
Research article

Received: 18 March 2015, Revised: 20 July 2015, Accepted: 17 August 2015 Published online in Wiley Online Library: 11 September 2015

(wileyonlinelibrary.com) DOI 10.1002/ffj.3283

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Sapientia
Comparative study of GC-MS characterization,
antioxidant activity and hyaluronidase
inhibition of different species of Lavandula
and Thymus essential oils
Alejandro Carrasco,a* Virginia Tomas,b Jose Tudelaa and Maria G. Miguelc
Abstract: The chemical compositions of essential oils of Lavandula angustifolia, Lavandula latifolia, Lavandula hybrida cultivar
Grosso and cultivar Super, Thymus zygiswith high proportions of thymol and linalool and Thymus hyemalis, fromMurcia country
(Spain), were studied in relative (%), absolute (mM) and chiral concentrations by GC/MS. Hyaluronidase inhibition and antioxi-
dant activities of the essential oils were evaluated using ABTS•+, DPPH•, ORAC, chelating power, hydroxyl radical, nitric oxide,
TBARS and reducing power assays. Linalool and linalyl acetate were the most abundant components in the Lavandula genus
whereas thymol, linalool and 1,8-cineole were the most abundant molecules in the respective Thymus species. Chiral determina-
tion of the main components showed (+)-enantiomers like terpinen-4-ol, β-pinene, borneol and α-terpineol and (�)-enantiomers
like linalool, linalyl acetate and camphene in Lavandula sp. In the case of Thymus sp. (+)-enantiomers like α-pinene, limonene,
terpinen-4-ol and α-terpineol and (�)-enantiomers like borneol were found. Essential oils containing thymol were found
especially powerful in all assays but chelating power, ORAC and hydroxyl radical scavenging assays. The capacity for inhibiting
hyaluronidase showed that T. zygis with a high proportion of thymol was the most effective inhibitor. Essential oils containing
thymol and linalool/linalyl acetate have a potential use as antioxidant agents. Thymol shows strong inhibition of hyaluronidase.
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Introduction
The genus Lavandula belongs to the Lamiaceae family and includes
39 known species. However, there are three important species be-
cause of their terpenoid-rich essential oils (EOs), which are obtained
by steam distillation. They are L. angustifoliaMill. (L. officinalis Chaix
ex. Vill, L. spica L, L. vera DC) or true lavender; L. latifolia Medik. or
spike lavender; and the natural hybrid L. x intermedia Emeric ex
Loisel (L. hybrida L.) or lavandin that is derived from a cross of L.
latifolia× L. angustifolia. EOs are extensively used in perfumes, in
cosmetics, in food manufacturing for flavouring beverages, ice
creams, candies, baked goods and chewing gums, and in aroma-
therapy as relaxants.[1,2]

Lavandula angustifolia is one of themost desired lavender oils in
the cosmetic and aromatherapeutic industries, which is as a result
of the high concentration of both linalool/linalyl acetate and low-
camphor concentration. However, true lavender produces this in-
teresting EO in relatively low amounts. For the higher production
of this EO, hot, dry climates and medium altitudes (700–1200m)
are required.[3] The yield of EO from lavandin is three-fold higher
than the one of L. angustifolia, albeit with much lower application
in perfumery and therapy owing to the undesirably high levels of
camphor. Such oil is preferentially used as the antiseptic, antifun-
gal and antibacterial agent.[3] These biological properties have also
been attributed to L. angustifolia and L. latifolia. In addition, they
have also been used as sedative, carminative, anti-depressive
and anti-inflammatory agents, although clinical studies show in-
conclusive results.[4] Lavandula latifolia is also believed to be effec-
tive for burns and insect bites.[5]
Flavour Fragr. J. 2016, 31, 57–69 Copyright © 2015 John
The genus Thymus is one of the eight most important genera re-
garding the number of species included: more than 300, including
hybrids, varieties and ecotypes.[6]

Thymus hyemalis Lange, winter thyme, can be found mainly in
the South East of Spain (Alicante, Murcia and Almeria).[7] Chemical
variability has been reported for the essential oils of this species,
the presence of at least four chemotypes in that region of Spain
was stated beyond the seasonal variations and edaphic and cli-
matic conditions.[7,8]

The antimicrobial activity of T. hyemalis EO was found in 2008,[9]

being thymol chemotype more active than carvacrol chemotype.
The antimicrobial activity along with antioxidant activity of winter
thyme EO were also reported.[10]

Thymus zygis Loefl. ex L. is a widespread endemic plant in the
Iberian Peninsula. At least eight chemotypes have been found in
Wiley & Sons, Ltd.
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this region.[11] Seasonal variations and phenological stages are also
factors that contribute to the chemical variability of T. zygis EOs.[12]

Antimicrobial, antigiardial, antiviral, anti-enzymatic and antioxi-
dant activities of T. zygis EOs have been reported.[10,13–18]

Gas chromatography (GC), coupled with mass spectrometry de-
tection, is a powerful technique used for volatile components anal-
ysis, as it provides qualitative and quantitative data for complex
mixtures such as those usually present in EOs.[19]

