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ABSTRACT

Traditionally aromatic and medicinal plants haverbeollected from the wild. However, wild
collection does not allow high quality plant maaéto be collected and produces deforestation
thus threatening the species harvested. It shoelddued that strict rules are published to
regulate the quality of the volatiles. Additionallwhen the plant material is intended for
medicinal use, the effectiveness of the differantiva substances such as polyphenols and the
concentration thereof, might varies hugely from owlividual to another. The need to find high
quality specimens and to cultivate the selectedvididals not only increases the yield and the
quality of collected plant material but also enaldastainable development and conservation of
the species. In addition to that, some of the patara for cultivating these species are
unknown. In order to overcome such problems, thenmtbtal variability of the secondary
metabolites and morphological variation lddvandula latifoliaMedik., Salvia lavandulifolia
Vahl. L. andThymus mastichink. has been evaluated to find high quality indi)ats.

In view of the great chemical variability that ocgtoth in the composition of essential oils and
polyphenols for the different studied species, af as its morphology, and given that these
features are primarily ruled by genetic charadbeisg the environmental factors a weaker and
less influential factor, the ability to select onggams with characteristics and qualities desired by
the market is a real possibility for these specidég establishment of plot assays demonstrated
that these species can be easily cultivated awwpidiitd collection, allowing traceability and
offering the possibility to control agronomic paeters such as irrigation doses or treatments
that maximize the yield. Moreover the selectiomfanisms with outstanding features led to an
increase of crop productivity and gets better thenemical profit, which could be very
beneficial to the industry.



RESUMEN

El presente estudio se llevd a cabo para apoyaeetor agrondémico y para superar los
problemas actuales que el mercado de las plardagaticas y medicinales (PAM) tiene hoy en
dia. El problema principal se debe a que las PAMaserecolectado tradicionalmente de forma
silvestre. La recoleccion silvestre no permitedeogida de material vegetal de alta calidad y
produce la deforestacion, amenazando las espextetectadas. Hay que afiadir que existen
estrictas regulaciones en materia de calidad pacarhercializacion de los aceites esenciales.
Ademas, en el caso de que el material vegetal aem yso medicinal, la eficacia de las
diferentes sustancias activas, tales como poliésngl la concentracion de los mismos, puede
variar de un individuo a otro. La seleccién de gjlmes de alta calidad y el cultivo de
especimenes seleccionados, no sélo aumenta emientth y la calidad del material vegetal
recolectado, sino que también permite el desarsagienible y la conservacidén de la especie.
También cabe afiadir que algunos de los parametaps pultivar estas especies son
desconocidos. Para superar estos problemas, labiaad quimica de los metabolitos
secundarios y la variacion morfolégica Havandula latifolia Medik., Salvia lavandulifolia
Vahl. L. y Thymus mastichind. se ha evaluado con el fin de encontrar indiegdde alta
calidad. En vista de la gran variabilidad quimice ge produce tanto en la composicion de los
aceites esenciales y los polifenoles para las afifes especies estudiadas, asi como en su
morfologia, y dado que estas caracteristicas depepdncipalmente de factores genéticos,
siendo los factores ambientales un factor menoslyigriite, la capacidad de seleccionar
organismos con caracteristicas y cualidades desqaatael mercado es una posibilidad real
para estas especies. El establecimiento de engdgw®strO que estas especies pueden
cultivarse facilmente evitando la recoleccién sive y permitiendo la trazabilidad del
producto. Del mismo modo, ofreciendo la posibilidedcontrolar los pardmetros agronémicas
tales como dosis de riego o tratamientos que magimel rendimiento. Ademas, la seleccion
de organismos con caracteristicas deseadas poremlado conduce a una mejora de la
productividad de los cultivos y a un aumento deidfieio econdmico, que podria ser muy

beneficioso para la industria.
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General Introduction

1.1 Aromatic and medicinal plants overview

The medicinal and aromatic plants (MAPs) salesaali@ge worldwide market, as can be seen
through the following figures. The volume of MARsded globally for the period between
1991 and 2003 was quantified by Lange, D. (2006)467.000 t and for a value of US$ 1.2
billion. Another conclusion that can be drawn frtime available data is that the world traded
volume of MAPs has shown a steady increase inabkeyear as reflected in the increase in
exports and imports in the last decades. The IdingaMAPs importing countries, imported a
total of 320.650 t for a value of 930.520.000 USfthe period between 1991 and 2003 while
the amount of MAPs imported for the period betw2684 to 2008 was 338.173 for a value of
1.004.692.000 US$ (Lubbe and Verpoorte 2011). Bmeestendency is shown in export figures
for recent years. The exports of the 12 top leadkyprters accounted for 368.200 t for a value
of 807.977.000 US$ for the period 1991-2003 whiile exports for 2004-2008 increased to
416.807 t for a value of 923.728.000 US$ (Lubbe Wedooorte 2011). With respect to the
leading exporters of MAPs in the world between 18@H 2003, China, Hong Kong, India,
Mexico and Germany were the countries that expoléeger volumes while China, India,
Mexico and Egypt were the top exporters from 20042008. On the other hand China,
Morocco, India and Egypt were the leading supplierEEuropean countries between 2008 and
2012 (CBI 2013)This steady increase in the consumption of platomething that has also
taken place in Spain. Increased consumption of atiesnplants in Spain has been reflected in
increased imports and increased national cultigaitiorecent years. In last decades Spain has
been in the top 10 world leading importing courstrted MAPs positioning itself in tenth and
ninth place. The volume of imported MAPs in Spaétvieen 1991 and 2003 was 9.850 t for the
value of 2.7648.000 US$ while the volume of impdrplants between 2004 and 2008 was
15.670 t for the value of 44.337.000 US$ (Lubbe &m®dpoorte 2011). This upward trend

continues today as shown in the following figure.
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Figure 1: Leading European importers of MAPs 2008-2012 @9Q.t
Source: CBI
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Spain has not only increased imports of MAPs bstdiso increased the national land dedicated
to growing this kind of crops and in recent yeaies production of aromatic plants has increased
from 2.180 ha in 2004 to 9.810 ha in 2014 (MAGRAN®B14)

The main markets where MAPs are sold in the wardnaedicinal, food, cosmetic and perfume
industry. The most commonly used herbal medicimem fplants in the world ar&chinacea
purpurega Panax ginsengSerenoa repenssinkgo biloba Hypericum perforatumValeriana
officinalis, Allium sativum Tanacetum partheniuntEphedra sinicaCimicifuga racemosand
Piper methysticumOther examples of most commonly traded speciesl s isolate target
compounds arePapaver somniferumDigitalis lanata Atropa belladonna Taxus spp.,
Cinchonaspp., Catharanthus roseuand Artemisia annuaamongst others. Some examples of
the most frequently used natural colorants for fand cosmetics arEagetes spatulaluglans
regia, Lawsonia inermislsatis tinctorig Curcuma longaCapsicum annuunVitis vinifera or
Spinacia oleraceaFinally some examples of the most used specieshi® extraction of
essential oils in the world with a production abd@ tons (in decreasing quantityjitrus
sinensis Mentha arvensisCitrus limon Eucalyptus globulysvientha x piperitaCymbopogon
winterianus Syzygium aromaticunCinnamomum micranthunCitrus aurantifolig Lavandula

x intermedia Pogostemon cablinMentha spicata E. citriodora, Chamaecyparis funebris
Litsea cubebaluniperus virginianalllicium verum Citrus reticulateandVetiveria zizanoides
Essential oil crops with a production from 100 &tdns ard_avandula latifolig Salvia sclarea

S. officinalis S. lavandulifolia Pimenta dioica Thymus zygisT. vulgaris Origanum majorana

andOcimum basilicunfLubbe and Verpoorte 2011).

In Spain the demand for plants for extraction cfeedial oils is higher than the demand for
medicinal plants; however, the number of compaimi¢srested in medicinal plants is also
substantial (CBI 2013) . Some of the most usedcamdumed species of MAPs in the Spanish
industry aréMentha x piperitaMelissa officinalis Papaver somniferun€hamaemelum nobile
Equisetum arvensd hymusspp., Rosmarinus officinalisSalvia officinalis, S. lavandulifolia
Pimpinella anisum, Lavandula latifolia, Matricarighamomila, Ginkgo biloba, Tilia spp,
Juniperus communis, Passiflora incarnata, Eucalgmlobulus andCrocus sativusvhich are
mainly wild harvested or imported. Some of themals® cultivated in small amounts with the
exception ofL. angustifoliaand lavandin which are widely farmed (Arraiza Bédez-Cafiete
2006; Palos and Gorgues 2002). The MAPs produdidhe different Spanish regions can be

seen in the following figure:
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Surface of MAPs production in Spain (2014)

OAndalucia BAragon OBaleares

O Castilla-La Mancha mCastillay Leon OCatalufia

B Extremadura OMadrid mMurcia

ENavarra OLa Rioja OComunidad Valenciana

Figure 2: Surface of MAPs production in Spain 2014.
Source ANIPAM

Many of the MAPs sold in the world market are coiéel from their natural habitat. In the
world between 60 and 90% of the raw material used@¢dmpanies selling products obtained

from aromatic and medicinal plants come from wibdlection (Laird et al. 2002).

In SpainThymus mastichine one of the plants most collected from the wilBpain and 95%
of the annual production of this species comes fwihd collection, while only 5% of the
production is under culture. Faavandula latifolia30% of the production comes from wild
collection and 70% is under culture and fdalvia lavandulifolia20% comes from wild

collection while 80% is harvested from crops.

Lavandula latifolia, Salvia lavandulifolimand Thymus mastichinayere selected for this study
because they are all characteristic plants growirgpain and they are important for the world
and for the Spanish MAPs industry. Regarding anpuadluction of these species, in Spain in
2014 the production was of 20.11 ha féhymus mastichinaAndalusia being the main
producer, 136.42 ha f@&alvia lavandulifoliaandSalvia officinalisand 595.51 ha fdravandula
angustifoliaandLavandula latifolia(ANIPAM, 2014).

L. latifolia andS. lavandulifoliaare among the 20 most traded plants for essaitiektraction
worldwide, with an annual production of 50 to 1004 per year (Lubbe and Verpoorte 2011).
Taking into consideration that an important partha#se three species are collected from the
wild in Spain, and considering that the surfaceivated nowadays is really small and the

production per hectare is low, and taken into antthat these species are of high interest for
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the world market with an increasing demand for th8pain is the perfect place to increase the
surface of cultivation and the yield of productiper hectare and thus decrease the wild

collection and at the same time increase the guafithe products.

The wild collection of MAPs has a series of assecigroblems that are enumerated below:

e Misunderstanding characterisation of species axihgnf similar species.

e Lack of knowledge about the kind of active ingredéeand their quality.

* Lack of homogeneity of the product.

« Lack of traceability.

e Sometimes the amount of plant material collectamnfrthe wild cannot fulfill the
market's needs.

* Wild collection can threaten species. Some plamnés szarce in nature and human
pressure reduces their numbers.

» Different methods to increase productivity and maxe yield, such as irrigation

techniques or changes in cultivation parametersatsbe applied to wild plants.

In view of these problems caused by wild collectadinof which lead to a loss of biodiversity
and in view of the net balance between importsexmbrts, there is an increasing need to study
the growing of MAPs of industrial interest to enbartheir cultivation and to promote their
sustainable development and biodiversity. The msmeof the value of MAPs has led to the
need to strengthen the sector. In recent yearsahsumption of MAPS has increased in Spain.
Imports are greater than exports; however a laugeber of plant species are naturally growing
in Spain (it being the country with the highestdirsity in Europe), hence this country has
the suitable weather and environmental conditimrstifie sustainable production of MAPs.
Besides the lack of farmed medicinal and aromdtiatpspecies and the lack of a proper plant

material selection, it implies a loss of produdtivand biodiversity.

The search for individuals with enhanced propetiighe key to increase the production per ha
and to improve the quality of the plant materiabtigh breeding programmes.

The benefits that can be achieved through cultiwadind breeding include the followings:

« Avoiding the threat to the species and encouratjiagrotection of nature.
« Estimating the production volumes enabling planmhgroduction.
« Possibility of implanting traceability systems a&tablishing controls on plant material

quality, thus avoiding adulteration or fraud.
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* The use of the appropriate irrigation dose or fatiery agronomic techniques can be

applied to improve production.

There is great variability (inter and intra-popida) in wild species, different populations have
different selection pressures and therefore can ifesn morphological and chemical
differences. Moreover, different individuals withéiach population show differences due to the
different genetic combinations that each has actatedl The diversity is crucial for carrying
out breeding programmes. Therefore, it is importemtstudy the biodiversity through its
characterization, evaluation, and conservationraate this available for breeders, in order to
better use these genetic resources. In this waygeswstypes of wild species, with key genes

will be found allowing development of new cultivdes agricultural production.

1.2. Secondary metabolites

Plants are able to synthesize many kinds of cong®gnch as carbohydrates, lipids, proteins
and vitamins. Some of these compounds are syn#tksiar the survival, growth and

reproduction of plants, that is, they are parthef primary metabolism of plants and are present
in all of them. Besides these compounds, plantsaie capable of synthesizing secondary

metabolites which are often derived from primarytabelites.

Secondary metabolites are natural compounds prddogeertain organisms. They are called
“secondary” because they are not directly involvadthe survival of the living beings.

However, they play an indispensable role for liviogganisms and plants. Unlike primary
metabolites, which are common to all plants, seapndnetabolites are characteristic and
change from species to species. These compoundsmaraonly stored in particular parts of the
plant as vacuoles or secretory structures suchasg, spikes, trichomes, glandular or stinging

hairs, laticifers, ducts etc.

Although nowadays the exact functions of some sg@gnmetabolites are still unknown, these
compounds can be toxic or beneficial for the rédivong beings. They are mainly involved in
defence mechanisms working as allelochemical prsduacting against herbivores,
microorganisms, pests, pathogens or competitivat@ldhey can act as internal messengers
and also confer on plants characteristics suchcasoar or an odour; and thus frequently attract

pollinators for seed and pollen dispersion.
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A simple classification of these compounds basedtlwir biosynthetic origin includes

alkaloids, terpenoids and phenols.

1.2.1 Alkaloids

Alkaloids are nitrogenous organic molecules. Mahyhem are toxic or have pharmacological
activity. Examples of these groups of compoundsraephine synthesized by the opium poppy
(Papaver somniferujn cocaine isolated from the coca plarEnythroxylum cocaand
Erythroxylum novogranatenser caffeine synthesised I§yoffea arabica The species studied

here do not contain alkaloids.

1.2.2 Terpenoids

These are also known as isoprenoids and are dedsafrom isoprene which is a small

molecule of five carbon atoms. They are hydrocashwith additional functional groups and the
name terpene comes from turpentine, one of the plaint raw materials used in former times
consisting mainly of terpenes. Depending on thelvamof isoprenes forming a terpenoid they

can be classified as follow:

- Hemiterpenoids: 1 isoprene unitsfC

- Monoterpenoids: 2 isoprene units;{C
- Sesquiterpenoids: 3 isoprene unitgsfC
- Diterpenoids: 4 isoprene units4C

- Sesterterpenoids: 5 isoprene unitgsC
- Triterpenoids: 6 isoprene unitsfC

- Tetraterpenoids: 8 isoprene unitgd)C

- Polyterpenoid: with a larger number of isoprendsuni

The cyclic ether 1,8-cineol, also known as eucalyps the most important terpenoid for the
species of interest being the main compound._fdatifolia, S. lavandulifoliaandT. mastichina

essential oils and it is a characteristic compdananany species of the Lamiaceae family, also
being the main compound for eucalyptus genera and also known as eucaliptol. Other
important terpenoids very abundant in the specieeustudy are camphor, linalool, borneol

anda andg-pinene.

10
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1.2.3 Phenols

Phenols are compounds formed by a hydroxyl grodpif-bonded to an aromatic hydrocarbon
group (GHsOH). They can be synthesised through two main syiatipathways: the shikimate

pathway and the acetate pathway (Harborne 1993gnWs structure element occurs several
times in a molecule, the molecules may be calldgpbenol. They can be classified taking into

consideration their chemical nature:

- Phenolic acids

Phenolic acids are organic compounds derivated frenzoic or cinnamic acid. In general they
include phenols that have a phenolic ring and caflimacid functionality. Depending on their

origin they can be classified as follow:

- Hydroxycinnamic acid

- Hydroxybenzoic acid

- Flavonoids

Flavonoids are molecules formed by 15 carbon at(@a$1,00,) containing two phenyl rings

and one heterocyclic ring. They are synthesizeoudin the phenyl-propanoid metabolic
pathway and in this process the amino acid phemyilaé produced 4-coumaroyl-CoA. It is a
very diverse family of compounds. The changes seffafter the biosynthetic pathway it can

lead to one type of compounds or another (Boras. 010):

- Anthocyanins
- Flavonols

- Flavanones

- Chalcones

- Flavones

- Lignans

Lignans are a kind of polyphenols mainly found éeds in small concentrations and built up of

CsCs units.

11
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- Stilbenoids

Stilbenoids are hydroxylated derivatives of stikbevith a G-C,-Cg structure.

Rosmarinic acid is the main polyphenolic compoundnfl in the 3 studied species and a
characteristic compound for the Lamiaceae speti@sdison et al. 1990). Although there is a
huge variability in polyphenolic compounds in theesies of interest some characteristic
compounds like caffeiacid and chlorogenic acid are common to the thpeeiss. Luteolin,
apigenin and their derivatives are also compouretpuently present iBalviag Lavandulaand
Thymusgenera (Boros et al. 2010; Spiridon et al. 20ht) salvinolic acid derivatives, carnosol
and carnosic acid are very characteristic phenotsn fSalvia genus (Johnson 2011;

Zimmermann et al. 2011).

1.3 Lamiaceae family

The Labiatae family, also known ad.amiaceaeor Labiataceaecomprises 186 genera and
around 5600 species (Morales 2010Db). It is a costitegamily spread worldwide but with few
representations in the tropical rain forest. Spedielonging to this family are commonly
aromatic, because these plants are able to symthesiatile compounds and they are also an

important source of a large amount of polyphenails.
1.3.1 Botanical description

Plant habit and cyclebushy or herbaceous. They can be perennial arahnn
Root often tuberous.
Stem generally with quadrangular shape.
Leavesmainly simple, opposite or whorled and withoupsies.
Inflorescenceformed by verticillasters.
Flowers generally pentamer and hermaphrodite.

Calyx five sepals soldiers, forming a bell-shaped calfggn bilabiate.

Corolla: formed by five petals welded grouped into tweliphe upper lip is formed
of two petals and the lower lip by three petals.

Androecium It consists of four stamens, howegalviagenus has two. When it has
four stamens, it has two long ones and two shatfosed to the corolla.

Gynoeciumbicarpelar, the ovary is divided into four lobegjing to the presence of
false walls. The style is gynobasic and threadythadstigma is bifid.

