenin-1-glucuronide 267, 334 445.2 269 Wt
20 24.5 Dicaffeoylquinic acid 298, 327 515.3 353 T
21 25.0 Rosmarinic acid 291, 329 359.2 161 O, Wt
22 28.5 Luteolin 265, 347 285.2 O, Wt
23 29.1 Eriodictyol 287 287.2 151 Wt
24 29.9 Caffeic acid ethyl ester 299, 323 207.2 ,119,135 O, T, Wt
25 30.0 Naringenin 284, 330s 271.2 @)
26 31.2 Apigenin 332 269.1 O, Wt
27 31.7 Cirsimaritin 338 313.2 Wt
28 32.0 Prenylnaringenin 261, 321s 339.8 271 Wt
29 32.3 Isorhamnetin 286s, 360 315.2 T
30 324 Quercetin 287, 345s 301.2 T

s, shoulder; O, oregano; T, tarragon; Wt, wild teym
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Table 3. UV-Vis and MS data of the main peaks detectedh@RLE extracts analyzed

by LC-MS which identity could not be confirmed.

ID Retention UV-Vis maxima (nm) [M-H]  Main fragments Plant in

time (min) detected which was
detected
a 19.9 277 329.2 167 o]
b 21.0 281 393.2 231, 123 o]
c 21.1 283, 335 639.2 609, 451 T
d 21.5 294, 319 481.3 355, 193 T
e 21.7 263, 283s, 295s 437.2 153 o
f 24.0 283, 325 287.2 243,121 @)
g 33.2 276, 310 257.2 T
h 38.6 288, 331s 285.2 T
[ 39.8 266 207.2 T
j 40.3 276, 310 271.3 T

s, shoulder; O, oregano; T, tarragon; Wt, wild teym
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