The quantitative composition of EOs may be estimated using rel-
ative percentage abundance, internal standard normalized percent-
age abundance and true quantitation of one or more compounds
by a validated method.[20] So far, relative percentage abundance is
the most commonly method used in the EO analysis. However, it
should only be used to measure relative component ratios in a sin-
gle sample and not to compare compositions of a group of EOs,
because relative percentage abundances are not standardized.[20]

Furthermore, there are scarce chiral studies accounting for the
main components of the studied EOs. Observing the enantiomeric
distribution of the main molecules of the EOs is highly interesting,
as different bioactivities and organoleptic properties depend on
the enantiomeric ratios. These characteristics are useful in the for-
mulation and authenticity assessment of drugs, fragrances and
flavours.[1,21]

The antioxidant activities of the mentioned EOs have been
found to be interesting because oxidation, induced by reactive ox-
ygen and nitrogen species (ROS and RNS), can damage mem-
branes, lipids and lipoproteins and can induce DNA mutation.
These types of cell or tissue injuries have been associatedwith age-
ing, atherosclerosis, carcinogenesis and cardiovascular as well as
Alzheimer’s and other neurological diseases. Thus, preventing or
minimizing these oxidation processes, by the use of antioxidant
substances that scavenge hydroxyl (HO˙), nitric oxide (NO˙) or
other free radicals, may help in the treatment of the aforemen-
tioned illnesses.[1,4,6,22–24]

The extracellularmatrix (ECM) breakdown is relatedwith oxidative
stress and degradation of proteins such as collagen and elastin. It is
also related to hydrolysis, catalyzed by hyaluronidase, of proteogly-
cans with glycosaminoglycans such as hyaluronic acid. Hyaluronic
acid is a polysaccharide composed of D-glucuronic acid and D-N-
acetylglucosamine, linked via alternating β-1,4 and β-1,3 glycosidic
bonds, with a size from 5000Da to 20 MDa in vivo. Hyaluronic acid
imbibes water, provides resilience to cartilages, replaces fibres of de-
graded collagen and enhances the regeneration of collagen by the
dermis and the ECM. The hyaluronic acid/hyaluronidase system also
participates in many pathophysiological conditions such as enven-
omation, acrosome reaction/ovum fertilization, microbial pathogen-
esis and cancer progression. The inhibitors of hyaluronidase might
serve as a contraceptive, anti-venom/toxin, anti-microbial, anti-
aging, anti-inflammatory and anticancer agents.[25]

The aim of this study was to determine thoroughly the chemical
composition and bioactivities of the EOs of four species of
Lavandula genus (Lavandula angustifolia, Lavandula latifolia,
Lavandula hybrida cultivar Grosso and cultivar Super) and three
of Thymus genus (two samples of Thymus zygis and one sample
Thymus hyemalis). Source plants were grown under organic farm-
ing in the Murcia country (Spain). Their relative and absolute con-
centrations, as well as the proportions of their main chiral
compounds, will be determined. Also, several antioxidantmethods
will evaluate the antioxidant capacity of EOs against different oxi-
dant agents. Furthermore, the potential bioactivity of EOs on the
important and multifunctional hyaluronic acid/hyaluronidase
system will be determined. Thus, this study is focused on
Copyright © 2015 Johnwileyonlinelibrary.com/journal/ffj
increasing the diversity of available compositions and bioactivities
of these EOs with samples from Murcia and comparing them with
EOs from different parts of the world. Hence, this study aims to
broaden the knowledge about composition, antioxidant and
anti-hyaluronidase properties of Lavandula and Thymus EOs.

Materials and methods

Plant material and extraction

Seven samples (300g each) of L. angustifolia, L. latifolia, L. hybrida
cultivar Grosso, L. hybrida cultivar Super, T. zygis with a high
proportion of thymol, T. zygis with a high proportion of linalool
and T. hyemalis (with identification numbers of the voucher speci-
mens BMBA130901, BMBA130902, BMBA130903, BMBA130904,
BMBA130905, BMBA130906 and BMBA130907, respectively) were
obtained from organic farming fields dedicated to growing plants
for industrial extraction of EOs through steam distillation, located
in ’Region de Murcia‘, a country of the South East of Spain with a
rich plant biodiversity. The species were identified and authenti-
cated by Dr Pedro Sanchez-Gomez, Professor of Botany in the
Plant Biology department of Murcia University and voucher speci-
mens were prepared and deposited in the herbarium of the De-
partment of Biochemistry and Molecular Biology-A.

The dry plants of each sample were separately subjected to
steam distillation for 3 h with a Clevenger apparatus. The oil col-
lected was dried over anhydrous sodium sulphate, obtaining
strong smelling pale yellow oil that was stored at�20 °C until used.
Chemicals