Fruit: schizocarp, indehiscent, monospermic and litigosperm.
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Botanical formula:| K(5) [C(5) A4+1° ]| &
1.3.2 Uses and Properties

The importance of MAPs is based on their uses angepties. Plants from theamiaceae
family are mainly used as ornamentals, for theaexiton of essential oils, for the food industry,
as nutraceuticals or for phytotherapy. Essentialare mainly used by industries of aromas and
flavours and their uses are mostly related to peefand cosmetic production. Other uses are
aromatherapy, cleaning products or insect and megtbllents. Some examples of the most used
essential oils of theamiaceaewith an annual production exceeding 100 tons peeiss of the
genusMenthasuch as cornmintM. arvensis menthol production), peppermint( piperita),
scotch spearmint\{. spicatg and native spearminki. gracilis) as well as lavandirLé&vandula

X intermedig among others. With a production of between 504008 per year the outstanding
species would be: spike lavendeayandula latifolig, sage $alvia sclareaS. officinalis andS
lavandulifolia), thyme {[Thymusvulgaris and T. zygi§ and marjoram @Qriganum majorang

(Lubbe and Verpoorte 2011) among others.

In the food industry, MAPs are mainly used as dhedbs in order to enhance colour, taste,
smell and/or act as a preservative. The gémeisthafor example is often used in drinks; thyme
and rosemary are used in snacks, olives, dressisigsls or vinegars etc. As preservatives,
thyme and oregano are often used as a marinadedats or cheeses to slow the appearance of

microorganisms and to increase the life of the pctd

Many species of theamiaceadamily are also marketed as phyto-pharmaceuticadyrcts. The
medicinal properties of this plant family are vargepending on the genus in particular. Several
species of the genera belonging to this family sag¥ienthg RosmarinusOriganum Thymus
Lavandulafor example, have multiple properties such asbanoterial (Okoh et al. 2010),
antifungal (Adam et al. 1998), antiviral (Tada btl®94), anti-spasmodic (Babaei et al. 2008)

and anti-inflammatory (Conforti et al. 2008) etc.

1.4Lavandula genus:Lavandula latifolia Medik.

1.4.1Lavandula genus
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Lavandulabelongs to the subfamiljepetoideaand it is formed by a total of 39 species. It is a
group of typical Mediterranean plants, also whitdoapreads in the Macaronesian region and

is dispersed throughout northern Africa, southsia and Arabian Peninsula (Morales 2010a).

The plants of this genus are typical of limestookssand are shrubby perennial or short-lived
herbaceous plants. Leaves can be entirely or dekkgdected and even absent in some species.
The species of this family are characterized byidtpan inflorescence composed of compact
terminal spikes of flowers that are held on a pethurThe corolla is usually lilac, violet or blue.
The most important species of this genusLaneandula angustifolial. latifolia and the hybrids

created from both (Lavandins).

1.4.2 Uses and properties

Lavandulaspecies are mainly grown for the perfumery industheir essential oils are widely
used in cosmetics and perfumes and in recent y&sanse for aromatherapy has increased. Its
medicinal use is less widespread but is also imapgrtespecially its sedative properties.
Infusions of lavender are a common product in trerket and there are several scientific
studies on its efficacy to cause relaxation anéptess avoiding the side effects that some
medications can cause. Kasper et al (2010) prdw&desssential oils extracted frdmvandula
genus can improve the quality of sleep and reduceéety and stress without side effects.
Among other medicinal properties are its tonic amdispasmodic action (Vanaclocha and
Caiiigueral 2003). In addition, anticancer propseréiee also attributed to this species due to the
content of perillyl alcohol (Gerhard 2002). Splkeender also has traditional pharmacological
actions such as tonic, antiseptic, antispasmodgarmleptic corrective properties (Vanaclocha

et al. 1992) and hypoglycemic effects (Gamez €1$88).

In generalLavandulaspecies also have antimicrobial effects. This ertypis variable within
the species and spike lavender, containing a higpggstion of camphor, has the most powerful
effect (Lis-Balchin 2002b). Some species also haw#ungal properties. Hanamanthagouda et
al. (2010) proved thdt. pinnatataessential oils can inhibit the growth of severaitbdal and
fungal strains. The effectivenessladvandulaas an anti-moth product is also unquestionable,
since most of the manufactured products contamdhecies, Lopez et al. (2007) analysed the
antifungal activity of spike lavender agaif&yzopus solanifemlthough this species was not
the most effective species of the extracts testeshowed inhibition. Rota et al. (2004) tested
Spike lavender essential oil agair&t thypimurim S. flexnerj L. monocytogenesS. aureus

showing inhibition for all the strains.
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On the other hand,avandulagenus species also have considerable antioxidampepres.
Gulgin et al. (2004) for example, found a very gaodioxidant result foL.. stoechad.. and
Spiridon et al. (2011)analysdd angustifoliaand although it was less active th@nganum

vulgareandMelissa officinalis results were also significant.

1.4.3Lavandula latifolia Medik.

L. latifolia grows naturally in Spain. It appears at very défe altitudes, some plants are found
high up in the mountains and others at low altit(ids-Balchin 2002a). This species is also

distributed throughout France, Italy and the foriegoslavia(Morales 2010a).

As its name suggestk(ifolia), this species is characterized by broader |lethass other plants
belonging to the gendsavandula It is a shrub with a woody base and a thick tbat can have

a length of up to 40 cm. The stem is woody and alsout 10 to 15 cm tall. Flowers have
different colorations within blue-violet range aace grouped into glomeruli. The corolla is
bilabiate and tubular and between 8-10 cm longwEtospikes are formed by cymes that are
supported by bracteoles of about 3 or 4 mm. Thi¢ iBua dark tetrachaenium with 4 seeds of
about 2 mm. The leaves are greenish and greyistvarydfrom lanceolate to spatulate. The
stem is often trident-shaped branched althoughanyntases there is no other branching. They
can reach a height of over 20 cm and the infloresedas a variable size ranging from 4 to 10
cm. The bracts look different to the vegetativevé=a The flowering date varies with geography

and is mainly between the months of July and Septem

1.4.4 Variability and chemical composition studiesf L. latifolia

Although spike lavender is a plant of great comna¢interest and the chemical composition of
the species is very important for the market, thenlmer of studies related to its chemical

composition is not very abundant, unlike what haygpgith T. mastichinaandS. lavandulifolia

One of the oldest scientific studies which repbe volatile composition of this species is from
De Pascual-T et al. (1983) who studied part ofatvapounds known at present, finding 1,8-
cineol, linalool and camphor as main compoundss(asual for this species). Mufioz-Bertomeu
et al. (2007) studied seven wild population of $pllvender, finding 28 compounds and
classifying their essential oils as high, internag¢eliand low content of linalool. These essential
oil types were respectively correlated to the SypMeso- and Thermo- Mediterranean
bioclimatic belts and 1,8-cineol, linalool and cdrapwere found to be the main compounds. In

a similar study, Herraiz-Penalver et al. (2013)niduhe same three compounds as principles,
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identifying a total of 40 compounds and finding extain relationship between the chemical

composition of the essential oils and their geolgiag origin.

On the other hand, Eikiani et al. (2008) comparéerént methods for the extraction of spike
lavender essential oil, using superheated wateraeidn, hydrodistillation and soxhlet
extraction, obtaining as a result that the supéeaewater extraction method was quicker and
more selective for oxygenated constituents. Lasnbtileast, Barazandeh et al. (2002) studied
L. latifolia cultivated in a garden in Iran, in this study tilant was brought from Europe and
cultivated for 30 years in the garden. Unlike otsteidies, Barazandeh et al. (2002) and Eikiani

et al (2008) found borneol instead of camphor as onbathree main compounds.

Although there are many studies regarding the Welabmpounds of essential oils of spike
lavender, Spanish sage and Spanish marjoram, thevery little literature concerning the
polyphenol content of these three species. Shimizal. (1990) studied the anti-inflammatory
effect of L. latifolia finding three polyphenols with this effeatoumarin, 7-methoxycoumarin
and trans-phytol. Lamaison et al. (1990) studieshm@rinic acid content of several Apiaceae,
Boraginaceae and Lamiaceae species finding an anodufO0 mg/100 g DW of rosmarinic
acid in spike lavender. Although there are few pbbnols studies oh. latifolia and these are
not up to date, the studies on lavandin are mongptete and updated, like the work of Torres-
Claveria et al. (2007) detecting a total of 32 pblgnols in lavandin waste using liquid
chromatography coupled to ionspray mass spectrgrils®/MS/MS).

1.5 Salvia genusSalvia lavandulifolia Vahl.

1.5.1Salvia genus

Salviais a cosmopolitan and diverse genus which compridmut 900-1000 species. It is a
genus distributed worldwide and more than halhef$pecies are found in Central America and
South America(Saez 2010; Walker and Sytsma 200i73lI@he species of the genus, the most
cultivated and most important in the world marlss iofficinalis and is popularly known for its
use in food, as an ornamental and a medicinal phastlareg S officinalis, S lavandulifolia
are widely used for essential oil extraction (Lulamel Verpoorte 2011) and other commercial

sage species also incluBefruticosa, S. verbenacandS. tomentosé&intzios 2004).
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It is a plant that can be multiplied by seeds,iog#, layering and division rooted feet (Mufioz
1987) and is able to grow in diverse habitats. ddleur of the corolla can be blue, red or white

and less commonly yellow. Unlike the restabiatae the androecium consists of two stamens.

1.5.2 Uses and properties

The genusSalviais mainly used as an ornamental plant, for its ioied properties or for
essential oil extraction. As regards its medicalpgrties, it is noted by its memory enhancing
properties (Eidi et al. 2006; Tildesley et al. 2p@8d anti-inflammatory action (Dweck 2005;
Kintzios 2004). Sage infusions are also traditigpnaked from dry or fresh plant parts as a
remedy for ailments such as abdominal pains, cqugbee throat, stomatitis, gingivitis,
toothaches, diarrhoea, stomach ache, diabetes,rtbgp®n, rheumatism, skin diseases,
perspiration, fever; as a carminative, spasmolwitiseptic/bactericidal; astringent; as a gargle
or mouthwash against the inflammation of the mottimgue and throat; a wound-healing
agent; in skin and hair care; and against rheumadisd sexual debility in treating mental and
nervous conditions (Kintzios 2004; Vanaclocha aadiGueral 2003; Veatkovi¢ et al. 2003).

Besides these medical uses, several species gfethes have also shown antioxidant activity
(Asensio-S-Manzanera et al. 2011; Lu and Foo 20R&nos et al. (2010) demonstrated that

due to the existence of polyphen8lalviagenus shoes a DNA protective effect.

As is common for the Lamiacea family, biocide mds inhibiting bacteria and fungi have
also been proved (Longaray Delamare et al. 20G@ydkili et al. 2003). Giner et al. (2012)
studied the effect of a mixture of plant extraastainingS lavandulifolia,R. officinalis andT.
mastichina The mixture was tested against microorganisnisusaally appear in tomato soup,
showing inhibition of the bacteri&. coli, S. enterica E. aerogenesB. cereus S aureus The
same mixture was also studied by Vegara et al. (R6ihding inhibition of E. coli and S.

aureus

With regard to the essential oils, Santana et28l12) also proved the effectiveness of the
essential oils of Spanish sage against fungi detraiimgy inhibition forFusarium moniliforme

F. oxysporumand F. solani and antifeedant activity fot. decemlineata, S. littoralis, M.
persicaecand R. padi Usano-Alemany et al. (2012) tested the essenilaéxtracted from
Spanish sage in the different seasons of the yg=anst several bacteri& (coli, B. subtilis, B.
polymyxa, E. aerogengeB. fluorescens, S. marcescens, Salmorggd)aand fungi €. albican$
finding inhibition for all the microorganisms tedtehowever, the essential oils coming from

autumn and winter produced higher inhibition on trewth of most of the bacteria used.
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Pierozan et al. (2009) found good results agd&nsiubtilis E. faecalis M. luteus S. aureussS.
mutans,finding that essential oil of Spanish sage is meffective as a bacteriostatic agent

against Gram-positive microorganisms.

On the other han&alvia has also been used as a drug target for Alzhesimawing positive
effects in patients with healthy memory or demeijitkhondzadeh et al. 2003; Perry et al.
2003). S. lavandulifolia has shown anticholinesterase activity and a pliote@ffect against
Alzheimer (Perry et al. 2003; Savelev et al. 200Bjesley et al. 2003) demonstrating also
anti-inflammatory, oestrogenic and sedative effadit®f which were relevant to the treatment

of Alzheimer's disease.

1.5.3Salvia lavandulifolia VVahl.

This species can be found in the calcareous mawnfedm the western Mediterranean area or
in limestone, marl and gypsiferous soils at a heligtween 200 and 2000 meters, however it is
more common to find it between 600 and 1000 m tfude (Burillo Alquézar 2003). It is
grows in Spain, southern France and north-westcAf84ez 2010). It is a shrub with woody
stems at the base that reaches a height of 20 tsn69 he leaves are simple petiolates and the
corolla is frequently pink, blue or violet with &igght of around 15 to 40 mm. Androecium is
formed by two stamens. This plant can withstandi@asoils and inhospitable environmental

conditions; however it does not resist the excésgter.

The essential oil production is around 13.90 L/MM®<si et al. 2011). This species presents a
huge morphological and chemical variability and tilessom period extends from June to
September depending on the geographical locatidnirarspain it extends from late June to

early August.

Subspecies (S4ez 2010):

- Subsplavandulifolia. Usually a hairy calyx with teeth smaller than 3 mividespread
in the centre and East of Spain.

- Subsp.vellerea Usually persistent bracts, size of teeth of tag»cbetween 3 and 5
mm. It grows in the East and South of the Iberianifsula.

- Subspmariolensis Bracts usually not persistent, size of teethhefthe calyx between

0.7 and 2.2 mm. It grows only in the East of Spain.
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- Subspblancoana Open and branched inflorescence, early decidomads, calyx with
indumentum composed mainly by glanduliferum haimrplla size between 24 and 40
mm. Characteristic of Spain and Northern Africa.

- Subsp.oxyodon Glabrescent calyx with teeth larger than 3 mnre8g through the

East of Spain.

1.5.4 Variability and chemical composition studies

Although there is a huge chemical variability farlavandulifolia essential oil, there are no
chemotypes clearly accepted. However Jordan €28D9) classified several samples ®f
lavandulifolia subspyellereain different chemotype groups because there vwasat chemical

variability regarding the main compounds.

With current methodologies and chromatographic napkes there is a large amount of
secondary plant metabolites that can be known,Satda presents a huge variability of these

compounds.

With respect to the chemical compositionSofavandulifolia, what characterizes this species is
the absence af andg-thujone which are chemical markers that distinigislavandulifolia
from S. officinalis (Guillén et al. 1996; Herraiz-Penalver et al. 20¥@the et al. 2006; Perry et
al. 2003). However, some authors have found largeuats of these compounds in Spanish
sage. For example, Mossi et al. (2011) and Pierezaal. (2009) found a content of these
compounds of 18.95%=+7.7 ferthujone and 19.96%+3.5 fgi-thujone. On the other hand,
Guillen et al. (1996) found a contentwthujone of 11.07%. This is not typical of thisesges;
however this could be due to hybridization with esthspecies ofSalvig to particular

environmental conditions that favor the formatidnhmjone, or misidentification of specimens.

Usano-Alemany et al. (2012) studied the seasariileince on the yield and in the chemical
composition obtaining an important variation batththe yield and in the chemical composition
during the different seasons, finding as main camps: 1,8-cineol (21.4-33.8%); limonene
(5.6-10.4%);a-pinene (10.5-17.5%)3-pinene (6.0-17.3%); myrcene (t-10.0%); camphot-(6.
9.4%); andrans-caryophyllene (4.0-8.5%), which varied accordiaghe seasons. Contrary to
what happens with other species (8.gmastichinaor L. latifolia), where the main compounds
are stable and remain as principal for that spedtesSpanish sage major compounds vary
widely depending on the collection site, the enwinental conditions etc. Herraiz-Pefalver et
al. (2010) found a similar composition analysingvdigl populations of this species, obtaining a

huge range of variability for the main compound8-{dineol 6.4-34.5%; limonene 0.8-16.2%;
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a-pinene 6.7-23.2%p-pinene 3.8-19.2%; camphor 0-15.4%). The valuestiomed values
represent the composition of essential oil extchétem the whole plant. However, Schmiderer
et al. (2008) in a more detailed study, descriteddomposition of the different parts of this
species finding that leaves and calyces are cleizetl by the main compounds, 1,8-cineol,
camphor ands-pinene, and by the sesquiterpereSumulene angs-caryophyllene and the

corolla shows the highest proportion of borneot,dlow concentration of camphor.

As already mentioned, there are many studies ondhmposition of the essential oils of Spanish
Sage, but there is little and outdated literatuneSo lavandulifoliapolyphenols. Lu and Foo
(2002) made a complete review concerning the p@gpls dectected in sevefdlviaspecies
finding several publication from various authors $panish Sage polyphenols between 1974
and 1999 reporting several compounds such as rosmacid, apigenin, genkwanin, 7,4’ -
dimethyl ether, luteolin, chrysoeriol, hispiduliciysimaritin, nepetin, eupatorin and 6,7,3",4"-

tetramethyl ether.

1.6 Thymus genusThymus mastichina L.

1.6.1Thymus genus

Thymusbelongs to the subfamily Nepetoideae. It comprizgsa total of 220 species and it
extends across Eurasia, the coast of Greenlandjldlsaronesian region, North Africa and the
mountains of Abyssinia and Yemen (Morales 2010bis & genus characteristic of the Iberian
Peninsula and it includes several endemic specas there. The flowering phase begins
between March and June depending on the specpaticular. Multiplication can be done by
seed, vegetative division or cuttings-feet. It gsaw a warm temperate climate and mountain
climate and is resistant to frost and drought itto excess humidity and mainly grows on
limestone or clay soils (Mufioz 1987). The calybilabiate, reaches between 3 and 8 mm and
the colours range between green, red or whitisk. cdrolla is also bilabiate and ranges from 2

to 18 mm, the colour can be white, yellow, pinkparple.

1.6.2 Uses and properties

Thymusis known since ancient times and used for medicnal culinary purposes. Currently
the plants belonging to this genus have a remagkabportance in the pharmaceutical and

perfume industry and are also used for ornamentgigses.
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The most used and produced species for essentealtmction arerhymus vulgarignd
Thymus zygismainly cultivated in Europe for its ornamental amedicinal properties and

with a worldwide annual production of between 5@-1QLubbe and Verpoorte 2011).

There is great variabilityn chemical composition and frequently differehemotypes are
found in some species of the genus. The charaitec@mmpounds from genughymus
are as in the.amiacea family, secondary metabolites mainly digssin groups of terpene

derivatives and polyphenols which confer on thisugeseveral properties:

Regarding its medicinal properti€Bhymusl. is distinguished by its spasmolytic propertias.
well as its ability to act as an antiseptic, anflammatory and antioxidant (Vanaclocha et al.
1992). Albano et al. (2011) showed that mastichinahas a high ability to inhibit 5-
lipoxygenase and thus demonstrate anti-inflammasmtyvity. Besides, Gordo et al. (2012)

found that extract of . mastichinamay have a protective effect against colon cancers

The antiseptic properties coupled with their apitib act as an antioxidant have resulted in
several novel applications in the food industrfasexample their use as livestock feed for the
transfer to cheese and milk for beneficial activbstances (Boutoial et al. 2013) or its uses as
preservative incorporated to food packaging actsgactive protecting film avoiding food
contamination by microorganisms (Mehdizadeh et28l12) and extending the life of the
product (Kykkidou et al. 2009). Another new userfddor the aqueous extract Diymusgs the
ability to prevent alcohol toxicity. Tests were feemed on mice proving that the use of
aqueous extracts dthymusdisinfect wounds liver and brain damage causedlbghol abuse
(Shati and Elsaid 2009).