The following compounds were purchased from Sigma-Aldrich-
Fluka: pure compounds used as standard substances for GC identi-
fication, ABTS, DPPH, AAPH, fluorescein, PBS, 2-deoxyribose, sodium
hydroxide, sodium borate, calcium chloride, bovine hyaluronidase,
p-dimethylamino benzaldehyde, ferrozine, iron(II) chloride, iron(III)
chloride, potassium hexacyanoferrate (II), potassium chloride, so-
dium dodecyl sulfate, n-butanol, BHT, mannitol, rutin, ascorbic acid.
Analytic grade solvents, hydrogen peroxide, thiobarbituric acid and
buffers were acquired from Merck. Sodium persulfate, Trolox, so-
dium hyaluronate and EDTA were acquired from Acros organics.
Sodium nitroprusside was purchased from Riedel-deHaen. Griess
reagent system kit was obtained from Promega. Trichloroacetic
acid was obtained from VWR. Iron (II) sulfate was purchased from
Panreac. Deionized laboratory water type I (18 MΩ · cm) was pro-
duced with a Millipore MilliQ-Reference device.
Fast gas chromatography-electron impact/mass spectrometry
(FGC-EI/MS)

FGC-EI/MS analyses of the essential oils were conducted using an
Agilent GC7890 chromatograph (Agilent Technologies, Santa
Clara, CA, USA), coupled with an Agilent MS5975 mass spectrome-
ter as a detector. The analysis was performed on a low bleed
capillary fused-silica column, SLB-5ms from Supelco (15m
length×0.1mm i.d. × 0.1μm film thickness). The carrier gas used
washydrogen (flow rate constant: 0.8ml/min, starting columnhead
pressure: 46.345psi), produced ad hoc with an electrolytic Parker-
Domnik-Hunter generator, fed with type I laboratory water. The
above-mentioned complex device was controlled by ChemStation
software and analysed using ChemStation, MS-Search, AMDIS and
the mass spectral databases NIST 08 and Wiley 7. The injector
Flavour Fragr. J. 2016, 31, 57–69Wiley & Sons, Ltd.
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temperature was held at 280 °C; the septum purge was set to
3ml/min and the split valve was set to 100:1. The column tempera-
ture started at 60 °C and increased to 300 °C according to the tem-
perature programme as follows: rate 20 °C/min to 142 °C, and rate
40 °C/min from 142 °C to 300 °C and then held for 0.5min. MS con-
ditionswere as follows: temperature of the transfer line 280 °C, Elec-
tron Ionization energy70 eV,mass range 30–300 atomicmassunits,
scan rate 21.035 scan/s. The EO compounds were identified based
on retention time, retention index and mass spectra of the pure
compounds (standards) compiled in an in-lab built library using
MSD Chemstation Data Analysis. Tentative identification, for each
component not available commercially, was attempted comparing
the retention index andmass spectra against NIST andWiley spec-
tral databases using NIST MS Search 2.0 (NIST, Gaithersburg, MD,
USA). The quantitative determinationwas carried out based on cal-
ibration curves of each of the commercially available components
of the essential oils. Those curves were made using nonane (MS
43, 57, 71, 85), tetradecane (MS 43, 57, 71, 85) and hexadecane
(MS 41, 43,57, 71) as internal standards, calibration ranges and sup-
pliers for all substances are listed in Table 1. Calibration curves are

expressed as the response ratio analyte response
internal standard response

� �
vs. the

concentration ratio analyte concentration
internal standard concentration

� �
, thus, correc-

tion factors of each analyte are embedded in the calibration curves.
Each sample was evaluated in two different dilutions in isooctane,
1:10 and 1:1000 in order to determine exact concentrations of
compounds.

The repeatability of five detections of 3-mM samples is shown in
the RSD column for all standards. The limit of detection (LOD) was
calculated by a signal-to-noise ratio of 3, and the limit of quantita-
tion (LOQ) was determined by a signal-to-noise ratio of 10.[26]

In the case of non-commercially available compounds, the per-
centage of the peak area of the total ion chromatogram was evalu-
ated. Retention indices (LRIs) were calculated using a homologous
series of C7-C30 n-alkanes standard solutions from Supelco, accord-
ing to the IUPAC recommendations[27] for linear retention indices.
Enantioselective gas chromatography-electron impact/mass
spectrometry (EsGC-EI/MS)

The same analytical device described above was used, this time
equipped with an Astec Chiraldex B-DM column (30m length×
0.25mm i.d. x 0.12μm film thickness) from Supelco. Performing un-
der milder conditions, this column provided chiral chromatograms
of the essential oils, where the chiral compounds were determined
by the retention time of the pure enantiomers commercially avail-
able, and double checked with the NIST spectral database. The peak
areas of the triplicates were integrated, and enantiomeric ratios of
levorotatory (�) and dextrorotatory (+) enantiomers were deter-
mined. Conditions: injector temperature 200 °C, transfer line temper-
ature 200 °C, split 100:1, temperature programme as follows: starting
at 35 °C, the temperature increased to 170 °C at a rate of 4 °C/min,
then the temperature decreased to 35 °C at a rate of 15 °C/min.
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Determination of ABTS radical cation scavenging capacity

The ABTS [2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)]
radical cation decolourization assay was carried out using the
method already reported in the literature[28] with slight
modifications. An ABTS radical cation (ABTS●+) was produced by
reacting 3.5mM ABTS with 2.45mM potassium persulfate (final
Flavour Fragr. J. 2016, 31, 57–69 Copyright © 2015 John
concentration) and keeping the mixture in the dark at room tem-
perature for 12–16h before use.
An ethanolic solution (10μl) of the samples at various concen-

trations (0–0.5g/l) was mixed with 990μl of 0.035mM ABTS●+ so-
lution. After reaction at room temperature for 6min, the
absorbance at 734nm was measured using a Shimadzu 160-UV
spectrophotometer (Tokyo, Japan). The ability to scavenge ABTS●+

was calculated using the formula given below:

scavenging or inhibitory activity %ð Þ ¼ A0 � A1ð Þ
A0

� �
�100 (1)

Where A0 is the absorbance of the control and A1 is the absor-
bance in the presence of the sample. Trolox was used as a
reference to express the results in TEAC units (μmol Trolox equiv-
alent / g essential oil).
Free radical scavenging activity (DPPH)

Amethanolic stock solution (50μl) of each sample at different con-
centrations was placed in a cuvette, adding 2ml of 60μM
methanolic solution of DPPH (2,2-diphenyl-1-picrylhydrazyl).[29]

Absorbance measurements were made at 517nm, after 60min
of reaction in the dark, at room temperature. The values of scav-
enging activity were reported in TEAC units, according to the same
process shown in the ABTS assay.
ORAC

The ORAC values account for the ability of the samples to scav-
enge the peroxyl radical (ROO·). ORAC values were determined
using a slight modification of the reported method.[30]

This assay was performed at 37 °C for 60min, in a Molecular De-
vices Gemini XPS fluorometer controlled by the software
SoftMaxPro, using a 96-well plate, each well having a filled volume
of 300μl. Each samplewas evaluated in triplicate using λex =485nm
and λem=530nm. Each assay consisted of pH7.5, 10mM phos-
phate buffer, 1μM fluorescein, 200mM AAPH and an antioxidant
sample in several concentrations. The organic solvent was 1% etha-
nol for all assays. The values of scavenging activity were reported in
TEAC units, according to the same process shown in the ABTS assay.
Chelating power of metallic ions

The degree of chelation of ferrous ions by essential oils was evalu-
ated according to the literature.[31] Briefly, samples were incubated
1:1 with 0.025ml of 2mM FeCl2. The addition of 0.025ml of 5mM
ferrozine initiated the reaction, and after 10min, the absorbance at
562 nmwas measured. An untreated sample served as the control.
The percentage of chelating ability was determined according to
Eqn (1). EDTA was used as a positive control.
Hydroxyl radical scavenging activity

The assay of hydroxyl radical (OH˙) scavenging activity was devel-
oped with small modifications to the reported method.[32] Briefly,
the reaction mixture was prepared with 10mM FeSO4

. 7H2O,
10mM EDTA, 10mM 2-deoxyribose, 0.1M phosphate buffer and
sample at different concentrations in a test tube to give a total vol-
ume of 1.8ml. Finally, 200μl of 0.1% (v/v) H2O2 were added to the
mixture and incubated at 37 °C for 4 h.
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/ffj



Table 1. Standards used in GC/MS and calibration curves for essential oils (EOs) analysis

Analyte Calibration
curvea

R2 Calibration range RSD LOD LOQ Standard
source

Product
Reference(mM) (%) (mM) (mM)