In recent decades there has also been a growinghséa natural biocides to give them a

practical use such as the application thereof a8ges, medicines, antiseptics etc. Among the
different biocide action is their use as antibdat€Marino et al. 1999), antifungal (Reddy et al.

1998), insecticides (Mansour et al. 2000) or ardlvproducts (Nolkemper et al. 2006). The

biocide properties of . mastichinahave been amply demonstrated by several authokgirsi

its ability to act as bactericide, insecticide &mbicide.

With regard to the antibacterial activity of mastichinaFaleiro et al. (2003), demonstrated that
its essential oil inhibite. albicans E. coli, L. monocytogene®. mirabilis Salmonellasp, S.
aureus Moreover, Vegara et al. (2011) found that sommpmmnents ofT. mastichinacan

reduceE. coli andS. aureusIn the same way, Pouvova et al. (2008) foundbitibn of C.
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michiganensigising T. mastichinaessential oils. Concerning its insecticidal prapsy Pavela
et al. (2005) found that essential oils Taf mastichinawere highly toxic against larvae &
littoralis with LDso< 0.05 pl/larvae. Regarding the fungicide properties oftplant species,
Fraternale et al. (2003) found antifungal actiaiyainst eight pathogenic fungi of the genus
Fusarium(F. culmorum F. graminearum F. poae , F avenaceumF. equiseti F. semitectum,

F. sporotrichoidesF. nivale) and Lopez-Escudero et al. (2007) proved thatplast is highly
effective in reducing the viability of. dahliae microsclerotia. Furthermore, Pina-Vaz et al.
(2004) found antifungal activity of essential oil ®. mastichinaagainst severaCandida
species and Leal et al. (2013) found that extratfs. mastichinamay be particularly useful

againstA. fumigatus.

1.6.3Thymus mastichina L.

ThymusmastichinaL. is an endemic species from the lberian Peninsuth simple and

opposite leaves. Flowers are zygomorphic and litaband are grouped in clusters of white
color. The androecium has four external stamensttadynoecium has an ovary divided into
four parts. It has entomogamous pollination andlsese dispersed by autochory. It grows in
sandy and siliceous soils and the flowering peeri&nds from late May and early June to late

July, early August.
Subspecies (Morales 2010b)
- Subspmastichinawhen the calyx is larger than 5 mm; infloresceraresbigger than 10
mm in diameter and bracts are oblong-ovate ort&lip
- Subspeciesdonyanaewhen the calyx has a size equal to or less thamnb.
inflorescences are smaller than 10 mm of diametdibaacts are widely ovate.
The subspeciedonyanaes only present in the southwest of the Iberianiffsula (Dofiana and
Algarve) while the subspeci@esastichinaextends throughout the Iberian Peninsula butléds
abundant on the northwest coast of Spain and thditéfeanean coastline.

1.6.4 Variability and chemical composition studies

Regarding its chemical composition, this specieslassified into three chemotypes with two

compounds as major constituent (Adzet et al. 1977).

- The first and most widespread chemotype contaBiheol as main compound.
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- The second chemotype contains linalool as main oomg
- The third chemotype is the intermediate chemotyjik loth compounds as principles

(1,8-cineol-linalool).

There are many phytochemical studies conducted Wwithastichinaegarding the composition
of its essential oil because of its great commeiai@rest. Most studies are focused on the
chemical characterization and variability of theedps and some even characterized the
composition of the subspecies (Salgueiro et al.7L9®iguel et al. (2004b) for example,
studied the effect of harvesting date and the atemrariability between wild and cultivated
individuals. The composition between different orgai plants was studied Th mastichinaby
Miguel et al. (2004a), who found different compiasi in flowers and leaves from different
populations. The essential oil yield was lowerdaJes than in flowers and leaves had a higher
content of camphor.

The chemical composition df. mastichinawvas in some studies correlated with the biological
activity of the essential oil (Faleiro et al. 2008)n the other hand the relative percentages of
volatiles in the essential oil of this species hal®wn correlation with environmental
parameters such us humidity (1997). The varighititthe chemical composition produced by
using various extraction technique was studied iboyedez et al. (1999) who studied the

difference between continuous subcritical wateraetion and hydrodistillation.

The antioxidant activity of T. mastichinaextracts was reported by Bentes et al. (2009) and
regarding theT. mastichinapolyphenols, Gordo et al. (2012) identified 9 qmunds
(sakuranetin, sterubin, oleanolic acid, usolic atidkeolin, beta-sitosterol, rosmarinic acid, 6-
hydroxyluteolin-7-O-beta-glucopyranoside and hydpigenin-7-O-beta-glucopyranoside) and
proved their anti-cancer activity. On the otherda@anchez-Vioque et al. (2013) and Delgado
et al. (2014) studied the waste product obtaingld Wi mastichinaafter the distillation process.
The list of tentative major compounds identified Ib§—MS in T. mastichinasolid residues
from Soxhlet and ultrasound-assisted extractionsS@ynchez-Vioque et al. (2013) were:
quercetin glucoside, luteolin glucoside, rosmariaitid, apigenin-7-O-glucoside, quercetin,
luteolin derivative, luteolin, naringenin, carnasapigenin and kaempferol. On the other hand,
Delgado et al. (2014) found in the methanolic etgaf the waste product: rosmarinic acid as
the most abundant polyphenol, followed by methobkgglic acid, apigenin, kaempferol and

[uteolin.
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Scope of the Thesis

2.1. MOTIVATION AND PURPOSE

Traditionally aromatic and medicinal plants haverbeollected from the wild. However, wild
collection does not allow high quality plant maaéto be collected and produces deforestation
thus threatening the species harvested. It shoel@ddued that strict rules are published to
regulate the quality of the volatiles. Additionallwhen the plant material is intended for
medicinal use, the effectiveness of the differartiva substances such as polyphenols and the
concentration thereof, might varies hugely from omhvidual to another. The need to find high
quality specimens and to cultivate the selectedvicidals not only increases the yield and the
quality of collected plant material but also enaldastainable development and conservation of
the species. In addition to that, some of the patara for cultivating these species are
unknown. In order to overcome such problems, thentbtal variability of the secondary
metabolites and morphological variation laddvandula latifoliaMedik., Salvia lavandulifolia

Vahl. L. andThymus mastichink. has been evaluated to find high quality indi)ts.

The plants under study seem to have a wide morghaband chemical variability in their
natural habitat. This variation reflects adaptatiothe local environmental factors showing the
degree of relation between the environmental canditand the population genotypes and also

offering information about the evolutionary statyilof a species.

Many species have been barely prospected becaisamialysis is time-consuming and implies
long journeys. However, this process makes it jpesso classify the germoplasm into groups
and offers the market the possibility of selectthg specimens or populations with the most

desired features.

The analysis of this variability is the necessaagib for domestication and cultivation, for

selecting high performance individuals and thusctommercial exploitation.

2.2. OBJECTIVES

The main objective of the thesis was the analylsigoability in a broad sense bf latifolia, S.
lavandulifoliaandT. mastichinan order to select high quality plant material €1$tudy of this
variability has been addressed from different mowftview with the purpose of achieving the

main objective:

30



Scope of the Thesis

a) Evaluation and optimization of the methodologcessary to carry out the analysis of

variability.

b) Evaluation of the variability of volatile compaas composition of wild populations.

¢) Study of the polyphenols profile and the antiaxit activity of different populations.

d) Examination of the influence of different factoon the essential oils composition and

polyphenols production such as environmental factor

e) Study of the morphological variability of differeqtopulations in order to perform an

agronomic selection of each species.

2.3. THESIS OUTLINE

In the General Introduction, a generic overview regarding aromatic and medicplant
production and current uses in Spain and Castilleegn is presented as well as a brief
description of the species of interest, the secgnaetabolites classification and the uses of the

selected species.

In Scope of the thesishe objectives of the thesis and the thesis oudineepresented.

Chapter 1 shows a comparison of the classical method foe#teaction of volatile compounds
from plants (hydrodistillation), with other methodsch as micro-distillation and extraction
with organic solvent and ultrasounds. Hydrodidiitla is the method used industrially, but
requires a larger amount of plant material andngéo process. In order to see if the methods
are comparable and reduce the time of analysigrendmount of plant material required, other
two methods were studied. The objective was to &irgliitable methodology for an easier and

quicker study of plant material.

In Chapter 2, the variability of volatile compounds of the e#s& oils of several wild
populations ofL. latifolia, S. lavandulifoliaandT. mastichinacollected in Castilla y Ledn has
been evaluated, studying the geographic and annfliaénce on the composition of essential

oils.

A large volume of waste is generated each yearhbydistillery industry, which is a major

environmental problem and reuse and revaluatiofbyeproducts can help to improve the

31



Scope of the Thesis

economic performance of the industries in an emarental friendly wayChapter 3 includes
the antioxidant content of several wild populatiohs. latifolia collected in Castilla y Le6n, as
well as the antioxidant content of plant by-produgénerated after distillation which could be
revaluated for their antioxidant content. It alsaludes the variability of several polyphenols

analysed in the waste.

Once the chemical variability of wild populationachbeen evaluated, the study began of three
plot assays (one for each species) establishedACYL to subjet all the populations and
individuals under the same environmental conditioRepulations were chosen trying to
maintain  maximum variability found in previous seye. Intra-population variability of
populations was kept collecting 25 plants per pafoth and reproducing them through
vegetative propagation. The trials were plantedaimandomized block design with three

replications.

The target of these plot assays was to subjecpaglulations and individuals to the same
environmental conditions and to study the varigbitmong and within populations from a

chemical and morphological point of view.
Chapter 4 contains a study of the variability of the polypblEnof 14 populations of.
mastichinacultivated in the plot assay, as well as the swifdthe antioxidant potential and its

relationship with the main polyphenols of this spsc

Chapter 5 includes a study of the polyphenolic variability sévenSalvia lavandulifolia

populations cultivated in the experimental field.
With regard to the need to improve the agronomi@apatersChapter 6 includesa study of
the morphology ofT. mastichinaand the morphological variability among individsiadnd

populations.

TheConclusionspresent the general closures.
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Chapter 1

Volatile fraction differences for Lamiaceae species using different
extraction methodologies

Méndez-Tovar I., Sponza S., Asensio-S-Manzanera B€hmiderer C. Novak J.
(2015. Volatile fraction differences for Lamiaceae speasing different extraction
methodologiesJournal of Essential Oil Reseaohccepted



Volatile fraction differences for Lamiaceae speciedusing different

extraction methodologies..

Abstract:

To achieve a detailed chemical characterizationtarfthd the changes in the composition the
volatiles of Lavandula latifolig Salvia lavandulifolia and Thymus mastichinavere analyzed
through GC-FID/MS and a total of 47, 48 and 48 coumuls were identified, respectively. 1,8-
cineol+limonene was the main compound in the tlspexies. Three extracting methodologies
were used: hydrodistillation (HD), microdistillatigMD) and dichloromethane extraction (EX).
The amount of volatile compounds was affected leykihd of method used and by the kind of
species analyzed, thus,lavandulifoliaproduced a higher amount of volatiles with the &Xl

T. mastichinawith MD. HD showed significantly lower amount oblatiles for the three
species. With HD and MD a higher amountfgbinene was obtained. MD produced a higher
proportion of 1,8-cineol+limonene. Canonical disgration function was done using the two
most predictable compounds to distinguish amongriigcies revealing the method used for

each species.

Keywords: hydrodistillation, microdistillation, solvent extiigon, spike lavender, Spanish sage

and Spanish marjoram.

3.1. Introduction

ThelLamiaceadamily, rich in essential oil producing speciesmprises 186 genera and around
5000 species.Lavandula Salvia, and Thymuscontribute a total of 39, 900 and 220 species,
respectively (Morales et al. 2010), to this familany different species belonging to these
three genera are used in perfumery, cosmetics,canedand the food industry.avandula
latifolia Medik. (LL), Salvia lavandulifoliavahl. (SL) andThymus mastichink. (TM), as part

of the mentioned genera, were selected for theysdud to their high commercial importance.
TM is endemic to the Iberian Peninsula and alléspecies are characteristic wild plants from
Spain.

The uncontrolled collection of aromatic and meditiplants from the wilderness is a global

issue. More than 60% of the plants that are madketeund the world are collected from their
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natural environment (Laird 2005), which poses adhifor many species. Currently, Medicinal
and Aromatic Plants (MAPs) selection programmesesaeential tools to guarantee traceability
and to monitor cultivation parameters. The runnaigselection programmes requires large
samples. The analysis of the volatile compoundshe$e plant species is also necessary to
assess the established quality parameters. Hytitladiisn is the most common technique used
for the extraction of volatile compounds, and isegted by the European Pharmacopeia to
market essential oils. However, the amount provigled single plant is sometimes too small to

be hydrodistilled, and hydrodistillation of a langember of samples is a lengthy process.

Alongside hydrodistillation (HD), there are othechniques such as microdistillation (MD) and
solvent extraction (EX) which can be carried outtvé@maller samples of plant material (Baser
et al. 2001) and also take less processing time i (Da Porto et al. 2009). These techniques
could be useful to run selection programmes. Asnted by other studies (Da Porto et al. 2009;
Ozek et al. 2006; Ozek et al. 2005), different ation methods usually lead to changes in the
volatile composition. When using other techniquashsas MD and EX to analyze a high
number of samples for the chemical characterizatbnvolatiles in a short time span,
knowledge of the kind of changes that occur in toenposition of volatiles and of the

differences among methods is essential.

In order to achieve a detailed chemical chara@tam of LL, SL and TM, and to detect
possible changes in chemical composition, the etxtnra of the volatile compounds was carried

out using three different techniques: HD, MD and EX

3.2. Materials and Methods

Plant materials

Representative samples bavandula latifolia Salvia lavandulifoliaand Thymus mastichina
were collected from the region of Castile and Le®pain, at the time of full blossom, between
June and August 201lavandula latifoliawas collected from Cevico Navero (Palencia) on 9
August 2011, from an altitude of 876 m, and witthe coordinates 415657N and 0042228W,
Salvia lavandulifoliawas collected from Cevico Navero (Palencia) oru6eJ2011, from an
altitude of 916 m, within the coordinates 2415224t 0041136W; andhymus mastichina
was collected from Carrocera (Ledn) on 16 June 2fibin an altitude of 1029 m, within the
coordinates 424942N and 0115213W.
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The samples were air-dried at room temperaturestordd away from light. Flowers and leaves
were separated from the stems and used for fughalysis. The analyses were based on

homogeneous samples of plant materials from eastiesp

Voucher specimens of the samples were depositethanherbarium of the botanic area
(PALAB) of the Yutera Campus, University of Valldab (specimen codes: LL-11/11, SL-
11/11 and TM-37/11).

Hydrodistillation

Each species was distilled in a modified Clevengpe apparatus. HD was performed on an
amount of 2g and repeated four times for each epethe volume of the flask was 500 mL, to
which 200 mL of distilled water were added. Thetitiigion was performed for 1 hour,

following the methodology of Schmideret al (2008), and the sample was kept at -20 °C until

further analysis. Biphenyl was used as internaidaed with a concentration of 0.1 mg/mL.

Microdistillation

Four replicate analyses were performed using aneilggf MicroDistiller® apparatus
(Eppendorf, Hamburg, Germany). An amount of 400ahglant material was weighed in a
sample vial and 10 mL of distilled water were addedhe collecting vial, 500 mg of sodium
chloride and 30@l of dichloromethane were added. Sample vials weaed at 20°C/minute
until reaching 108°C. This temperature was maiethiior 15 minutes and then increased at the
same rate until reaching 112°C, and maintained4fominutes ending with a post run of
3 minutes. Collection vials were kept at a tempeestof -2°C throughout the MD process.
When the process was finished, 1 mL of water wakeddo the collection vials and the layer
containing the volatile fraction was collected wahpipette and transferred into a GC vial.
Biphenyl was used as internal standard at a coratent of 0.2 mg/mL. The sample was kept at

-20°C until further analysis.

Solventextraction

An amount of 500 mg of plant material was added toL of dichloromethane and the sample

was introduced in an ultrasonic water bath at raemperature for 1 hour. Biphenyl with a
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concentration of 0.1 mg/mL was used as internahdsted. The extracts were filtered with

cellulose wadding in a Pasteur pipette and analpge@C.

GC-MS and GC-FID analysis

The analysis of the samples was carried out usigCaFID (6890N Network GC system
Agilent Technologies, Palo Alto, CA, USA) equippsith a FID and fitted with a DB-5 narrow
bore column (10 m x 0.1 mm id. x 0. film thickness). Helium was used as carrier Jae
front inlet was kept at 260°C with a split ratio #00:1. Injection volume was 0.2
Temperature program: 60°C for 1 minute; 60-85°€ ate of 8°C/minute; 85-280°C at a rate of
15°C/minute; 280-300°C at 30°C/minute, and mairthat 300°C for 5 minutes.

The GC-MS analysis was carried out using a GC-MS6B80 coupled with a HP 5972 MSD
(Hewlett-Packard, Palo Alto, CA, USA). The GC waguipped with a DB-5MS capillary
column (30 m x 0.25 mm id. x 0.28n film thickness). Helium (2 mL/minute) was used as
carrier gas. GC oven temperature programme was 6f°@ minutes, which was raised to
100°C at 5°C/minute, and then from 100°C to 28G°G°@/minute. Liner Retention Indices
(LRI) were calculated using homologous n-alkanerbgdrbons (Mixture of alkanes for gas
chromatography, Sigma-Aldrich, Vienna, Austria).eTtifferent compounds of the volatile
fraction were identified by comparison of the maggctra of every compound with a mass
spectra library of essential oils, and confirmed diynparison of retention indices from
literature (Adams 2007 ).

Statistical analysis
The statistical method used was analysis of vagigAINOVA) with SPSS 15, and the average
values were compared using the Tukey B test atB<@iscriminant function analysis using

the stepwise method and selecting the two mostigiihesl variables for each plant species was

performed to uncover the extraction methodologies.

3.3. Results and Discussion

Lavandula latifolia Medik

In LL, a total of 47 compounds were identified, vaiich 38 were monoterpenes and 9 were

sesquiterpenes (Table 1). The main compound detéttel. was 1,8-cineole+limonene (since
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both compounds were not totally separated in &l shhmples, they are always mentioned
together). The relative percentage of the totakmerea (Table 2) of 1,8-cineole+limonene was
38+1.47%, 42.6+1.88% and 37.4+1.63% for HD, MD &)X, respectively. The other main
compounds detected in LL were linalool (35.8+0.28%A4+2.1% and 32.6+1.36% in HD, MD
and EX, respectively), and camphor (8.6+0.66%, @®.34% and 9+0.18% for HD, MD and EX,

respectively).

In agreement with other authors, these three congsinave also been found as principal
compounds in analyses of LL (Mufioz-Bertomeu et28D7; Salido et al. 2004) with similar
relative percentages. Mufioz-Betonetual (Mufioz-Bertomeu et al. 2007) analyzed separately
leaves and flowers of LL finding 1,8-cineol (46.8:6%) and camphor (34.9-43.5%) as main
compounds for leaves and 1,8-cineol (20.8-47.8#glool (15.1-54.7%) and camphor (11.4-
18.6%) as main compounds for the flowers. Satditlal (Salido et al. 2004) found percentages
of linalool of 27.2-43.1%, 1,8-cineole of 28.0-@%. and camphor of 10.8-23.2%. However,
Eikani et al (2002), (29.6%, 22.8% and 14.2% for linalool, -&i|@eol and borneol,
respectively) and Barazandehal (2008) (30.6-31.9%, 18.8-20.9% and 8.9-10.1%ifalool,
1,8-cineol and borneol, respectively) found borpgwitead of camphor as one of the three main

compounds.