Nonane Internal standard SAFC 442694
α-Thujene y=0.566x - 0.045 0.997 0.50 - 10.09 6.0 0.16 0.47 EML
(�)-α-Pinene y=0.471x - 0.018 0.997 0.25 - 10.06 4.5 0.08 0.25 Fluka 80599
(+)-Camphene y=0.272x - 0.008 0.995 0.66 - 10.51 0.4 0.14 0.44 SAFC w222909
Sabinene y=0.460x - 0.026 0.998 0.24 - 9.78 0.9 0.07 0.21 Extrasynthese 5062 S
(�)-β-Pinene y=0.400x - 0.016 0.995 0.26 - 10.29 3.7 0.09 0.26 Fluka 80609
3-Octanone y=0.309x - 0.031 0.996 2.56 - 10.24 4.1 0.64 1.95 SAFC w280305
Myrcene y=0.188x - 0.024 0.993 2.24 - 8.97 3.5 0.56 1.70 Fluka 64643
Hexyl acetate y=0.452x - 0.057 0.992 2.40 - 9.59 1.7 0.32 0.96 Fluka 25539
α-Phellandrene y=0.430x - 0.012 0.998 0.50 - 9.52 0.9 0.16 0.49 Aldrich 77429
α-Terpinene y=0.425x - 0.035 0.997 0.45 - 9.45 2.8 0.15 0.44 Aldrich 86473
p-Cymene y=0.830x - 0.020 0.995 0.25 - 9.95 4.9 0.02 0.05 Aldrich c121452
(+)-Limonene y=0.246x - 0.008 0.995 0.60 - 9.55 0.9 0.12 0.36 Fluka 62118
(Z)-β-Ocimene y=0.218x - 0.011 0.996 0.70 - 6.97 2.2 0.16 0.48 SAFC w353901
1,8-Cineole y=0.233x - 0.008 0.995 2.39 - 9.55 8.7 0.60 1.82 SAFC w246506
γ-Terpinene y=0.366x - 0.017 0.995 0.62 - 9.87 2.8 0.12 0.37 Aldrich 223190
(+)-trans-Sabinene hydrate y=0.268x - 0.007 0.996 0.63 - 10.00 2.1 0.18 0.56 Fluka 96573
(�)-Linalool y =0.214x - 0.008 0.994 0.88 - 8.80 4.9 0.22 0.67 Fluka 74856
1-Octen-3-yl acetate y=0.279x - 0.015 0.995 2.05 - 8.21 1.4 0.38 1.16 SAFC w358207
(+)-Camphor y=0.181x - 0.024 0.994 0.99 - 9.85 1.5 0.25 0.76 Alfa Aesar A10708
(�)-Borneol y =0.266x - 0.020 0.998 0.57 - 9.06 4.4 0.19 0.57 Alfa Aesar A12684
(�)-Terpinen-4-ol y =0.241x - 0.003 0.997 0.60 - 9.57 4.3 0.20 0.60 Aldrich 11584
Hexyl butyrate y=0.332x - 0.034 0.991 4.84 - 7.74 0.6 0.77 2.34 SAFC w256811
(+)-α-Terpineol y =0.175x - 0.003 0.998 1.02 - 10.23 4.5 0.26 0.79 Fluka 83073
Tetradecane Internal standard SAFC 442708
Verbenone y=0.183x - 0.032 0.994 1.30 - 9.88 1.8 0.42 1.28 Aldrich 218251
Citronellol y =0.137x - 0.014 0.998 0.90 - 8.69 9.0 0.29 0.87 SAFC S60330
Methyl ether of carvacrol y =0.239x - 0.013 0.999 0.75 - 9.06 5.8 0.23 0.70 Fluka 43778
(�)-Linalyl acetate y=0.217x - 0.006 0.998 0.72 - 7.18 0.2 0.18 0.55 SAFC w263605
Geraniol y =0.338x - 0.018 0.999 0.70 - 7.18 3.8 0.22 0.66 SAFC w250716
Geranial y =0.372x - 0.022 0.994 0.85 - 5.59 11.7 0.28 0.85 SAFC w230316
Bornyl acetate y=0.317x - 0.029 0.997 0.65 - 8.16 5.5 0.20 0.61 Fluka 45855
Thymol y =0.313x - 0.029 0.998 0.25 - 10.03 4.8 0.08 0.25 Sigma T0501
Carvacrol y =1.069x - 0.118 0.997 0.65 - 10.35 1.3 0.21 0.65 SAFC w224502
Neryl acetate y=0.242x - 0.007 0.999 0.73 - 7.31 3.8 0.18 0.55 SAFC w277304
Geranyl acetate y=0.249x - 0.009 0.999 0.46 - 7.42 2.9 0.15 0.46 Aldrich 173495
Hexadecane Internal standard Fluka 52209
(�)-(E)-β-Caryophyllene y=0.079x - 0.002 0.998 4.41 - 7.05 6.6 0.71 2.16 Sigma 22075
α-Humulene y=0.541x - 0.019 0.999 0.40 - 6.35 2.2 0.13 0.40 Aldrich 53675
(E)-α-Bisabolene y=0.111x - 0.043 0.999 1.74 - 6.97 3.4 0.31 0.94 Alfa Aesar A18724
(�)-Caryophyllene oxide y=0.105x - 0.004 0.999 2.54 - 10.17 2.7 0.46 1.40 SAFC w509647
a Response ratio vs. Concentration ratio, internal standard correction applied.
Each internal standard is reference compound for the analytes that follow.
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Afterwards, 1ml of 2.8% (w/v) trichloroacetic acid and 1ml of 1%
(w/v) thiobarbituric acid were added to the test tube, which was
boiled for 10min to develop the pink coloured malonaldehyde–
thiobarbituric acid (MDA-TBA2) adduct. After cooling, its absor-
bance was measured at 520nm.
Nitric oxide scavenging capacity

The nitric oxide (NO) scavenging activity of the samples was mea-
sured according to the method in the literature.[33] In this method,
50μl of serially diluted samples were added to 50μl of 10mM
Copyright © 2015 Johnwileyonlinelibrary.com/journal/ffj
sodium nitroprusside in phosphate-buffered saline (PBS). The reac-
tionwas carried out on a 96-well plate, incubating at room temper-
ature for 90min. Finally, an equal volume of Griess reagent was
added to each well, and the absorbance was read at 546nm.
Reducing power

Each sample (300μl) was mixed with phosphate buffer (2.5ml,
0.2M, pH6.6) and potassium ferricyanide K3[Fe(CN)6] (2.5ml, 1%
w/v).[34] The mixture was incubated at 50 °C for 20min. Next,
2.5ml of 10% (w/v) trichloroacetic acid was added to the mixture,
Flavour Fragr. J. 2016, 31, 57–69Wiley & Sons, Ltd.
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which was then centrifuged for 10min at 3000 rpm = 1000g. The
upper layer of the solution (2.5ml) was mixed with distilled water
(2.5ml) and with 0.5ml, 0.1% (w/v) FeCl3, and the absorbance
was measured at 700 nm.
Thiobarbituric acid reactive substances assay (TBARS)

Egg yolk homogenate was used as lipid-rich media,[35] i.e. an ali-
quot of yolk material was made up to a concentration of 10%
(w/v) in KCl (1.15%, w/v). The yolk was then homogenized for
30 s followed by ultrasonication for further 5min. Next, 500μl of
the homogenate and 100μl of the sample, dissolved in methanol,
were added to a test tube andmade up to 1mlwith distilled water,
followed by the addition of 1.5ml 20% (v/v) acetic acid (pH3.5)
and 1.5ml 0.8% (w/v) TBA in 1.1% (w/v) sodium dodecyl sulfate
(SDS). This mixture was stirred and heated at 95 °C for 60min. After
cooling at room temperature, 5ml of butanol were added to each
tube, stirred and centrifuged at 3000 rpm for 10min. The absor-
bance of the supernatant was measured at 532 nm using a
spectrophotometer.
Hyaluronidase inhibitory activity

Hyaluronidase inhibition was determined by measuring the
amount of N-acetylglucosamine split from sodium hyaluronate.[36]

Next, 50μl of bovine hyaluronidase (7900 units/ml) were dissolved
in 0.1M acetate buffer (pH3.6) and then mixed with 50μl of desig-
nated concentrations of the essential oils and incubated for 20min
at 37 °C. Afterwards, 50μl of 12.5mM calcium chloride was added
and incubated for 20moreminutes at 37 °C. This Ca2+ activated hy-
aluronidase was treated with 250μl of 1.2mg/ml sodium
hyaluronate and incubated for 40min at 37 °C. After incubation,
50μl of 0.4M sodium hydroxide and 100μl of 0.2M sodium borate
were added to the reaction mixture and then incubated in boiling
water for 3min. After cooling to room temperature, 1.5ml of
PDMAB (p-dimethyl amino benzaldehyde) solution (4 g of PDMAB
dissolved in 50ml of 10N HCl and 350ml of glacial acetic acid)
were added to the reaction mixture. The absorbance was mea-
sured at 585 nm in a UV spectrophotometer.
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Statistical analysis

All data were recorded as the mean± standard deviation of tripli-
cate determinations. Each error value is magnified using the
corresponding error propagation rules for arithmetic operations.
Data quality was analysed by ANOVA,[37] and means were sepa-
rated using Tukey’s HSD considering significant differences for
P< 0.05. Statistical analyses were conducted using SPSS Inc.
(Chicago, IL, USA).

Results and discussion
The EOs were obtained by steam distillation in yields ranging from
0.2 to 1.5% (w/w). The chemical composition of the selected EOs is
shown in Table 2A for the Lavandula group and Table 2B for the
Thymus group. The listing order corresponds to the elution order
in a non-polar SLB5-ms column.

The main components present in the studied L. angustifolia oil
were linalool, α-terpineol, linalyl acetate and (E)-β-caryophyllene.
Similarly, samples of plant material from Italy,[22,38] Greece,[2]

Bosnia-Herzegovina,[24] Pakistan,[39] France[40] and Spain[41] show
a high concentration of linalool and linalyl acetate. Just one of
Flavour Fragr. J. 2016, 31, 57–69 Copyright © 2015 John
the studies mentioned above found 0.23% of thymol in L.
angustifolia EO[39] (Table 2A). Other species of the Lavandula genus
also show small amounts of thymol among its components such as
L. coronopofolia.[42]

In the case of L. latifolia oil, the main components were
β-pinene, 1,8-cineole, linalool, camphor and (E)-α-bisabolene.
Other samples from Spain were found in the literature, whereas
1,8-cineole, linalool and camphor were common for all the cases,
β-pinene was found among themain components only in the case
of Valencia[5] and Castilla La Mancha.[41] The high concentrations
of linalool and (E)-α-bisabolene found in our sample could be a pe-
culiarity of the growing zone. Comparatively, our sample is very
similar to the ones from Zaragoza[43] and the average of Spain.[44]

Lavandula hybrida samples show some differences between the
two cultivars, 1,8-cineole, linalool, camphor, borneol, terpinen-4-ol
and linalyl acetate being the main components of L. hybrida cv.
Grosso oil. Moreover, the most abundant compounds present in
L. hybrida cv. Super oil were (Z)-β-ocimene, 1,8-cineole, (E)-β-
ocimene, linalool, camphor and linalyl acetate. Characteristic
compounds of L. hybrida in themajority of samples are 1,8-cineole,
linalool, camphor and linalyl acetate. Reports from Spain (Castilla
La Mancha)[41] show a similar concentration of borneol to the stud-
ied sample, as well as the French report[45] which also shows
terpinen-4-ol among the main components. The report from
Turkey[46] shows ocimene like the studied samples, but the reports
from Italy[38] and Greece[47] show different main compounds from
the samples studied.
The main components of the Lavandula group were oxygen-

ated monoterpenes, mainly alcohol (linalool), ester (linalyl ace-
tate) and ether (1,8-cineole). Lavandula angustifolia showed the
best yield in linalool production whereas both cultivars of L.
hybrida showed the highest yields for linalyl acetate and
terpinen-4-ol. The lowest yield of linalyl acetate and the highest
of camphor and 1,8-cineole among the Lavandula group was
found in L. latifolia. The high content of camphor found in L.
latifolia and L. hybrida seems related to the content of sesquiter-
penes of the caryophyllene type when compared with the low
content of camphor shown in L. angustifolia, i.e. a high concen-
tration of (E)-β-caryophyllene shows relation to low concentra-
tions of camphor.[41,48]