Salvia lavandulifolia Vahl

For SL, 36 monoterpenes and 12 sesquiterpenesis@efied (Table 2). The main compound
found in SL was 1,8-cineole+limonene (20.9+0.77%+21%, and 20.6+£0.98% for HD, MD
and EX, respectively). Other abundant compounds widiflorol (13+1.37%, 7.1+0.4%, and
12.4+0.66% for HD, MD and EX, respectively)pinene (8.6£2.32%, 9.2+0.69%, and
7.610.44% for HD, MD and EX, respectively) camph(®.6+0.82%, 13.9+1.07%, and
12.9+1.55% for HD, MD and EX, respectively) myrceri@8+0.39%, 7.6+0.74%, and
6.410.17% for HD, MD and EX, respectively) and cémpe (7.3+1.46%, 7.5+0.34%, and
6+0.34% for HD, MD and EX, respectively).

The different studies about Spanish Sage compos@ancluded that this species has great
intraspecific chemical variability and the main quunds were also very variable depending on
the population studied (Herraiz-Penalver et al.@2QIbrdan et al. 2009). The most abundant
compounds detected through SL by Herraiz-Pefiagéteal (2010) were 1,8-cineole (6.4-
34.5%),a-pinene (6.7-23.2%) angipinene (3.8-19.2%). They also found important amtswf
camphor (0-15.4%) and viridiflorol (0.1-9.7%). Jardet al (2009) analyzed volatile
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compounds for different populations 8&lvia lavandulifoliasubsp.Vellereafinding camphor
(23.7-32.7%) and 1,8-cineol (16.7-40.7%) as mammmaounds and other abundant compounds

were very variable within the populations studied.

Thymus mastichina L.

In TM, 34 monoterpenes and 14 sesquiterpenes wendified (Table 2). The main compounds
was 1.8-cineol+limonene (61.6+2.5%, 69.3+0.3% art1601% for HD, MD and EX,
respectively). Linalool (6£0.67%, 4.6+0.45% and+0.24% for HD, MD and EX, respectively)
and g-pinene (5.7£0.5%, 4.4+0.06% and 3.7+0.06% for M) and EX, respectively) were

also among the main compounds of the volatile ifvacitudied.

There are three known chemotypes for TM (Salguetial. 1997): that with 1,8-cineole as main
constituent, that with linalool as its main compdumnd the intermediate chemotype 1,8-
cineole/linalool. All the analyzed samples corregpdo 1.8-cineol chemotype, which is the
commercial one. The percentage of 1,8-cineol amldbl of the studied samples are similar to
those obtained by Miguedt al. (2004) for the 1,8-cineol chemotype samples wathges for
1,8-cineol of 44.2-69.2% for the leaves and 39.6%Afor the flowers and ranges for linalool
of 0.9-6.3% for the leaves and 1.3-13.7% for tbevérs.

Comparison of the different extraction methods

Although, as regards the different extraction mdttogies used, no significant differences
were observed in the case of many compounds, ier a@iises an increase in the amount of
certain specific compounds could be observed depgneh the methodology. Namely, MD
always showed significantly higher amounts (P<04f5),8-cineole+limonene and terpinen-4-
ol and many of the monoterpenes were significahilyher (P<0.05) in HD and MD in
comparison with EX as for exampdepinene,s-pinene and-terpinene. Caryophyllene oxide

was significantly lower (P<0.05) in MD amdcaryophyllene was always higher for EX.

In accordance with other studies (Ozek et al. 20k et al. 2005), MD and HD showed more
qualitative similarities. The total percentagesnainoterpene were similar for HD and MD,
while for the three plants EX showed a significamdwer percentage (P<0.05) of monoterpene.
The composition of the volatile fraction obtainedhwEX was the most different. The use of
EX enables the extraction of semi-volatile and molatile compounds with higher boiling

points that cannot be isolated with HD (Richter é&ehellenberg 2007) or with MD. As a
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result, the sesquiterpene fraction obtained wakehnigh solvent extracts than in the other two
techniques. This is illustrated by the results, ihthe percentage of total sesquiterpenes
obtained (especially hydrocarbon sesquiterpenes) significantly higher (P<0.05) in EX as
compared to MD and HD. Furthermore, the percentdgelentified compounds was around
10% lower in EX as compared to HD and MD becauliglaer proportion of compounds which
eluted in the sesquiterpene region was obtained BX, and several of them could not be
identified because sesquiterpenes are more difficuldetect (Merfort 2002; Shellie et al.
2002).

It should also be noted that although HD and MDehawnore similar composition, MD always

showed the lowest sesquiterpene content of the thethods.

Reactions such as oxidation, isomerization, cyttbmaor dehydrogenation (Turek and Stintzing
2012) can lead to rearrangements in volatile comgsuln HD and MD, changes are mostly
due to the high temperatures required and the femg-exposure to water of the samples
required, which may lead to the oxidization, or rewestruction, of certain compounds. An
example of such change is sabinene hydrate, whiffers isomerization and hydrolysis as a
result of prolonged contact with water and heap(&od Barth 2001). This makes the content of
sabinene hydrate significantly lower (P<0.05) in Hild MD with respect to the content in EX
for the three plant species. Another example ofeéheactions is the decreasendiumulene
and p-caryophyllene resulting in increased caryophyllen&e contents due to oxidation. As
shown in the tested samples, the ratio betwedmumulene andg-caryophyllene and
caryophyllene oxide yielded a higher proportioncafyophyllene oxide for MD and HD as

compared to EX.

Regarding the total production of volatile composimabtained Tables 3, 4 and 5 show the
quantification of the main compounds expresseddrpar g of plant material. Total production
was higher with EX and MD with differences among tlifferent species, while HD showed
the lowest production for all three species. Thipriobably a result of the fact that the solubility
of certain essential oil components in water atifpitemperature can lead to the reduction, or
even the disappearance, of some compounds. Fooldigmificant differences were found for
EX and MD. However, when EX was applied to SL, #mount of volatiles obtained was
significantly higher than that resulting from MDOnee the proportion of sesquiterpenoids is

higher in this species than in the other two. Rdrthie opposite happened.
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Uncovering volatile extraction methodology

Canonical discrimination function (CDF) for the atile fraction of the studied species (Figure
3) was conducted to obtain a predictive model figr éxtraction methodologies. The outcome
proved that it is possible to reveal the way inahhihe volatile compounds of these species
were extracted. The two most predictive variablesavselected for each plant species; the most
important predictors for LL wergterpinenecis-sabinene hydrate. For SL the most powerful
discriminating compounds were terpinolene and Widl and for TM, germacrene D and
terpinolene. The function also showed that, degpitesimilarities between HD and MD, these
two techniques can also be differentiated throudbDd-. The results prove the capability of
multivariate statistical methods to reveal (unknpwrformation about the volatile fraction.
Multivariate statistical methods are well documeritgy Oms-Oliuet al (2013) as a useful tool
to identify similarities and differences among cnegrieties, to know the state of ripening or
growth of plants and fruits or to determine thehauticity of food among many other examples,

and they could be also useful to detect differemresng extraction methodologies.

3.4. Conclusions

Depending on the species tested, the applicatiaiffefent methodologies led to very different
results in the composition of the volatile fractiohM showed few differences between
extraction methodologies, while SL showed importdifferences using EX. Some compounds
yielded no significant differences as far as theéhwe applied was concerned, while others

produced higher contents with a particular techeiqu
Acknowledgements
This work was supported by the Instituto NacioralT@écnologia Agraria y Alimentaria (INIA)

under project RTA2009-00062-C03-02 and FEDER fugdin Inés Méndez-Tovar was
supported by a Ph.D fellowship from the INIA.

39



Hydrodistillation

Extracts cis-sabinene

hydrate \ _ y-terpinene
@ -9 4 1

6
Microdistillation

. @

Hydrodistillation

viridiflorol terpinolene

Extracts
Microdistillation

-3 2 7

C Microdistillation

3

@ Extracts

germacrene DO/\ terpinolene
-21 -16 -11 -6 -1 4 9 14
Hydrodistillation

-3
-6

Figure 3: Canonical Discrimination Function for the two mpsedictive variables fdt. latifolia (y-
terpinenegis-sabinene hydrate) in chart 8,lavandulifolia(terpinolene, viridiflorool) in chart B and
T. mastichina(Germacrene D and terpinolene) in chart C.
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Table 2 Relative percentage of total peak area of thatles obtained with Hydrodistillation (HD),
Microdistillation (MD) and Solvent Extraction (EX).

LRIP Compound LL% HD LL% MD LL% EX SL% HD SL% MD SL% EX TM% HD T M% MD TM% EX
Monoterpene hydrocarbons

927  tricyclene tr tr tr 0.3 +0.09 0.3 +0.010.3 +0.04 tr tr -

931 a-thujene tr tr tr 0.3 +0.07 03 #0.01 03 £0.060.2 +0.02 0.2 +0.01 0.1 +0.01
938 a-pinene 15 019 13 +0.08 11 +0.1386 +232 9.2 +069 7.6 044 36 *030 3.0 +0.03 25 *0.04
953 camphene 06 +0.09 05 +0.03 04 +0.033 146 75 034 6.0 +0.34 0.2 +0.00 0.2 +0.01 0.2 +0.01
958  thuja-2.4(10)-diene tr tr tr - - - - - -

976 sabinene 0.6 +0.08 04 +0.02 05 +0.04 0H£.04 04 =005 05 =0.11 3.6 +0.32 2.6 +0.06 25 0.1%
980 p-pinene 20 +0.26 1.7 #0.06 15 +0.12 54 +054 5%064 4.1 066 57 050 44 006 3.7 +0.06
991 myrcene 05 005 04 001 04 0088 +039 7.6 +0.74 64 +0.17 2.0 +0.18 1.5 +0.03 1.2 +0.06
1006 o-phellandrene tr tr tr tr tr tr tr tr tr

1020 o-terpinene 0.2 #0.02 0.2 +0.01 tr 04 +0.05 03 .080 03 #0.02 03 +0.03 02 #0.01 01 0.01
1028 p-cymene 0.2 +0.03 0.2 +0.01 01 #0.01 29 0304 2.+0.25 18 *0.22 0.3 +0.03 0.1 +0.12 0.2 +0.03
1037 1,8-cineole+limonene 38.0 #1.47 426 818374 *163 209 +0.77 260 +1.10 20.6 +098 61.6250 69.3 030 64.0 =*1.01
1042 [R-cis-ocimene 0.3 #0.03 0.2 +0.02 0.2 +0.01 02 0.012 0.+0.04 0.2 =+0.04 tr tr tr

1053 R-transOcimene tr tr tr tr tr - 1.0 +£0.08 0.7 #0.110.7 +0.05
1064 jy-terpinene 0.3 #0.03 03 0.01 tr +0.01 12 +0.16.01 x0.12 0.8 +0.14 0.5 +0.05 0.4 +0.02 0.1 +0.01
Oxygenated monoterpene

1071 cis-sabinene hydrate 0.6 #0.07 0.3 +0.03 1.3 +0.06 020.04 03 *0.04 0.6 +0.04 0.7 +0.09 0.5 +0.05 1.3+0.03
1075 cislinalool oxide tr 0.2 #0.03 04 £0.01 - - - tr tr 0.1  £0.00
1083 translinalool oxide tr 0.1 #0.02 0.4 0.07 - - - - tr 0.1 x0.01
1091 terpinolene 0.3 #0.02 0.2 #0.01 tr 0.30.02 0.2 #0.01 02 #0001 02 #0.02 01 0.00 0.1 .080
1099 linalool 35.8 +0.24 344 +210 326 13604 +0.04 06 005 0.7 003 6.0 +0.67 46 045 41 +0.24
1102 o-thujone - - - - - - tr tr tr

1118 (3thujone - - - 0.2 0.04 0.1 #0.03 0.2 +0.03 - - -

1124 cis-p-menth-2-en-1-ol tr tr tr - - - tr tr tr

1127 o-campholenal 0.2 #0.01 01 +0.01 0.1 0.01 tr tr tr tr tr tr

1138 nopinone 0.1 #0.01 0.1 #0.02 0.2 #0.01 - - - tr tr 0.1 +0.01
1144 transsabinol 04 #0.04 02 018 03 #0.03 14 #0366 1.+050 18 090 0.2 +0.01 02 +0.01 01 =£0.01
1148 camphor 86 +0.66 9.1 +054 90 0.18 8.60.82 139 +1.07 129 155 0.1 #0.01 01 +0.01 0.2 #0.01
1159 sabina ketone tr tr 0.1  +0.00 - - - tr tr tr

1162 isopulegol - - - - 0.2 0.02 03 #0.0M.3 +0.03 - - -

1165 pinocarvone 04 #0.03 0.3 #0.04 04 +0.02r tr - 0.1 +0.00 01 £0.01 0.1 #0.02
1170 borneol 22 #0.20 22 0.21 25 +0.28 3.#20.37 51 *057 48 #0.38 1.2 +0.07 1.5 +0.03 1.9+0.06
1181 terpinen-4-ol 0.5 +0.08 0.7 +0.03 0.3 0%0. 0.3 +0.07 0.7 +004 03 006 05 +0.09 0.8 30.003 =+0.02
1186 p-cymen-8-ol - - - - - - tr tr 0.1 +0.02 - - -

1190 o-terpineol 1.0 013 09 0.03 10 0.03 02 0004 +0.12 03 +0.05 3.2 #0.12 4.0 011 48 0.20
1192 hexyl butanoate tr tr tr - - - - - -

1197 myrtenal 05 +0.04 05 +0.04 06 *0.09r t tr tr 0.2 +0.02 0.1 +0.01 0.1 +0.03
1209 verbenone 0.1 £0.01 0.2 #0.02 05 +0.05 - - - - - -

1221 trans-carveol 0.1 +0.01 0.1 +0.01 0.2 +0.02 - - - - - -

1233 isobornyl formate 0.2 +0.03 0.1 +0.01 0.%0.00 tr tr - - - -

1237 hexyl-2-metyl-butanoate 0.1 +0.01 0.1 0%0. 0.3 +0.02 - - - - - -

1242 hexyiso-valerate 0.1 +0.00 0.1 +0.01 0.1 +0.00 - - - - - -

1286 isobornyl acetate - - - tr tr tr - - -

1289 bornyl acetate - - - 27 +0.15 1.8 340. 1.8 +0.16 - - -

1292 trans-sabinyl acetate - - - 25 1065 12 +0.69 16041 - - -

1295 2-undecanone - - - tr tr tr - - -

1301 carvacrol - - - 0.2 0.05 0.2 *0.03 2 0.+0.08 - - -

1320 J-terpenyl acetate - - - - - - 0.4  0.07 0.2 0.4 0.2 #0.02
1353 o-terpenyl acetate - - - - - - 1.2 +0.25 0.7 0.06 0.8 +0.08
1381 geranyl acetate - - - - - - tr tr 0.2  +0.03
1480 geranyl propanoate - - - tr tr 0.10.0% - - -
Sesquiterpene hydrocarbons

1387 a-copaene - - - 0.2 0.02 0.1 #0.01 0.1 +0.08 - - -

1389 p-burbonene - - - - - - 0.1 +0.01 0.1 +0.00 2 0. #0.01
1393 p-elemene - - - - - - tr tr tr

1424 o-gurjunene - - - 0.2 #0.03 0.1 #0.03 04 00471 t tr tr

1435 p-caryophyllene 0.8 #0.27 0.3 #0.10 2.2 £0.25 20 .180 1.2 +0.23 42 044 15 #0.10 1.0 +0.15 22 130.
1459 trans3-farnesene 0.2 #0.06 01 +0.02 08 #0.07 0.2 0.081 +0.03 05 +0.10 tr tr 0.1 +0.02
1470 a-humulene - - - 15 #0115 09 #0.15 24 017 10.+0.01 01 #0.01 0.3 *0.04
1495 germacrene D 0.3 #0.13 0.1 +0.03 1.3 50.2 - - - 0.4 +0.04 0.3 +0.02 1.0 +0.03
1527 y-cadinene 0.1  +0.04 tr 0.3 #0.04 0.2 +0.04 0.1 040. 0.5 +0.03 tr tr 0.1  £0.01
1534 ¢-cadinene tr tr tr 05 #0.09 03 0.08 1.0 +0.060.1 +0.00 tr 0.1  £0.03
Oxigenated sesquiterpene

1561 elemol - - - - - - 1.3 #0008 09 . 16 021
1586 palustrol - - - 0.2 +0.06 tr +0.03  0.1x0.09 - - -

1594 spathulenol - - - 0.6 0.06 04 +0.19€.6 +006 04 +0.03 0.2 +0.03 1.0 0.25
1600 caryophyllene oxide 1.2 #0031 06 +0.13.2 1+0.12 30 #0035 18 #033 28 +0.22 1.0 +0.09 7 0. +0.08 1.4 +0.10
1612 viridiflorol - - - 13.0 #1.37 7.1 +040 124 +0.66 1.2 042 06 +0.06 1.3 +0.33
1623 ledol 0.1 +0.04 tr 0.1 #0.03 0.2 #0.03.10 #0.02 0.2 +*0.04 - - -

1635 y-eudesmol - - - - - - 05 +0.07 03 +0.05 0.8+0.16
1656 torreyol 06 #0.19 03 +0.06 0.6 +0.06 - - - - - -

1693 a-bisabolool 0.8 #0.22 0.3 #0.05 1.0 +0.03 - - - - - -
Monoterpene hydrocarbons 444 +0.77 48.0 +2.05 418 *196 569 +440 60.6 .5%92 489 209 79.1 110 825 *0.34 755 *0.96
Oxigenated monoterpenes 51.3 +0.60 50.1 +#1.72 50.6 1.36 21.3 +2.23 27.1 .621 259 +1.40 14.0 0.72 132 #051 143 0.31
Sesquiterpene hydrocarbons 14 052 06 +0.16 46 057 49 +050 29 +054.29 +066 24 +0.15 16 +0.19 42 0.14
Oxigenated sesquiterpene 28 #0.76 1.3 024 29 +0.20 169 *1.82 94 +0.886.1 =*0.77 4.4 +0.60 2.7 +0.22 6.0 +0.78
Total identified 98.6 +0.33 99.0 +£0.12 91.3 #0.28 92.9 +0.84 94.0 .940 76.3 #0.71 957 +0.36 96.3 *0.24 82.0 0.73

3Retention Index from literaturBLinear Retention Index relative to n-alkanes on-pokar column Order of elution in non-polar column (DB-5). trates, less than 0,1%, -
, not detected, +: standard deviations. In boldniaén compounds. LLL:avandula latifolia TM: Thymus mastichingSL: Salvia lavandulifolia
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Table 3. Main volatile compounds quantification expressedilligrams of terpenoids per gram of plant
material (content > 0.5 mg/g in any of the threethmds) and statistical significance bavandula
latifolia.

HD MD EX

LRI Compound mean STD mean STD mean STD
1037 1,8-cineole+limonene 6.5 a $0.94 12 b #1828 8 a 059
Total Monoterpene hydrocarbons 7.6 a 096 135 b 205 99 a 10.68
1099 linalool 6.1 a $0.63 9.7 a *1.60 7.7 a $0.63
1148 camphor 15 a 026 26 b +031 21 ab 10.16
1170  borneol 0.4 a *0.05 0.6 b +0.06 0.6 b  +0.06
Total Oxygenated monoter penes 8.8 a =1.02 141 b #2.05 119 b  +0.84
1435 p-caryophyllene 0.1 a 003 0.1 a 003 0.5 b  +0.07
Total Sesquiterpene hydrocarbons 0.2 a 0.06 0.2 a 0.05 1.1 b  10.17
Total Oxygenated sesquiterpenes 0.5 a *0.08 04 a *0.08 0.7 b  +0.02
Total identified 17.1 a +1.87 28.1 b +4.00 23.6 b +1.38
Total compounds 17.3 a +185 284 b +4.02 259 b +1.47

HD, hydrodistillation; MD, microdistillation; EX,dvent extraction; STD, standard deviation. a, U ansignificant differences
among methods.

Table 4. Main volatile compounds quantification expressenilligrams of terpenoids per gram of plant
material (content > 0.5 mg/g in any of the threehnds) and statistical significance $dlvia
lavandulifolia.

HD MD EX

LRI Compound mean STD mean STD mean STD

938 a-pinene 0.8 a $0.22 1.2 b +0.16 2.2 c +0.16
953 camphene 0.7 a 0.14 1 b +0.11 1.8 c $0.12
980 p-pinene 0.5 a *0.06 0.7 a *0.13 1.2 b +0.23
991 myrcene 0.8 a 20.04 1 a *0.08 1.9 b  +0.08
1028 p-cymene 0.3 a +0.03 0.3 a +0.05 0.5 b +0.05
1037 1,8-cineoletlimonene 1.9 a *0.05 34 b +040.1 6 c 044
Total monoter pene hydrocarbons 5.2 a 048 8.0 b +0.88 14.6 c $0.95
1144 transsabinol 0.1 a *0.03 0.2 a *0.07 05 b +0.25
1148 camphor 0.8 a $0.06 1.8 b +0.20 3.8 c +0.49
1170  borneol 0.3 a +0.03 0.7 b +0.07 14 c 0.14
1289 bornyl acetate 0.2 a 002 0.2 a 003 05 b0.04
1292 trans-sabinyl acetate 0.2 a 0.1 0.2 a 0085 0 a +0.13
Total oxygenated monoter penes 19 a 0.17 35 b #0022 74 c  10.47
1435 p-caryophyllene 0.2 a 001 0.2 a 0.02 1.2 b  +0.12
1470 o-humulene 0.1 a +0.01 0.1 a +0.01 0.7 b +0.07
Total sesquiterpene hydrocarbons 0.4 a *0.04 04 a *0.05 27 b  +0.22
1600 caryophyllene oxide 0.3 a $0.03 0.2 a $0.038 0. b 0.07
1612 viridiflorol 1.2 a #0.11 09 a +0.08 3.6 b 30
Total oxygenated sesquiterpene 15 b #0.14 1.2 a 010 47 c $0.17
Total identified 9.0 a 015 131 b 098 294 c  #1.07
Total compounds 10.0 a 031 14.0 b +091 38.6 c  #1.32

HD, hydrodistillation; MD, microdistillation; EX,avent extraction. STD, standard deviation. a,  ansignificant differences
among methods.

Table 5. Main volatile compounds quantification expressethilligrams of terpenoids per gram of plant
material (content > 0.5 mg/g in any of the threeahnods) and statistical significanceTiymus
mastichina.

HD MD EX

LRI Compound mean STD mean STD mean STD

938  o-pinene 0.8 b +0.06 1 c $0.05 05 a +0.04
976  sabinene 0.8 b +0.06 0.8 b +0.06 0.5 a +0.05
980 p-pinene 1.3 b +0.08 1.4 b +0.08 038 a  *0.06
991 myrcene 0.4 b +0.03 0.5 b  +0.03 0.3 a *0.03
1037 1,8-cineole+limonene 13.7 a *1.86 223 b +1.174.1 a  *0.67
Total monoter pene hydrocarbons 17.6 a 199 26.6 b #1.43 16.7 a +0.88
1099 linalol 1.3 b 004 15 b 017 09 a *0.08
1170 borneol 0.3 a *0.04 0.5 c +0.03 0.4 b +0.03
1190 o-terpineol 0.7 a 0.09 13 c $0.08 11 b  +0.11
Total oxygenated monoter penes 31 a 018 4.2 b 025 3.2 a +0.25
1435 p-caryophyllene 0.3 a 0.03 03 a 004 05 b  +0.05
Total sesquiterpene hydrocarbons 0.5 a 005 05 a 0.06 0.9 b  +0.08
Total oxygenated sesquiterpene 1.0 a *0.16 09 a $0.07 1.3 b $0.21
Total identified 22.2 a *¥227 322 b #1.63 221 a +1.37
Total compounds 234 a #237 335 b #1.67 27.0 a 184

HD, hydrodistillation; MD, microdistillation; EX,avent extraction. STD, standard deviation. a,  ansignificant differences
among methods.
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Lamiaceae species collected in Spain
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Variability in essential oil composition of wild pgulations of Labiatae

species collected in Spain

Abstract

Essential oils of 11 populations dfhymus mastichingL.) L., 10 populations ofSalvia
lavandulifolia Vahl and 12 populations dfavandula latifoliaMedik., collected in full bloom
during 3 years (2009, 2010 and 2011) were analpge@C-FID/MS to study the variability
among populations and the influence of the yedran¥est in the essential oil composition. One
factor ANOVA for population origin and year of hast, and Principal Component Analyses
(PCA) using the main compounds as set of obsenstieere carried out for each species. For
T. mastichinaall the samples were 1,8-cineol chemotype (58.58288), however the linalool
content showed a great range of variation (1.184%®). 1,8-cineol (6.21-33.69%), camphor
(2.85-22.44%) an@-pinene (5.11-19.85%) were the main compoundsftavandulifoliaand
1,8-cineol (30.57-54.09%) and linalool (15.82-483@4 for L. latifolia essential oils.
Populations fromT. mastichinaand S. lavandulifolia from different years appeared mainly
grouped in the PCA figures while latifolia populations showed no clustering. mastichina
was the least environmentally influenced specigspwing mainly differences among
populations. S. lavandulifolia also had small differences among campaigns andehigh
differences within populations. Conversell, latifolia showed a higher percentage of
differences in the volatile composition depending the year of harvest but genotypic
variability was also observed. In conclusion, tlaiability of the essential oil composition is
largely dependent on the population studied hagegetic factors a greater influence than the
environmental factors. However, environmental fexctare also influencing the essential oils

composition and must be taken into account.

Keywords: Essential oilsl.avandula latifolig Salvia lavandulifolia, Thymus mastichina
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4.1. Introduction

Lamiaceaeis a family of great diversity which comprises aagle number of species with
aromatic and medicinal propertieehymus mastichingdlL.) L. (Spanish marjoram) distributed
over most of the lberian Peninsula (Spain and BahuSalvia lavandulifoliaVahl (Spanish
sage) characteristic-growing plant of Spain, SEhé€eaand NW Africa antlavandula latifolia
Medik. (spike lavender), growing wild in the Iberi&eninsula, France, Italy and the West-
Balkan States, are part of this family (Mora¢g¢sl, 2010).

The essential oil of these three species is edtaahd used for the perfumery, cosmetic and
aromatherapy industns. lavandulifoliaandL. latifolia essential oils are among the 20 most
traded in the world with a global annual productairb0-100 t (Lubbe and Verpoorte, 2011).
Furthermore, Spain and Portugal are the biggestumers ofT. mastichinaessential oil. The
dried leaves of these species are used for physgihebecause of their medicinal properties.

The food industry also employs them as flavourimg$ourings or antioxidants.

These species have been harvested from natureaic@nt times, but wild collection presents
a set of problems such as: misidentification of niegerial, lack of rural labor, heterogeneous
and insufficient production, impossibility to céytthe material as organic products and absence
of awareness of the chemical composition. In agldjttonsumers sometimes prefer wild plants
because they are considered more natural and arampters to cultivate this plant material are
often unknown. However, cultivation of these spediesults in a homogeneous production,
protecting them and preventing the threat of thbithf that occurs with wild collection.
Cultivation also enables the development of ruraba where climatic conditions allow the
growth of these species. Nowadays, they are alrdatesticated, but still an important part of
the production comes from wild plants. Especidllymastichinasince 90% of the production
in the Iberian Peninsula is harvested from its ratoabitat. As industry requires material with
a specific quality, some standards have been esdtedl Achieving quality parameters
established in the pharmacopeias and ISO quaétydsirds is not possible if the material is not

cultivated and previously selected.

Essential oils are complex mixtures of volatile pmunds produced by plants as secondary
metabolites. The production of these secondaryhoétas can be influenced by several factors.
According to Figueiredoet al. (2008) these factors include: physiological Mwizs,

environmental conditions, geographic variationsagie factors, evolution, storage, etc.
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Many studies have been conducted to analyse howe tvarious factors influence the
production and composition of essential oils, with aim of optimizing the culture conditions,
knowing the adequate time of harvest and obtaitiegquality essential oils required by the
industry. With respect to physiological variatiomsfferent organs of the plant may produce
differences in the composition of the essentiak.oMiguel et al (2004a) found different
composition in flowers and leaves ®f mastichinaand Schmidereet al (2008) obtained

differences within the volatile fraction of calysgrolla and anthers &. lavandulifolia

Environmental factors are also a parameter to kentanto account, Curadet al (2006)
obtained several correlations between the essasitisbmposition ofLychnophora ericoides
Less. and different environmental factors and Satquet al (1997) found a correlation
between the linalool content ®f mastichinaand Atlantic humidity. Other authors have proved
that seasonal variation influence the essentiataihposition as showed Miguet al. (2004b)
for Spanish marjoram. There are three known chepestyor this species: 1,8-cineol, linalool
and an intermediate chemotype (Adzet et al., 1911q, Salgueir@t al (1997) found that the

geographical variation df. mastichinavas related to the different chemotypes.

The above mentioned studies refer to examples it cause changes in the chemical
composition. However, no long term assays have lmeslucted to study which chemical
compounds remain stable during different harvestimgpaigns and which compounds can be

influenced by weather conditions in each year ovést.
In order to study the influence of the year of lestvand the geographical origin of population
in the variability of the essential oils @ mastichinaS. lavandulifoliaandL. latifolia species,

several wild populations were collected in thedidlring three consecutive years (2009, 2010

and 2011) for further analysis.

4.2. Materials and Methods

Plant material
Representative samples of 11 populationd .omastichina 10 population ofS. lavandulifolia

and 12 populations df. latifolia, were collected during full blossom phase betwdeme and

August for three consecutive years (2009, 2010281d) in Castilla y Ledn, Spain.
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All the samples were air-dried at room temperatmd kept from light. Flowers and leaves

were separated from the stems and used for fuathelysis. Collection data of the populations

are given in Table 6. Voucher specimens from alsamples were deposited in the herbarium
of the botanic area (PALAB) in the Campus of Pal@ndniversity of Valladolid.

Hydrodistillation

The essential oils were isolated from 180 g of dirimaterial of each population by

hydrodistillation in 2 L of water for 150 min, ugifa Clevenger-type apparatus.

GC-MSand GC-FID analysis

Essential oils were analysed with a GC-MS and aFHZ-GC-FID system (6890N Network
GC system Agilent Technologies, Palo Alto, CA, USAas equipped with a DB-5 narrow
column (10 m x 0.1 mm x 0.im). Helium was used as carrier gas. Front inlet ket at
260°C with a split ratio of 100:1. The volume ofrgde injection was 0.AL. The temperature
program was, 60°C for 1 min; 60-85°C at a rate°@/®in; 85-280°C at a rate of 15°C/min;
280-300°C at 30°C/min, and held at 300°C for 5 min.

The GC-MS analysis was carried out with a GC-MS G880 coupled with a HP 5972 MSD
(Hewlett-Packard, Palo Alto, CA, USA). The GC weguipped with a DB-5ms capillary
column (30m x 0.25 mm x 0.2&m film thickness). The carrier gas was Helium (2/min).

GC oven temperature program was: 60°C for 4 nsmg to 100°C at 5°C/min, and then from
100°C to 280°C at 9°C/min. The volatile compoumgse identified by comparison of the mass
spectra of every compound with a mass spectrarjilwfavolatile compounds and confirmed by
comparison of the retention indices from literatg#glams, 2007). Some of the compounds
were additionally checked by reference compoundisth& compounds are expressed in peak

area percentage.

Statigtical analysis

The statistical analyses of the data were done 8RBS program version 15.0 (SPSS, 2006).
One factor ANOVA was done for population and yeharvest as sources of variation and a
Duncan test was performed to analyse the diffeeacgong harvesting years for each species.
In order to assess the patterns of variation, P@& done by simultaneously considering the
main compounds (choosing the compounds with anageehigher than 1%, deleting those

which were not significant, neither for populatioar for year in the previous ANOVA). For
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this analysis the characters were initially scated make their variances equal. In the
multivariate space that they defined, a new setxes was then chosen so that the variance on
each axis was as large as possible but at righesng the preceding ones. The coefficient of

each data point on each new axis was a weighted§itmcoefficients on the original axes.

4.3. Results

Thymus mastichina (L.) L. variability

In T. mastichina a total of 63 compounds were identified (Table The compounds were
mainly oxygenated monoterpenes (82.40+1.09%). Bempounds showed averages higher than
1%: a-pinene, sabineng-pinene, myrcene, 1,8-cineol, limoneeransocimene, linaloolg-
terpineol ando-terpinyl acetate, being limoneng;trans-ocimene, linalool andx-terpinyl
acetate, whose showed the higher variability. Thénraompound was 1,8-cineol in all samples
(58.52-68.82%), so all the studied populations hglim 1,8-cineol chemotype.

In relation to the population variation, a total 38 compounds out of the 63 identified were
statistically significant (Table 7). In contrast, relation to the year of harvest, the variabitify
each compound was statistically significant foryofive compounds:-thujene, sabinene,
myrcene, a-campholenal andranssabinyl acetate. The year 2009 was characterizea b
significantly higher amount of myrcene than theeottwo years and by a higher amount of
sabinene than 2011. The year 2010 was charactdbized significantly lower amount af-
thujene than the other two campaigns and the y@at 2vas distinguished by hightrans

sabinyl acetate than the other harvesting yearshi@heéra-campholenal than 2009.

All compounds whose average was greater than 1% wsad for PCA. The first three principal
components explain 81.21% of the total variabilithe Figure 1 (A and B) showed that
samples of some populations are grouped in a c@osa demonstrating a small variability
among the different harvesting years: TM-1, TM-IM-33, TM-37 and TM-42.

Axis 1 explains 41.26% of the variability. The ptadions located in the left part of the graph A
are characterized by a higher content of linalddi{17, TM-1 and TM-23). On the other hand,
the positive part of axis 1 is characterized byydations with higher content ¢fpinene (TM-
42, TM-12, TM-33).
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Axis 2 explains 21.38% of the variability; the pt¢gitions located in the upper part of the graph
A are characterized by high contents:gkrpineol. TM-33 and TM-17 showed high contents of
a-terpineol (4.77% and 4.48%, respectively). Howevbhe negative part of the axis 2 is
characterized by a higher contentosferpinyl acetate. TM-42 and TM-12 were charactstiz
by the highest content afterpinyl acetate (2.89% and 2.52%, respectively).

Axis 3 explains 18.57% of the variability; poputais located in the positive part of axis 1 and
the negative part of axis 3 were characterizediply bontent of 1,8-cineol. TM-42 and TM-33,
were the populations with the largest amount of-cln@ol with 67.31% and 65.74%,
respectively. TM-29, TM-17 and TM-1, were the paiidns with the lowest amount of 1,8-
cineol with 59.54%, 60.18% and 60.94%, respectively

Salvia lavandulifolia Vahl variability

In Spanish sage, a total of 60 volatile compoundsewidentified (Table 8). The compounds
were mainly monoterpenes (34.24+3.83% monoterpeydrobarbons and 50.79+3.84%
oxygenated monoterpenes) but also an important anafisesquiterpenes is characteristiSof
lavandulifolia (4.88+1.25% sesquiterpene hydrocarbons and 6.99%1. oxygenated
sesquiterpenes). The main compounds were 1,8-cfh8ai4+6.15%), camphor (11.13+4.85%)
a-pinene (9.70+2.22%) ang@-pinene (9.47+3.74%), although other 11 compounisioed
averages higher than 1% (camphene, myrceng/mene, limoneney-terpinene, borneol,
isobornyl acetateg-caryophylleneo-humulene, caryophyllene oxide and viridiflorol)f e
three species studie8, lavandulifoliawas the species which presented the greatesbilayia
ranges, especially for: camphene 0.98-10.01%, campl85-22.42%, isobornyl acetate 0.09-
2.32%, caryophyllene oxide 0.79-5.69% and viridifld).34-7.16%.

The variability of the essential oil compounds @tation to the population showed statistical
significance for 24 compounds (40% of the totalpwever, there was almost no statistical
significance with respect to the variability amahg years of harvest (only for sabinene, nerol
anda-muurulol). The year 2010 was characterized bygaifitantly higher content of sabinene
while the year 2011 was characterized by a sigaifly lower content of nerol arndmuurulol.
Thus, the variability found irs. lavandulifoliadepends mainly on the origin of populations
studied as ifT. mastichina However, for this species the variability in carajtion is very high,
and although, part of the variability can be exmdai by the population studied, the percentage
of compounds explaining this variability is lowaah forT. mastichina so it exists a significant
part of the variability of the composition @& lavandulifolia essential oil that cannot be

explained by the factors studied.
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Fifteen compounds of Spanish sage essential cdirdd averages higher than 1%, however,
only nine of these compounds showed statisticaiyicant variability for origin of population
(camphene, p-pinene, 1,8-cineol, camphor, bornea§o-bornyl acetate,p-caryophyllene,
caryophyllene oxide and viridiflorol). The ACP (ki@ 2) taking into account those 9
compounds explains 71.27% of the variability witle first two principal components. Axis 1
explains more than a half of the variability (52#)8and represents mainly the variability in
camphene, 1,8-cineol, camphor, borneol and isoba@mrstate. The populations represented on
the negative part of axis 1 are characterized higher content of 1,8-cineol: SL-4 (29.37%),
SL-3 (26.20%) and SL-9 (20.78%) are grouped in plaid of the graph. At he same time, SL-4
and SL-3 are characterized by lower contents ofpteme (1.69% and 3.95%, respectively),
camphor (3.83% and 6.25%) and borneol (1.45% &B&P2, respectively).

Lavandula latifolia Medik. variability

A total of 55 compounds were identified in latifolia (Table 9), mainly oxygenated

monoterpenes (89.96%+1.74%) The main compoundsisfglant species were 1,8-cineol
(41.96+5.48%), linalool (30.34+7.69%) and camph®r27+2.46%), but other compounds
showed averages higher than X4pinene S-pinene, 1,8-cineol, linalool, camphor, borneol and
a-terpineol. Variability in these compounds was lowtan in T. mastichinaand S.

lavandulifolia

The variability of the identified compounds of spilavander is influenced by the two analysed
factors: the year of harvest and the populatiogiriFor the year of harvest as dependent
variable, a total of 16 compounds showed statissigaificance and for the population, a total

of 15 compounds were statistically significant. frthe three studied speciés,latifolia was

the most influenced by the year of harvest and lieflsienced by the population as source of

variation.