Thymus zygis chem. thymol EO is the most studied case in the
literature. In the studied sample, the main components were
myrcene, α-terpinene, p-cymene, γ-terpinene, linalool, thymol
and carvacrol. p-Cymene was found in all reported cases. Thymol
and γ-terpinenewere found among themain components in all re-
ported cases except one from Portugal[14] and another from
Almería (Spain).[11] Portuguese reports[15,16] are the only ones
showing similar concentrations to the studied sample regarding
myrcene and α-terpinene. The report from Jaén (Spain)[13] has a
similar concentration of thymol. The studied sample is very similar
to the ones from Jaén (Spain),[13] Córdoba (Spain),[49] Mirandela
(Portugal)[16] and central Portugal,[15] and similar to the ones from
the north of Portugal.[12,50]

In the case of the T. hyemalis chem. cineole EO, the main com-
pounds were α-pinene, camphene, β-pinene, p-cymene, 1,8-
cineole, linalool, camphor, borneol, terpinen-4-ol, α-terpineol and
geraniol. p-Cymene and borneol are present in all studied litera-
ture, whereas β-pinene, terpinen-4-ol, α-terpineol and geraniol
are just present among the main components in the studied sam-
ple. Just Spanish experimental crops samples[9] and the studied
sample show linalool as a main component of the EO. Regarding
Spanish samples, the one from Almería[8] is the most similar to
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/ffj
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the studied sample, and the ones from designed experimental
crops[7,9] are also similar to the studied sample. The Turkish
sample[10] is the most different sample from the ones reported
here.

The main components present in T. zygiswith a high proportion
of linalool EOwere α-pinene, myrcene, α-terpinene, p-cymene, lim-
onene, γ-terpinene, trans-sabinene hydrate, linalool and terpinen-
4-ol. Myrcene, γ-terpinene, linalool and terpinen-4-ol were present
in most of the reported samples in the literature, establishing, thus,
the main common components. A high similitude was found
between the studied sample, the Spanish sample from Jaén[13]

and the experimental crops sample,[9] a higher difference can be
found in the Spanish sample from Almería[8] and to the central
Portugal sample.[15]

Themain components in thecaseof theThymusgroup (Table2b)
were oxygenatedmonoterpenes, mainly alcohols (thymol, linalool,
terpinen-4-ol) and ether (1,8-cineole), andmonoterpene hydrocar-
bons, γ-terpinene, p-cymene, α-pinene and β-myrcene showing
the highest concentrations.

Thymus zygis with a high proportion of thymol was found
richer in thymol, carvacrol and their biosynthetic precursors: γ-
terpinene and p-cymene.[51] Thymus hyemalis shows a high con-
centration of 1,8-cineole and remarkable concentration of some
of the products obtained from ad latere geranyl pyrophosphate
reactions not leading to 1,8-cineole.[52,53] Those reactions are:
geranyl pyrophosphate→geraniol→ α-terpineol→ terpinen-4-ol
and geranyl pyrophosphate→α-pinene ↔ β-pinene→
camphene→ camphor→borneol. T. zygis with a high proportion
of linalool is rich in linalool and terpinen-4-ol, and it has an inter-
esting concentration of γ-terpinene not further developed into
p-cymene and thymol.

Regarding the chiral determination (Table 3), (R)-(�)-linalool is
shown in all determinations, as reported from Turkish EOs.[23,54]

The same case happens with (R)-(�)-linalyl acetate or (S)-(+)-
terpinen-4-ol reported in samples from Germany.[21] However, in
the studied sample, all commercially available chiral compounds
were examined, finding that (S)-(�)-camphene had lower concen-
tration in the samples of L. latifolia and L. hybrida cv. Grosso among
Lavandula group. Interestingly, (R)-(+)-β-pinene and (1R,2S)-(+)-
borneol are found in lower concentration in L. latifolia and L.
angustifolia, respectively, L. hybrida being a good source of pure
(1R,2S)-(+)-borneol as reported in French and Swiss samples.[55]

High variation is found in (R)-(+)-α-terpineol throughout the
Lavandula group.

In the case of Thymus samples (Table 3), just two of the deter-
mined enantiomers, i.e. (S)-(+)-terpinen-4-ol and (R)-(+)-α-terpin-
eol, show some variation in concentration. According to the
reported data from Israel,[55] (1S,2R)-(�)-borneol has a high purity
in these Thymus species. Variations were found in some worldwide
studies about enantiomers of Thymus sp. EOs,[56] in the studied
samples (R)-(+)-α-pinene and (R)-(+)-limonene were found.

Thymus zygis with a high proportion of thymol sample obtained
the best results for almost all the antioxidant assays (Table 4), just
three assays showed better performance for other samples, i.e.
both cultivars of L. hybrida showed the highest chelating power,
and L. angustifolia provided the highest OH• and ROO• scavenging
activity.