With respect to the main compounds, the year 2044 eharacterized by a lower contenixof
and g-pinene, sabinene;-terpineol and myrcene. In contrasis andtranslinalool oxide and
carvone were higher for the campaign of 2011. Tdrapounda-muurulol was higher for the

season of 2009, showing no significant differermtsveen the 2010 and 2011 campaigns.

As limonene was not significant neither for yeapopulation, therefore seven compounds were
used in PCA (Figure 3). The PCA explains 75.40%tled variability through principal
components 1 and 2. Axis 1 explains 50.16% of ¢ wariability. The right part of axis 1 is
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characterized by a high content of 1,8-cineghinene f-pinene and-terpineol while the left
area of the plot is characterized by high contehisalool. LL-4 and LL-9 are characterized by
low contents of 1,8-cineol (35.35% and 35.89%, eetipely) and high contents of linalool
(38.57%, 42.18%, respectively) while LL-2 is chaeazed by high contents of 1,8-cineol
(47.25%) and low contents of linalool (22.53%).

Axis 2 explains 25.24% of the variability; the pgog area is characterized by high contents of
camphor and borneol, therefore LL-5 is charactdrizg high contents of camphor (13.47%).
The lower part of the plot is characterized by kighontents ofx-terpineol, linalool angs-
pinene. Almost all the samples collected in the maigms of 2009 and 2010 appear in the
negative part of the axis or very close to it (g@tckeL-5 population that seems to be less
influenced by seasonality) and the content-0érpineol ands-pinene are significantly higher

for these campaigns in comparison with 2011.

4.4 Discussion

Chemical variability for the different species

The physiological aspects affecting essential mbpction show that many species have great
differences in essential oil composition, while exth have a more or less stable composition
(Figueiredo et al., 2008). Of the three speciedistl) S. lavandulifolia was the species which
presented the greatest variability rangesnastichinaandL. latifolia are mainly constituted by
oxygenated monoterpenes white lavandulifoliahas a more variable composition. For the
species Spanish marjoraamd spike lavender the main components do not ehaalthough
they are highly variable in content, however, tcaidph sagehere are more compounds
considered as main components and these are poeseritdepending on the population origin.
This huge variability has been studied and confirnre S. lavandulifoilaby other authors
(Herraiz-Pefalver et al., 2010; Jordan et al., ap0%his variability could be the reason why
several chemotypes have been identified in thist@pecies (Jordan et al., 2009a) as well as in
other species of the gen8alvia(Lamien-Meda et al., 2009; Mockuté et al., 2008yak et al.,
2006).

Minor variability was found among th&. mastichinasamples. Although interpopulation
variability was high for the two compounds thatetatine the chemotype, all the analysed
samples belongs to chemotype 1,8-cineol (Adzek e1@77; Salgueiro et al., 1997). latifolia

populations showed less variability thinmastichinaandS. lavandulifoila in agreement with
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the fact that no chemotypes are described for dpikender, even though the main compounds
(1,8-cineol, linalool and camphor) exhibited theagest variability, as well as previous studies
(Herraiz-Peialver et al., 2013).

Variability of the volatile compounds among populations

The chemical composition of the essential oilsaoted from plants is mainly controlled by the
genotype. Although iff. mastichinaall the studied samples were 1,8-cineol chemotgpmynd
60% of the compounds identified in this specieswst significant differences with the
population as dependent variable, meaning thathkenical variability of this species is mainly

agenotypic characteristic of each population.

In the case ofs. lavandulifolia around 39% of the identified compounds showedifsignt

differences with respect to the population origitence, the variability of Spanish sage is
mainly related to the genotype; however, the gvaaiability shown by this species is not as
dependent on the population as in Spanish marjaach other factors seem to affect the
chemical variability. This could be caused by otfaators, not taken in to account, that could
influence the chemical composition, like non-homugty within the populations, differences
in the phenological stage (Porres-Martiretzal, 2014), the morphological development or
changes in the flowers/leaves ratio. The compasitibflowers and leaves is sometimes very
different, Usano-Alemany (2012) found a markedetighce for leaves and flowers essential olil
composition ofS. lavandulifoliaand contents of linalool for flowers was 35% whigaves

presented around 1%. To prevent such variabilitg, very important to select morphologically

homogeneous plant material.

For L. latifolia, only about 30% of the identified compounds showaphificant differences
depending on the population. The main compoundsvisigo significant differences among
populations were camphernecis-ocimene, pinocarvone and borneol. Borneol corgentns to
be related to the population studied; in connectidth this, Barazandeht al. (2002) found a
population ofL. latifolia containing borneol (14.2%) in higher amount thamphor (6.9%),
however there are no chemotypes described fosgasies. The content of borneol in leaves of
L. latifolia is greater than the content in the flowers (MuBertomeu et al., 2007). It could be
that populations with a higher content of bornemsgnt a higher amount of leaves or larger

leaves.
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Variability of the volatile compounds within harvesting campaigns

For T. mastichinaand S. lavandulifolia, the chemical variability with respect to the yedr
harvest was very small; only five and three compisunrespectively, were statistically
significant. In contrast_. latifolia was the most affected species in relation to tedsting
year and then probably more influenced by the weratbnditions that occurred in each year of

the harvest season.

Sabinene showed significant differences with respethe year of harvest in the three species
studied, in the same way, the compourdsuurulol and myrcene were also statistically
significant in two of the studied species, so ilikgly that these compounds are less related to
genetic factors and more influenced by the enviremiad conditions of each year or by the

phenological stage in which the plant is collected.

Essential oil production and others secondary noditab are in general extremely dependent on
weather (Figueiredo et al., 2008). Weather conastimfluence the arid terrain, humidity and
irrigation water among other factors. As an exam@eira and Blanquer (1998) found in
Thymus piperellaL. that the chemotypg-cymenej-terpinene/carvacrol shows a positive
correlation with the aridity index and Jord&h al. (2009b) found changes in the volatile
compounds ofT. zygissubsp.gracilis (Boiss.) R. Morales shrubs cultivated under diffitre
watering levels. These environmental factors affemth species differently and even have
different effects within the same species. LoZiela Venskutonis (2005), changing the
environmental conditions, found h pulegioided.. two types of plants: (a) plants preserving

their volatile composition and (b) plants whichrsfiggantly changed their volatile compounds.

Furthermore, the phenological stage in which thantplis collected can greatly affect the
composition. Although all the samples were collddte full blossom phase, sometimes there
are great differences in the maturation of the 8mneven in the same plant. For example, the
compound myrcene can decrease from 1.2% to 0.98b flaral budding to the flowering stage
and increase again to 1.3% when the seed is fofeidd Ebrahimi et al., 2008) and Milos et
al. (2001) found inSatureja montand.. an increase of this compound from 5% to 6.7%nfro
July to September. Likewise, sabinene can charmge &.7% in floral budding and completely
disappear in the flowering stage and seed formdtimjad Ebrahimi et al., 2008). Because of
this, selecting the right period for harvest witbcenprehensive monitoring of the maturation of

the flower is important for obtaining the desirednposition.
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Another important factor to consider is the diffatreomposition of flowers and leaves. The
climatic conditions of each year, might also leadlifferent development of flowers or leaves
changing flower/leaf ratio of the different campag The compounda-pinene, f-pinene,
sabinene and-terpineol were significantly lower for the campaigf 2011 inL. latifolia and alll
these compounds are higher in flowersLofatifolia than in leaves (Mufioz-Bertomeu et al.,
2007). Sabinene and myrcene were also significalotiyer for the season of 2011 ih
mastichinaand it is reported for this species that both cammpls are higher in flowers than in
leaves (Miguel et al., 2004a). Thus, the climatioditions of 2011 could promote lower flower

development by increasing the percentage of leiavit® collected plant material.

Uses of the essential oils, selection and quality

Once the variability in the chemical compositiorttod different species populations is known, a
process of selection of plants to cultivate couwgjib thus ending the massive wild collection
that threatens the conservation of the specieshédprimary use of the essential oils of these
plant species is intended for perfume and cosnmatigstries, plant selection should be as close
as possible to meeting the quality standards (33, 2009, 2012) set by the industry for

these three species which were established totéaeibssessment of their quality (Table 10).

For T. mastichinamost of the samples met the quality parameterslfocompounds given in
the standard except for linalool acetate wherartaprity of the samples showed a range below
that required and only 13% of the samples reachedjtiality range for this compound. F&r
lavandulifoliaand in agreement with Herraiz-Pefialeeal (2010) the quality standard is more
difficult to reach due to the great variability thiis species. The most restrictive ranges for the
samples analysed were camphor (only 13% of the Isameached the standarttans-sabinyl
acetate (only 20% of the samples reached the s@ndand limonene (the majority of the
samples presented higher percentages than the memwhed in the standard). For the
latifolia samples analysed, in general they reached théyguatommended ranges, however
the content of linalool is, for half of the samplbiyher than suitable by the standards of quality

andtrans-a-bisabolene was not detected.

4. 5. Conclusions

As may be observed from the results obtained fertkiiee species, the variability is largely
dependent on the populations studied meaning thiaetg factors have greater influence in

comparison with the environmental factors and fiassible to select populations with desirable
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composition. However, environmental factors whiclancproduce differences in the
phenological stage or morphological development amo have an effect on the chemical
variability. Furthermore, the control of the enviroental factors, as well as choosing the right
period of harvest are really important to obtasteaired composition, especially for latifolia.
Standardising the plant material, thus providingimam homogeneity, is essential for quality

production.
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Table 6. Geographical coordinates of the studied population

Population Species Locality (province) Altitude Lomjitude  Latitude
T™-1 Thymus mastichina Toro (Zamora) 704 413122N  052424W
T™M-12 Thymus mastichina Tordesillas (Valladolid) 675 412933N  050054W
T™M-14 Thymus mastichina Truchas (Le6n) 957 421325N  061512W
T™-17 Thymus mastichina Almazén (Soria) 933 412826N 023538W
TM-23 Thymus mastichina Riaza (Segovia) 814 411527N 032805W
TM-29 Thymus mastichina Serranillos (Avila) 1190 402040N 045415W
TM-33 Thymus mastichina Perandones (Le6n) 507 423407N 064604W
T™M-37 Thymus mastichina Carrocera (Leo6n) 1029 424942N 115213W
T™M-42 Thymus mastichina Saldafia (Palencia) 816 423158N  044326W
TM-43 Thymus mastichina Bofiar (Ledn) 1017 425143N  051816W
TM-44 Thymus mastichina Lerma (Burgos) 945 415838N  032908W
SL-2 Salvia lavandulifolia Velamazén (Soria) 932 412905N 024722W
SL-3 Salvia lavandulifolia Burgo de Osma (Soria) 917 413435N 030148W
SL-4 Salvia lavandulifolia Langa de Duero (Soria) 846 413524N 031929W
SL-5 Salvia lavandulifolia Moral de Hornuez (Segovia) 1130 412714N 033756W
SL-6 Salvia lavandulifolia Fuentiduefia (Segovia) 844 412641IN  035738W
SL-7 Salvia lavandulifolia Olivares del Duero (Valladolid) 866 413749N  042847TW
SL-8 Salvia lavandulifolia Santibafiez del Val (Burgos) 945 415838N  032908W
SL-9 Salvia lavandulifolia Valle de Sedano (Burgos) 725 424344N  034551W
SL-11 Salvia lavandulifolia Cevico Navero (Palencia) 916 415221N 041136W
SL-12 Salvia lavandulifolia Reinoso de Cerrato (Palencia) 876 415657N 042228W
LL-1 Lavandula latifolia Dévanos (Soria) 940 415406N 015501W
LL-2 Lavandula latifolia Velamazén (Soria) 932 412905N 024722W
LL-3 Lavandula latifolia Moral de Hornuez (Segovia) 1130 412715N  033756W
LL-4 Lavandula latifolia Fuentiduefia (Segovia) 844 412641IN  035738W
LL-5 Lavandula latifolia Sedano (Burgos) 830 424118N  034413W
LL-6 Lavandula latifolia Santibafiez del Val (Burgos) 945 415838N  032908W
LL-7 Lavandula latifolia Gumiel de Izan (Burgos) 888 414623N 034040W
LL-8 Lavandula latifolia  Quintanilla de Onésimo (Valladolid) 796 413714N  0a2wW
LL-9 Lavandula latifolia Aguilar de Campoo (Palencia) 913 424533N 041350W
LL-10 Lavandula latifolia Tejado (Soria) 920 413340N 021326W
LL-11 Lavandula latifolia Cevico Navero (Palencia) 916 415221IN  041136W
LL-12 Lavandula latifolia Reinoso de Cerrato (Palencia) 876 415657N  042228W
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Table 7. Minimum, maximum and average of the compoundsidoin the essential oil of 11
populations ofThymus mastichin&. collected in 2009, 2010 and 2011 expresseccak @area

percentage (%). Statistical significance for yaat population variables.

LRI® Tentative compound min max mean st Population 2009 2010 2011 Year
927 tricyclene 0.00 0.11 0.02 0.03 ns 002 a 002 001 a ns
930 o-thujene 0.04 0.26 0.15 0.04 ns 0.16 a 012 b 017 a *
938 a—pinene 2.58 3.78 3.06 0.24 * 310 a 302 a 307 a ns
955 camphene 0.05 1.82 0.43 0.49 ok 045 a 043 a 043 a ns
977 sabinene 2.36 3.63 284 0.29 ns 304 a 281 ab 271 b *
981 p-pinene 3.89 5.08 444 0.32 *x 450 a 442 a 441 a ns
991 myrcene 1.36 2.05 1.61 0.15 ns 172 a 158 b 155 b *
1005 a-phellandrene 0.00 0.13 0.07 0.03 * 007 a 007 a 006 a ns
1020 a-terpinene 0.14 0.28 0.20 0.04 * 019 a 019 a 021 a ns
1029 p-cymene 0.16 0.51 0.27  0.09 rhx 027 a 025 a 029 a ns
1040 limonene 1.23 6.11 295 1.8 rkk 334 a 276 a 284 a ns
1041 1,8-cineol 58.52 68.82 63.60 2.65 b 63.22 a 6312 a 6438 a ns
1045 p-cisocimene 0.00 0.25 0.10 0.06 rk 010 a 011 a 009 a ns
1151 p-trans-ocimene 0.18 2.75 1.20 0.72 il 117 a 125 a 118 a ns
1062 y-terpinene 0.25 0.61 0.37 0.08 bl 036 a 035 a 039 a ns
1074 cis-sabinene hydrate 0.39 0.75 0.63 0.08 * 064 a 064 a 061 a ns
1076 cis-linalool oxide 0.00 0.19 0.06 0.04 Fork 006 a 005 a 006 a ns
1087 terpinolene 0.09 0.26 0.14 0.03 ns 015 a 014 a 015 a ns
1088 translinalool oxide 0.00 0.30 0.05 0.06 ns 005 a 004 a 007 a ns
1100 linalool 1.16 10.24 396 214 rork 350 a 437 a 392 a ns
1012 p-thujone 0.00 0.14 0.04 0.04 ns 003 a 006 a 004 a ns
1130 cis-p-Menth-en-1-ol 0.00 0.15 0.07 0.04 ns 007 a 008 a 007 a ns
1133 @-campholenal 0.00 0.05 0.01 0.02 ns 001 b 001 ab 002 a *
1146 nopinone 0.00 0.08 0.04 0.03 ns 005 a 003 a 004 a ns
1148 transssabinol 0.05 0.23 0.14 0.03 ns 012 a 014 a 014 a ns
1154 camphor 0.00 0.85 0.16 0.20 Fork 015 a 017 a 015 a ns
1164 sabina ketone 0.00 0.09 0.03 0.03 ns 003 a 002 a 004 a ns
1169 pinocarvone 0.00 0.13 0.10 0.02 ns 009 a 011 a 009 a ns
1171 s-terpineol 0.49 1.99 0.95 0.40 ok 094 a 09 a 09 a ns
1174 borneol 0.44 1.80 0.86 0.37 bl 08 a 08 a 087 a ns
1185 terpinen-4-ol 0.52 1.13 0.77 0.12 *x 074 a 078 a 078 a ns
1191 p-cymen-8-ol 0.00 0.08 0.04 0.02 ns 005 a 003 a 004 a ns
1198 a-terpineol 2.36 5.21 3.70 0.78 il 378 a 367 a 367 a ns
1205 myrtenal 0.04 0.20 0.09 0.03 ns 008 a 010 a 0.09 a ns
1210 verbenone 0.00 0.03 0.01 0.01 ns 001 a 000 a 001 a ns
1223 transcarveol 0.00 0.10 0.03 0.03 ns 003 a 003 a 002 a ns
1228 nerol 0.00 0.13 0.02 0.03 ** 003 a 003 a 002 a ns
1234 isobornyl formate 0.00 0.14 0.02 0.04 ** 002 a 002 a 002 a ns
1242 neral 0.00 0.09 0.04 0.02 ns 005 a 004 a 004 a ns
1253 linalool acetate 0.00 0.58 0.14 0.14 ** 016 a 014 a 012 a ns
1271 geraniol 0.00 0.11 0.05 0.03 ns 006 a 006 a 004 a ns
1283 isobornyl acetate 0.00 0.92 0.13 0.22 bl 013 a 012 a 014 a ns
1292 transsabinyl acetate 0.00 0.03 0.01 0.01 ns 000 b 000 b 001 a ki
1315 s-terpinyl acetate 0.05 1.03 0.45 0.29 rk 047 a 047 a 041 a ns
1350 a-terpinyl acetate 0.18 3.21 140 091 ok 148 a 144 a 130 a ns
1379 geranyl acetate 0.00 0.39 0.05 0.08 ns 008 a 003 a 004 a ns
1389 p-bourbonene 0.00 0.27 0.07 0.05 bl 006 a 008 a 006 a ns
1413 a-gurjunene 0.00 0.11 0.03 0.03 ok 003 a 004 a 003 a ns
1427 p-caryophyllene 0.29 1.29 0.83 0.28 rk 079 a 089 a 078 a ns
1441 p-gurjunene 0.00 0.05 0.01 0.01 *x 001 a 001 a 001 a ns
1463 trans p-farnesene 0.00 0.04 0.01 0.01 * 001 a 001 a 000 a ns
1469 allo-aromandendrene 0.02 0.19 0.09 0.04 ** 008 a 010 a 008 a ns
1489 germacrene D 0.06 0.93 0.23 0.18 ok 023 a 026 a 020 a ns
1502 bicyclogermacrene 0.11 0.43 0.27  0.09 rk 026 a 028 a 027 a ns
1520 y-cadinene 0.00 0.14 0.05 0.03 ns 005 a 005 a 004 a ns
1524 s-cadinene 0.00 0.14 0.06 0.04 ** 006 a 006 a 006 a ns
1555 elemol 0.16 1.17 0.62 0.26 ok 060 a 065 a 059 a ns
1586 spathulenol 0.00 0.23 0.08 0.06 ns 005 a 010 a 0.08 a ns
1593 caryophyllene oxide 0.08 0.63 0.32 0.13 * 028 a 037 a 031 a ns
1596 viridiflorol 0.14 111 0.44 0.20 *x 042 a 048 a 041 a ns
1605 ledol 0.00 0.22 0.09 0.05 * 008 a 010 a 0.09 a ns
1635 y-eudesmol 0.00 0.05 0.00 0.01 ns 001 a 000 a 000 a ns
1652  g-murulol 0.00 0.31 0.10 0.07 * 010 a 011 a 0.08 a ns
Monoterpene hydrocarbons11.25  16.06  13.09 1.07 ** 1352 a 1289 a 1293 a s n
Oxigenated monoterpenes 79.60 84.05 82.40 1.09 * 2.078 a 8221 a 8286 a ns
Sesquiterpene 0.77 2.59 1.63 0.44 rokk 158 a 174 154 a ns
Oxigenated sesquiterpenes 0.93 2.69 1.65 0.45 * b541la 181 a 157 a ns
Total identified 97.74 9950 98.77 0.36 98.72  8.68 98.90

3 inear retention index relative to n-alkanes in 4pmtar column.”Order of elution in non-polar column DB-5. In balde 10
compounds used for the PCA. st: standard deviaBopulation and Year: ns= non significant, * P<Q:85°<0.01, *** P<0.001.
Different letter for the campaigns (2009, 2010 2ad1) means significant differences.
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Table 8. Average, maximum and minimum amount of the compsuiund in the essential oil
of 12 populations oBalvia lavandulifoliafrom 2009, 2010 and 2011 expressed in peak area

percentage (%).Statistical significance for yeat population variables.