The order of the tested samples in the reducing power assay
(Figure 1) is: T. zygis high thymol> T. zygis high linalool≈ T.
hyemalis> L. hybrida cv. Super> L. hybrida cv. Grosso≈ L.
latifolia≈ L. angustifolia. Thymol may have the best reducing activ-
ity because it was determined as the main component of T. zygis
Flavour Fragr. J. 2016, 31, 57–69 Copyright © 2015 John
 Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/ffj



Figure 1. Reducing the power assay. Comparative for the assayed essen-
tial oils (EOs) (bottom and left axes), and ascorbic acid as standard (top
and right axes)

†Correction added on 13 November 2015, after first online publication: Acknowl-
edgements section has been added.
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high thymol. Positive results also agree with that reported for T.
hyemalis from Turkey.[10]

The high performance of L. hybrida followed by T. hyemalis in
chelating power (Table 4) can be explained by the high contribu-
tion of ester and ether groups to the general composition of the
EOs. The case of L. angustifolia, showing high values in the hy-
droxyl and peroxyl radical scavenging assays, is explained by the
high concentration of alcohol and ester groups, i.e. mainly linalool
and linalyl acetate, respectively.

The results for the DPPH assay (Table 4), reveal that L.
angustifolia has a better performance than L. hybrida cv. Super, in
accordance with that reported for EOs from Italy.[38] The best per-
formances showed by T. zygis high thymol and T. hyemalis in some
antioxidant methods (Table 4), i.e. nitric oxide, ABTS and DPPH
scavenging capacity, may be as a result of the concentrations of
the common molecules thymol and carvacrol existing in those
two samples. The phenolic molecule thymol is the main compo-
nent of T. zygis high thymol, thus, we can attribute the antioxidant
activity shown in the rest of the assays to the concentration of
thymol, as already reported for TBARS in EOs from Portugal.[14]

Nevertheless, in the case of TBARS (Table 4), T. zygis high linalool,
not containing thymol or carvacrol, shows a low IC50 as well as L.
angustifolia, showing a good performance of the pair: linalool-
linalyl acetate, in this test.

The good performance obtained using T. zygis high thymol in
the hyaluronidase inhibition assay (Table 4), mainly as a result of
thymol concentration (Table 2B), agreed with the reported results
for Thymus sp. EOs from Japan.[57] The relevant anti-hyaluronidase
activity of EOs of T. hyemalis and T. zygis high linalool, as well as the
weak inhibitory activity of L. angustifolia and L. latifolia EOs, could
be related to their respective contents in α-pinene, camphene
and α-terpineol (Tables 2A, 2B and 4).

Therefore, the EO of T. zygis with high proportion of thymol
could be used as hyaluronidase inhibitor to prevent the
hyaluronic acid fragmentation, which has dual effects, generation
of oligosaccharides with angiogenic pro-inflammatory and
Copyright © 2015 Johnwileyonlinelibrary.com/journal/ffj
immunostimulatory properties; and impairment in the reservoir
capacity of ECM that holds oligoelement cations, growth factors,
cytokines and several enzymes for signal transduction. Thus, the
EO of T. zygis with a high proportion of thymol could aid to over-
come the high number of diseases, related to the imbalance of
the hyaluronic acid homeostasis.[25]
Conclusions
A sound and quantitative study of EOs of Lavandula sp. and
Thymus sp. from Murcia country has been carried out. The main
components of the Lavandula group were oxygenated monoter-
penes, mainly alcohol (linalool), ester (linalyl acetate) and ether
(1,8-cineole), whereas the main components in the case of
Thymus group were oxygenated monoterpenes, mainly alcohols
(thymol, linalool, terpinen-4-ol) and ether (1,8-cineole) and mono-
terpene hydrocarbons, with γ-terpinene, p-cymene, α-pinene and
β-myrcene as the most abundant.

In Lavandula sp. EOs, there are high proportions of eight (+)-
enantiomers, terpinen-4-ol, β-pinene, borneol and α-terpineol
among them, and five (�)-enantiomers, linalool, linalyl acetate
and camphene among them, those mentioned are especially
relevant for their variability or purity as commented on in the
Results and Discussion section.

In Thymus sp. EOs there are high proportions of five (+)-enantio-
mers, α-pinene, limonene, terpinen-4-ol and α-terpineol among
them showing variations useful for species differentiation of the
samples, and 10 (�)-enantiomers borneol among them, unveiling
new sources of enantiomeric pure compounds.

Linalool-linalyl acetate combination is deduced to be effective. It
is found in a high concentration in Lavandula angustifolia EO, and
it showed good results when tested against hydroxyl radical,
peroxyl radical and azo radicals like DPPH and ABTS●+.

Thymus zygiswith a high proportion of thymol obtained the best
results from the antioxidant assays. The phenolic molecule thymol
is the main component of Thymus zygis high thymol, thus it is
acceptable to attribute the antioxidant activity shown in the assays
to the high concentration of thymol.

The anti-hyaluronidase activity of EOs is weak in L. angustifolia
and L. latifolia, relevant in T. hyemalis and T. zygiswith high propor-
tion of linalool, and high in T. zygis with a high proportion of
thymol.

The EOs of Lavandula sp. and Thymus sp., obtained from plants
grown in Murcia country, have potential applications in the
development of fragrances, flavours, cosmetics and drugs, they
can be especially useful for the treatment of diseases related to
oxidative stress, extracellular matrix breakdown and hyaluronic
acid homeostasis.
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