LRI® Tentative compound?® min max mean st Population 2009 2010 2011 Year
927 tricyclene 0.02 0.49 0.29 0.12 ok 030 a 028 030 a ns
930 o-thujene 0.25 1.22 0.40 0.17 ns 036 038 a 046 a ns
939 a-pinene 6.60 15.07 9.70 2.22 ns 1038 936 a 939 a ns
956 camphene 0.98 10.01 6.17 2.57 Fokk 634 a 596 a 6.20 a ns
959 thuja-2,4 (10)-diene 0.00 0.03 0.01 0.01 ns 002 001 a 001 a ns
977 sabinene 0.29 1.36 0.85 0.23 ns 08b 101 a 074 b *
982 p-pinene 5.11 19.85 9.47 3.74 * 890 a 11.06 a 844 a ns
991 myrcene 3.16 8.28 5.83 1.60 ns 6.2 512 a 6.09 a ns
1008 o-phellandrene 0.00 0.12 0.05 0.03 ns 0.0 005 a 006 a ns
1020 o-terpinene 0.14 0.50 0.22 0.07 ns 02& 019 a 024 a ns
1029 o-cymene 0.48 3.00 1.23 0.49 ns 1.2@eb 102 b 148 a ns
1038 limonene 4.76 17.91 9.14 291 ns 9.10a 859 a 973 a ns
1039 1,8-cineol 6.21 33.69 18.74 6.15 rkk 18.79 a 1794 a 1950 a ns
1040 p-cisocimene 0.04 0.17 0.07 0.03 * 0.07a 008 a 006 a ns
1051 y-terpinene 0.54 2.08 1.35 0.34 ns 13, 145 a 121 a ns
1074 cis-sabinene hidrate 0.33 0.70 0.49 0.08 ns 058 047 a 048 a ns
1087 terpinolene 0.11 0.36 0.21 0.06 *x 0.22a 022 a 021 a ns
1100 linalool 0.46 0.94 0.69 0.12 ns 0.72a 067 a 0.68 a ns
1123 p-thujone 0.00 0.14 0.02 0.04 ns 0.0la 002 a 004 a ns
1133 og-campholenal 0.04 0.15 0.09 0.03 * 0.10a 0.09 a 0.09 a ns
1145 transpinocarveol 0.11 3.64 0.50 0.75 ns 0.2 088 a 040 a ns
1153 camphor 2.85 22.44 11.13 4.85 Fkk 11.06 a 1154 a 10.77 a ns
1169 pinocarvone 0.05 0.15 0.09 0.03 * 0.09a 0.09 a 009 a ns
1178 borneol 0.74 7.72 3.90 1.47 ** 393 a 38 a 393 a ns
1185 terpinen-4-ol 0.52 1.20 0.74 0.18 * 0.78a 074 a 072 a ns
1197 o-terpineol 0.35 2.63 0.97 0.48 ns 0.8%9a 098 a 106 a ns
1201 myrtenal 0.02 0.11 0.06 0.02 ** 0.06a 0.07 a 006 a ns
1209 verbenone 0.00 0.06 0.01 0.01 ns 00R 001 a 001 a ns
1223 trans-carveol 0.00 0.10 0.05 0.02 ** 0.06a 0.06 ab 0.04 b ns
1234 isobornyl formate 0.00 0.13 0.06 0.05 ns 0.0 002 a 005 a ns
1228 nerol 0.01 0.10 0.06 0.02 ns 0.07a 0.07 a 004 b **
1249 carvone 0.00 0.07 0.04 0.02 ns 004 004 a 004 a ns
1253 linalool acetate 0.00 0.24 0.13 0.06 ns 0.12 013 a 014 a ns
1284 isobornyl acetate 0.09 2.32 1.12 0.52 * 1.00 a 105 a 130 a ns
1290 trans-sabinyl acetate 0.00 3.48 0.36 0.78 ns 003 068 a 036 a ns
1315 J-terpinyl acetate 0.00 0.01 0.00 0.00 ns 0.0a 0.00 a 0.00 a ns
1349 o-terpinyl acetate 0.00 0.34 0.07 0.08 ns 0.0&a 006 a 007 a ns
1352 og-cubebene 0.00 0.16 0.09 0.05 ns 0.0ee 008 a 011 a ns
1389 p-bourbonene 0.00 0.12 0.03 0.03 * 0.022 004 a 002 a ns
1392 p-elemene 0.00 0.02 0.00 0.01 ns 0.0m 000 a 001 a ns
1413 o-gurjunene 0.00 0.22 0.06 0.05 ns 0.0m 006 a 008 a ns
1427 p-caryophyllene 1.06  4.29 2.32 0.77 * 235 a 247 a 215 a ns
1437 p-gurjunene 0.00 0.06 0.02 0.02 ns 00&A 001 a 002 a ns
1447 aromadendrene 0.00 0.11 0.03 0.03 ns 0.04 002 a 004 a ns
1464 o-humulene 0.74 2.19 1.38 0.38 ns 13%m 139 a 139 a ns
1470 allo-aromandrene 0.02 0.09 0.06 0.02 * 0.0& 006 a 007 a ns
1478 o-muurulene 0.01 0.35 0.14 0.08 * 0.10a 0.15 a 016 a ns
1489 germacrene D 0.00 0.16 0.05 0.04 ns 0.0a 007 a 004 a ns
1491 p-selinene 0.00 0.20 0.04 0.04 ns 0.0m 004 a 004 a ns
1520 y-cadinene 0.00 0.41 0.10 0.13 * 0.07a 012 a 011 a ns
1524 s-cadinene 0.02 0.78 0.14 0.15 ns 0.1 012 a 017 a ns
1559 elemol 0.00 0.20 0.07 0.05 xx 0.07a 005 a 008 a ns
1581 palustrol 0.00 0.08 0.02 0.02 Fork 0.02a 002 a 002 a ns
1587 spathulenol 0.00 291 0.31 0.54 ns 0.0b 028 ab 059 a ns
1593 caryophyllene oxide 0.79 5.69 2.55 1.06 * 249 a 276 a 239 a ns
1606 viridiflorol 0.34 7.16 3.63 1.97 ek 377 a 356 a 356 a ns
1617 ledol 0.00 0.18 0.09 0.02 * 0.02a 003 a 002 a ns
1635 y-eudesmol 0.00 0.13 0.03 0.03 ns 0.0 0.03 a 003 a ns
1652 a-muurulol 0.00 0.44 0.24 0.14 ns 0.29a 028 a 015 b =
1656 p-eudesmol 0.03 0.28 0.15 0.05 ns 0.1 0.16 a 012 a ns
Monoterpene hidrocarbons 27.37 4472 34.24 3.83 ns 3483 a 3443 a 3341 a ns
Oxigenated monoterpenes 39.41 59.18 50.79 3.84 ns 4940 a 4940 a 5110 a ns
Sesquiterpene hydrocarbons  2.37 7.79 4.88 1.25 * 374a 462 a 439 a ns
Oxigenated sesquiterpenes 3.68 11.09 6.79 1.99 * 692 a 716 a 6.96 a ns
Total identified 92.65 97.37 95.79 0.77 95.52 .096 95.86

3 inear retention index relative to n-alkanes in 4pmar column.’Order of elution in non-polar column DB-5. In bdide 9
compounds used for the PCA. st: Statistical sigaifte of the variables Population and Year. nssigoificant; *:P<0.05; **:
P<0.01; ***: P<0.001. Different letter for the camigns (2009, 2010 and 2011) means significant rdiffees.
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Table 9. Average, maximum and minimum amount of the compsuund in the essential olil
of 12 populations ot.avandula latifoliacollected in 2009, 2010 and 2011 expressed in peak

area percentage (%).Statistical significance far yand population variables.

LRI® Tentative compound min max mean st Population 2009 2010 2011 Year
927  tricyclene 0.00 0.34 0.05 0.06 ns 0.05a 006 a 005 a ns
932  g-thujene 0.00 0.21 0.03 0.05 ns 0.03a 0.04 a 002 a ns
939 a-pinene 0.66 2.93 2.01 0.55 ns 240 a 201 b 161 ¢ b
954 camphene 0.21 0.76 0.49 0.12 rkk 0.49 a 049 a 048 a ns
958  thuja-2.4(10)-diene 0.02 0.12 0.06 0.02 ns 0.05.a 006 a 0.07 a ns
976 sabinene 0.31 1.14 0.75 0.19 * 0.88a 075 a 062 b *k
980 p-pinene 1.35 3.58 2.49 0.55 ns 295 a 252 b 201 c *kk
991 myrcené 0.39 0.87 0.63 0.12 ns 0.71 a 067 a 050 b ok
1005 a-phellandrene 0.00 0.20 0.04 0.04 ns 0.05a 006 a 003 a ns
1020 a-terpinene 0.09 0.23 0.16 0.03 * 0.16a 015 a 017 a ns
1028 p-cymene 0.03 0.33 0.19 0.05 ns 0.19a 019 a 0.8 a ns
1038 limonene 0.69 2.80 1.32 0.42 130 a 114 a 152 a ns
1036 1,8-cineole 30.57 54.09 41.96 5.48 * 4220 a 40.09 a 4360 a ns
1040 p-cisocimene 0.13 0.72 0.28 0.14 bl 031 a 025 a 028 a ns
1053 pg-transOcimene 0.00 0.18 0.06 0.04 * 0.07 a 005 a 0.05 a ns
1064 y-terpinene 0.18 0.49 0.27 0.06 ns 0.27a 026 a 027 a ns
1071 cis-sabinene hydrate 0.28 0.81 0.50 0.15 * 0.57a 048 ab 044 b ns
1078 cis-linalool oxide 0.00 0.48 0.08 0.09 ns 0.04 b 0.04 b 0.16 a ok
1092 translinalool oxide 0.00 0.43 0.06 0.08 ns 0.02b 0.02 b 013 a ¥
1091 terpinolene 0.09 0.44 0.20 0.06 ns 0.20a 021 a 019 a ns
1098 linalool 15.82 4594 30.34 7.69 * 2676 b 3342 a 30.84 ab ns
1124 cis-p-menth-2-en-1-ol 0.00 0.09 0.04 0.03 ns 0.05a 004 a 004 a ns
1128 @-campholenal 0.03 0.19 0.12 0.04 * 0.13a 011 a 0.13 a ns
1146 nopinone 0.08 0.18 0.12 0.02 ns 0.12ab 011 b 014 a ns
1149 transsabinol 0.19 0.44 0.31 0.06 ns 0.31ab 028 b 033 a ns
1148 camphor 3.45 16.14 9.27 2.46 *x 935 a 850 a 994 a ns
1164 sabina ketone 0.00 0.11 0.05 0.03 ns 004 004 a 006 a ns
1166 pinocarvone 0.19 0.50 0.31 0.07 ns 0.31a 029 a 034 a ns
1171 borneol 1.03 3.07 1.61 0.40 ok 157 a 162 a 163 a ns
1181 terpinen-4-ol 0.45 0.83 0.63 0.09 * 0.62 a 062 a 0.66 a ns
1190 p-cymen-8-ol 0.05 0.33 0.17 0.05 ns 0.18ab 015 b 020 a *
1193 hexyl butanoate 0.00 0.14 0.05 0.04 * 0.03a 006 a 004 a ns
1192 a-terpineol 0.85 1.83 1.34 0.26 ns 152 a 142 a 108 b *kk
1197 myrtenal 0.17 0.67 0.33 0.11 ns 0.34a 033 a 033 a ns
1209 verbenone 0.07 0.19 0.13 0.03 ns 0.13b 011 b 0.16 a *k
1221 transcarveol 0.00 0.09 0.03 0.03 ns 0.05a 002 a 003 a ns
1232 isobornyl formate 0.00 0.12 0.06 0.03 ns 0.05a 0.05 a 0.07 a ns
1239 hexyl-2-metyl-butanoate 0.06 0.18 0.12 0.03 ns 0.12b 014 a 011 b *
1246 hexyldiso-valerate 0.00 0.20 0.09 0.05 ns 0.07a 007 a 011 a ns
1249 Carvone 0.02 0.29 0.11 0.05 ns 0.09b 009 b 0.15 a ok
1260 linalool acetate 0.00 0.06 0.01 0.02 ns 0.0la 001 a 001 a ns
1424  g-gurjunene 0.00 0.55 0.07 0.09 ns 0.07a 005 a 0.08 a ns
1435 p-caryophyllene 0.19 0.85 0.44 0.17 * 048a 044 a 038 a ns
1451 trans p-farnesene 0.04 0.22 0.11 0.05 ns 0.12a 012 a 008 b *
1485 germacrene D 0.07 0.25 0.15 0.05 ns 0.17a 0.15 ab 013 b ns
1512 cis-a-bisabolene 0.00 0.14 0.05 0.03 ns 0.06a 006 a 004 a ns
1517 y-cadinene 0.05 0.22 0.11 0.05 ns 0.14a 010 b 0.09 b *
1524 s-cadinene 0.00 0.20 0.07 0.04 ns 0.09a 0.05 b 006 b *
1559 Elemol 0.00 0.04 0.01 0.01 ns 0.00 a 001 a 0.01 a ns
1585 germacrene-D-4-ol 0.00 0.12 0.02 0.02 ns 0.0:® 002 a 002 a ns
1595 caryophyllene oxide 0.26 0.89 0.46 0.16 ns 043b 039 b 055 a *
1604 viridiflorol 0.00 0.31 0.03 0.08 ns 0.01 a 0.02 a 0.08 a ns
1616 ledol 0.00 0.11 0.05 0.03 ns 0.05a 004 a 005 a ns
1652 g-muurulol 0.16 0.73 0.38 0.12 ns 0.48 a 035 b 032 b ok
1691 a-bisabolool 0.00 0.84 0.23 0.16 ** 029 a 020 a 019 a ns
Monoterpene hidrocarbons 3.34 9.81 6.89 1.45 ns 679 699 b 574 c *kk
Oxigenated monoterpenes 86.63  94.10 89.96 1.74 ns 8468 ¢ 90.03 b 9140 a ok
Sesquiterpene hydrocarbons 0.53 1.68 0.98 0.31 * 141.a 097 a 085 a ns
Oxigenated sesquiterpenes 0.65 2.01 1.17 0.35 ns 29 1.a 102 a 121 a ns
Total identified 98.00 99.50 99.01 0.31 98.84 99.00 99.20

3 inear retention index relative to n-alkanes on-pofar column.Order of elution in non-polar column DB-5. In bdide 7
compounds used for the PCA. st: Statistical sigaifte of the variables Population and Year. nssigoificant * P<0.05, **
P<0.01, *** P<0.001. Different letter for the canigras (2009, 2010 and 2011) means significant diffees.
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Table 10.Quality ranges from the International Standarda@ization forThymus mastichina,
Salvia lavandulifolisandLavandula latifolia

1SO 4728:2003 1ISO 3526:2005 1SO 4719:2012
T. mastichina (%) S. lavandulifolia (%) L. latifolia (%)
a-pinene 1-4.5 a-pinene 4.0-11.0 limonene 0.5-3.0
p-pinene 2.0-5.0 sabinene 0.1-3.0 1,8-cineol 16.0-39
limonene 1.0-6.0 limonene 2.0-5.0 linalool 34.0650.
1,8-cineol 30.0-68.0 1,8-cineol 11.0-30.0 linalgktate t-1.6
linalool 3.0-48.0 linalool 0.3-4.0 a-terpineol 0.2-2.0
camphor 0.1-2.0 camphor 15.0-36.0 trans-a-bisabolene 0.4-2.5
J-terpineol 0.2-2.0 borneol 1.0-5.0
borneol 0.1-1.8 terpinen-4-ol 0-2
terpinen-4-ol 0.2-1.2 linalyl acetate 0.1-5.0
linalyl acetate 0.2-4.0 sabinyl acetate 0.5-9.0

p-caryphyllene 0.5-1.5
%: Peak area percentage
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By-product of Lavandula latifolia essential oil distillation as source of

antioxidants.

Abstract

The objective of the work was to evaluate the aid@nt properties olLavadula latifolia
wastes. Samples of 12 populations collected in 28@® 2010, were hydrodistilled and by-
products were analysed through Folin-Ciocalteus fiedical scavenging activity (DPPH) and
the ferric reducing antioxidant power (FRAP) methodosmarinic acid, apigenin and luteolin
contents were analysed by HPLC-DAD. Mean of totaérmls ranged from 1.89+0.09 to
3.54+0.22 mg GA eqg/g DW. Average value of the E@&0scavenging activity ranged from
5.09+0.17 to 14.30+1.90 mg/mL and the variability the EC50 in FRAP ranged from
3.72+0.12 to 18.55+0.77 mg/mL. Annual variation viesnd and environmental conditions of
2009 were more favourable. The population Sedamevaett the highest antioxidant power.
Rosmarinic acid and apigenin content, contributethé antioxidant properties of the waste. In
conclusion, the by-product of the distillation irstiy could be valorising as source of natural

antioxidants.

Keywords: Spike Lavender, by-product, antioxidant activityptal phenol content,

interpopulation variability.
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5.1. Introduction

The genudLavandulais a member of the Lamiaceae (Labiatae) familyclwhiomprises 39
species. This genus has a wide distribution from tacaronesic region to all the
Mediterranean regions and is scattered througth@ulNorth of Africa, the Arabian Peninsula
and South Asia reaching India (Morales et al. 20I®)particular, spike lavendeL.(latifolia
Medik.), is a shrub plant that measures betweeansi070 cm and blossoms in mid-July (Upson
2002).L. latifolia is mainly found in limestone rocks or dry pastusassunny hillsides, in basic
substratum and alluvial sands (between 20 and 2930eing typical in the Iberian Peninsula,

France, Italy and former Yugoslavia (Morales efall 0).

Since ancient times, the main used_aandulagenus have been medicinal, ornamental, for
flavourings, to obtain essences, as a condimenaatisinfectant due to its antiseptic properties.
In relation to that, the capacity bavandulaoil to act as a bactericidal and bacteriostatienhag
and also its antifungal properties have been gtudéand proved in recent years

(Hanamanthagouda et al. 2010).

Lavandula x intermedi&meric ex Loisel.L. angustifoliaMill. and L. latifolia Medik. are the
most widely used (Morales et al. 2010). Nowadagsniain uses of the genus are for medicinal
purposes and distillation to obtain essential oked in the perfume industry. Among the
medicinal properties are: anti-inflammatory (Hajfmami et al. 2003), antispasmodic,
anticonvulsant (Gilani et al. 2000) and sedativapprties, improving the quality of sleep and
reducing anxiety and stress (Field et al. 2008 piéa2010).

Spike lavender is used in the perfume industry xtvaet the essential oil from the plant,
generating a residue of several tons because ithare/orldwide production of between 50-100
tons every year (Lubbe and Verpoorte 2011). Therogluct of the distillation is a problem for
the distilling industry due to its huge volumessbme industries the waste biomass is used for
energy or for compost (Schmidt 2010). The disachges of this recycling system is that, for
industries, recycling the by-product to energy meggia huge investment, and recycling to
composting is not always satisfactory due to thegamrminative properties of some aromatic
plants (Martino et al. 2010), which may also bexsfarred by the plant residue. Aerial parts of
the plants of théavandulagenus have also the ability to act as a natutaxddant (Gulgin et
al. 2004) acting as a free radical scavenger witlverse content of polyphenols (Spiridon et al.
2011). Torres Claveirat d. (Torras-Claveria et al. 2007) found an importaamount of

polyphenols remaining in the by-product of lavandiravandula x intermedia Emeric ex
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Loiseleur) finding rosmarinic acid as main compowrdl an important presence of flavones
(apigenin, luteolin, and chrysoeriol). This indestthat other residues may also contain

polyphenols and could be valued for it.

To increase the value df. latifolia by-product, it could be used as a source of nhtura
antioxidants. These natural antioxidants couldieaeted for animal feed or as a natural food
preserver in the food industry. The toxicity of dopreservatives like butylated hydroxytoluene
known as BHT has been widely proved in animals Reeal. 2001), and the toxicity of
butylated hydroxyanisole (BHA) has also been stlidi®s et al. 2005). Although recent studies
by the European Food Safety Authority (EFSA 2012areported that the acceptable daily
intake of BHA and BHT are not generally exceedbd, safety of these authorised and widely
used additives is still controversial. Antioxidamtake and searching for new sources of natural
antioxidants are a priority nowadays. This is tlason why numerous studies on the
antioxidant content of plants have been carriedrotgcent years (Chiu et al. 2013; Spiridon et
al. 2011; Zheng and Wang 2001).

In order to exploit spike lavender as a sourceadfiral antioxidants, it is essential to know the
variability in the antioxidant content of differepbpulations ot.. latifolia, so as to select those
with a high content of antioxidants. The objectfehis work was to study the variability of the
antioxidant capacity and polyphenols content anmoulations and seasons in the aerial parts
of the plant and in the hydrodistilled residue this way, it would be possible to revalue the
waste of the distilling industry, thus reducing gwotion costs and preserving the environment.
Antioxidants and phenols are influenced by climatonditions (Lamien-Meda et al. 2010),

therefore the populations were studied during tears.

5.2. Materials and methods

Plant material

The aerial parts of 12 wild populationsloflatifolia were collected during the blossom phase in
the summer of 2009 and 2010 in twelve locationsff@astilla y Ledn (Spain).
Voucher specimens of these populations were degbsit Botany Laboratory, herbarium of

campus of Palencia (PALAB).

In Table 11 the province, locality and geographicabrdinates of the sampling sites are

indicated. The plant material was dried for fourek® at room temperature, in the dark, after
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being collected. When the drying process was fetsleaves and flowers were separated from
the stems and only the mix of leaves and flowers wsed for further analysis. Part of the raw
plant was ground by a grinder type ZM 1 (Retschintay) and preserved in a glass flask for

further analyses.

Chemical and Reagents

Methanol was obtained from Sigma-Aldrich (St. LoWED, USA). Folin-Ciocalteu reagent was
supplied by Panreac (Barcelona, Spain). Sodiumocate and trichloroacetic acid (TCA) were
obtained from Fluka (Steinheim, Switzerland). Galkcid, 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical and ferric chloride [Fe®H,O] were supplied by Sigma-Aldrich (St.
Louis, MO, USA). Phosphate buffer (pH 6.6) was jpred from sodium dihydrogen phosphate
(NaHPO,.2H,0) supplied by Merck (Darmstadt, Germany) and disndhydrogen phosphate
(NaHPO,.2H,0), supplied by Panreac (Barcelona, Spain).

Distillation process

The essential oils were isolated from 180 g of dirimaterial of each population by
hydrodistillation in 2 L of water for 150 min, ugira Clevenger-type apparatus. The by.product
obtained (waste plant material obtained after rengthe essential oils through distillation
process) was dried in an oven at 32 °C for 48 handsused for further analysis. The dry by-
product was ground by a grinder type ZM 1 (Ret$abrmany) and preserved in a glass flask

for further analyses.

Preparation of extracts

For each population, three homogeneous samplessaf 6f ground plant material or ground
by-product were mixed with 15 mL of methanol. Afatdition of methanol the mixture was
vigorously shaken for 5 min and allowed to decamtX hour. Subsequently, the methanol
extracts were separated and stored at -18 °C antlysis of total phenol content and
antioxidant activity by DPPH and FRAP methods.

Determination of total phenol content

The total phenol content of the extracts was measusing the Folin-Ciocalteu method based
on a colorimetric assay described by SingletonRossi (1965). One mL of each extract (with

a concentration of 5 mg/mL for the plant and 10migfor the by-product) was mixed with
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1 mL of Folin-Ciocalteu reagent. After 2 min, 1 mok saturated solution of sodium carbonate
was added and finally 7 mL of milliQ water were addAfter 90 min of reaction in the dark at
room temperature, the absorbance was measured Zahn72in a Jasco V530 UV/VIS
Spectrophotometer. The content of total phenolgdnh extract was determined through a
calibration curve of gallic acid (0.01-0.08 mM; peation coefficients > 0.99). The total phenol
content was expressed as mg of gallic acid equivalef dry weight plant or dry weight by-
product (mg GAE/Q).

Free radical scavenging activity (DPPH method)

The free radical scavenging activity was determingidg the method reported by Peradtaal
(2008).

The analysis was carried out with 300 of six different concentrations of methanolic-aqus
dissolutions (0.66-16.66 mg/mL) mixed with 2.7 mE BPPH radical (6 x 1®mol/L in
methanol). A blank solution was also prepared \8i@0 L of milli-Q water and 2.7 mL of
DPPH solution. The mixture was vigorously shakedh alfowed to rest for 60 min in the dark at
room temperature. A colorimetric evaluation wamstlearried out in the spectrophotometer at
517 nm. The free radical scavenging was measuresl @eycentage of DPPH decolouration

following the equation:
%Scavenging effect = [(#dpi—As)/Apppr]x100

where Appy is the absorbance of the blank solutions agdsAhe absorbance of each sample
concentration tested. The extract concentrationigirng 50% inhibition (EGy) was calculated.

Lower EGg value means a higher antioxidant activity.
Ferric Reducing Antioxidant Power (FRAP)

Six different concentrations of the methanolic-amge dissolutions (0.66-16.66 mg/mL) were
mixed with 2.5 mL of 0.2 M phosphate buffer (pH)6atd 2.5 mL of 1% (w/v) Fe(CN)]
solution. The mixtures were incubated for 20 minairwater bath at 50°C. The incubated
mixtures were allowed to cool at room temperat@ace cooled 2.5 mL of 10% (w/v)
trichloroacetic solution (TCA) was added. The Solt were mixed thoroughly, aliquots of 2.5
mL were withdrawn and 0.5 mL of 0.1% (w/v) Fe6H,O solution was added. The absorbance

was measured at 700 nm. The same procedure wawéallfor a blank but with milli-Q water
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instead of the sample. The extract concentratieesled to provide an absorbance of 0.55(EC

were calculated. Lower Egvalue means a higher antioxidant activity.
HPLC analysis

For HPLC analysis, 0.5 g of every sample of by-paidvere solved in petroleum ether during
24 hours, then filtered and extracted in a soxhvigh methanol as solvent for 150 min. The
methanol extracts were concentrated under vaculs &€ using a rotary evaporator and then

were re-suspended in 5 mL of acetonitrile/watet)(1/

HPLC analysis was performed in an Agilent Technigegl200 series High Performance
Liquid Chromatograph (HPLC) with a Diode Array Dettr (DAD) and equipped with a
Zorbax Eclipse XDB-C18 column (150 mm x 4.6 mm,dbium; Agilent Technologies). The
column was thermostated at 25 °C and the injestddnme was 20 pL. The solvents were (A)
water:acetic acid (98:2) and (B) acetonitrile. Thaw rate was 1.2 mL mih The linear
gradient used was: from 10 to 22% B in 10 min, fi22rto 38% B in 2 min, isocratic for 5 min,
finally from 38 to 100% B in 2 min and then isoa@cebr 5 min. Compound identification was
done by comparing their retention times and UVhlesispectra with their respective pure
standards at a wavelength of 254, 280 or 350 nrart#pg on the maximum absorption of each
compound. The phenolic compounds were quantifiedguthe external standard method and

the respective calibration curve of each quantifieenolic compound.
Statistical analysis

The statistical analysis of the data was done &RISS programme version 15.0 (IBM 2006). A
general ANOVA was done to check differences betwdatilled and non-distilled plant

material. The ANOVAs by plant material were perfedo evaluate populations and seasons.
The Pearson correlation coefficients among totahphcontent, free radical scavenging activity
and ferric reducing antioxidant power were alseeduined. To study the relationship between
antioxidant capacity and phenolic compounds in ltlgeproduct, a stepwise regression was

performed.
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5.3. Results

Total phenol content

The total phenol content in the non-distilled plaraterial was higher than the phenol content in
the by-product for all studied populations (Tab®).IThe phenol content in the non-distilled
material ranged from 2.67+0.14 (LL-2) to 8.27+0(&0Q-8) mg GAE/g of dry plant for 2009
and from 2.40+0.12 (LL-1) to 6.83+1.74 (LL-6) mg GAy of dry plant for 2010. For the by-
product, the phenol content of the populations eanigom 1.89+0.09 (LL-3) to 3.54+0.22 (LL-
5) mg GAE/g of dry by-product for the samples octéel in 2009 and from 1.97+0.16 (LL-3) to
2.60+0.23 (LL-9) mg GAE/g of dry by-product for 201 The loss of phenols by
hydrodistillation ranged between 24 and 89% dependn the population and the season.

Table 13 shows the sum of squares from the anadysiariance expressed as percentages and
indicating the contribution to the variability fdhe studied factors (population, season and
interaction between season and population) anduakéxpress the percentage of the variability
not explained by these factors. The effect of #esen on total phenol content and the effect of
genotypic variability were statistically significaut the effect of the season was much lower
than that of population effect. The interactionwestn year and population also had a strong
effect on phenol content (Table 13), this means tth@ annual season variation have been not
the same for all the populations. The percentadésflaence of each variable for both plant
and by-product showed that the population was tlstnimportant variable followed by

interaction between season and population and bleéngeason the less influential variable.

Comparing the results obtained with other authsraeither simple nor accurate because the
results vary depending on the extraction method! usel the solvent used for the different
concentrations of plant material (Krishnaiah et 2011). However, comparison with other
studies is necessary to have more representasutgeFor othetavandulaspecies such ds
angustifolig Miliauskaset al. (2004) measured the total phenol content in nmetiha extracts
obtaining 5.4+0.2 mg GAE/g of plant extract, a venyilar result to that obtained in this study

for L. latifolia.

Free radical scavenging activity (DPPH)

The scavenging activity of the aqueous-methanol&salutions in the non-distilled plant
material was higher than in the by-product forstlidied populations (Table 12). The value of

the extract concentrations providing a 50% inhilsitiof DPPH free radicals varied from

70



1.85+0.05 mg/mL (LL-8) to 4.56+0.15 mg/mL (LL-1prf the non-distilled plant material
collected in 2009 and from 2.94+0.09 (LL-8) mg/mbk $.69+0.35 mg/mL (LL-1) for the
samples collected in 2010. For the by-productatierage value of Egranged from 6.33+0.10
(LL-5) to 11.90+0.05 (LL-8) mg/mL for the samplesllected in 2009 and from 8.48+0.51
mg/mL (LL-12) to 14.30+1.90 mg/mL (LL-3) mg/mL fohe samples collected in 2010. For the
different populations studied, the increase inEk¥g, for the by-product in comparison with the

plant material ranged from 29 to 84% dependingherpbpulation and season.

The effect of the season on scavenging activity wash lower than that of genotypic
variability, however both factors were statistigaignificant, as well as the interaction between
year and population. Average values of scavengutiyity for samples collected in 2009
showed higher antioxidant capacity than populatmikected in 2010 however, checking every
population in some cases the results were moreufabte in 2009 and in other cases in 2010
because the interaction between year and populatenvery important and the samples were

collected in different places under different weathnd ecological conditions.

The lowest EG, were shown by LL-8 (1.85+£0.05 mg/mL for 2009 an8420.09 mg/mL for
2010) and LL-5 (2.83+0.04 mg/mL for 2009 and 3.0280mg/mL for 2010) for both seasons
in the non-distilled plant material. For the by-guet, LL-7 and LL-5 showed the highest
antioxidant capacity in 2009 with 5.09+0.17 and3&(B14 mg/mL, respectively, and LL-12 and
LL-5 in 2010 with 8.48+0.51 mg/mL for LL-12 and 9£0.61 mg/mL for LL-5. Miliauskagt

al (2004) found an inhibition of 35.4+1.7% using athamol extract concentration at 2.5
mg/mL for L. angustifoliawhich is very similar to those results obtainethvwthe non-distilled
plant of L. latifolia, since concentrations between 1.85+0.05 to 5.8%t+thg/mL provided an
inhibition of 50%.

Ferric Reducing Antioxidant Power (FRAP)

The samples analysed with FRAP method showed nmii@xalant activity for the non-distilled
plant extracts than for the by-product for all #mealysed populations the same as with the
previous methods (Table 12), except for LL-9 in 20¢here the antioxidant power was higher
in the by-product. The variability of the Efvalue of the reducing power in the studied
populations ranged from 1.79+0.01 mg/mL (LL-8) t®2%t0.03 mg/mL (LL-1) in the non-
distilled plant material collected in 2009 and fr&83+0.16 mg/mL (LL-9) to 5.83+0.44
mg/mL (LL-1) for the material collected in 2010. rFthe by-product the data ranged from
3.72+0.12 mg/mL (LL-7) to 9.37+0.51 mg/mL (LL-1)rféhe samples collected in 2009 and
from 7.88+0.61 mg/mL (LL-5) to 18.55+0.77 mg/mL (HL) for 2010. The increase in the &EC
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for the by-product in comparison with the plant enet ranged from 13 to 79% depending on

the population and year of harvest.

Like for total phenol content and scavenging attjvihe effect of the population on reducing
power was much higher than that of season, althdogh were statistically significant, as was
the interaction between year and population (Tdlde Samples collected in 2009 showed

higher antioxidant power than samples collecte20it0.

The populations with higher FRAP were LL-8 and LIfes 2009 and LL-9 and LL-8 for 2010
with 1.79+0.01, 2.17+0.06, 3.33+0.16 and 3.36x0vi@mL, respectively, for the non-distilled
plant. LL-7 and LL-5 in 2009, and LL-5 and LL-8 iB010 with 3.72+0.12, 4.35+0.12,
7.88+£0.61 and 7.97+0.60 mg/mL were the populatioite higher FRAP respectively, for the
by-product.

Gulcin et al (2004) measured the FRAP in aqueous and ethaagtracts ofL. stoechas
obtaining values of E{ around 0.04 mg/mL for the ethanolic extracts amadiad 0.06 mg/mL
for the aqueous extracts, showing reducing powéuegahigher than those obtained far

latifolia in our work.

As has already been obtained by other authors dMikas et al. 2004; Torras-Claveria et al.
2007), a negative correlation was found betweenptienol content and the Efvalues for
DPPH antioxidant capacity (Table 14), both in tlm-distilled plant extracts and in the by-
product (-65.92%P=0.0220, and -44.929%9=0.0277, respectively. The lower Ealues, the
higher antioxidant capacity). There was also a tiega&orrelation between the phenol content
and the EGp values for reducing power method as other autfoansd (Parejo et al. 2002) but
this correlation was only found for the non-distillplant (-46.51 %2=0.0220) and not for the
by-product. The correlation between &&alues for FRAP and DPPH method was statistically
significant for both materials (plant and by-profjusith a correlation of 64.20% (P<0.0007)
for the plant and a correlation of 72.70% (P<0.Qd0d.the by-product.

HPLC analysis

The three phenolic compounds identified in spikeetaler hydrodistilled residue were:

apigenin, luteolin and rosmarinic acid (Table 1Ropsmarinic acid was the predominant
phenolic compound in all populations regardlesthefyear assessed, although, its variation is
important from year to year. The average conterdlliofamples was higher in 2009 (189.18

mg/100g of dry residue) than in 2010 (159.11 mggPdowever, in some populations the
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opposite occurs: LL-3, LL-8, LL-10 and LL-12. Higbontents of rosmarinic acid is a

characteristic of the speciesladimiaceadJanicsék et al. 1999; Komes et al. 2011).

Variations in the content of major phenolic compdsindentified were highly significant
(P<0.01) for all three compounds, among the colledachplesThe same as for antioxidant
capacity analysis, these data indicate that theepee of polyphenols in the hydrodistilled
residue ol. latifolia depends on the population and the environmentabckeristics.

The results of the stepwise regression betweenxaddint capacity and phenolic compounds are
shown in Table 16. This regression model was dor@ddict the influence of the polyphenols
on the antioxidant capacity of the by-product. tdal phenol content, no variable met the 0.05
significance (Pr>F) for entry into the model, whimeans that other phenolic compounds not
measured and present in methanolic extracts ofewafstspike lavender are influencing the
amount of total phenols. In the case of scavengifert and ferric reduction antioxidant power,
rosmarinic acid was ranked before the apigeninbfith of the models, which explain 51.88
and 40.16% (Partial R-Square) of the variabilitgspectively. Despite this, the models
explained only 57.88 and 63.54% (Model R-Squarehefvariability, respectively, indicating
that, although these two compounds are responfsibigart of the antioxidant activity of spike

lavender waste, there are other compounds thattéffis biological activity.

5.4. Discussion

Methanolic extracts of the by-product showed a icirably lower antioxidant activity than the
plant material before distillation. The results rfiduare in agreement with those found by
Chizzolaet al (2008) who found a smaller amount of antioxidantthe by-products of leaves
of Thymus vulgarighan in the non-distilled plant material. Watetubte compounds and
essential oil are extracted from the original plenaiterial by the distillation process, and some
of these compounds also contribute to the totabmidiant activity (Katalinic et al. 2006).
Moreover, the essential oil of spike lavender cmista proportion of antioxidants (Chia-Wen et
al. 2009), and due to that the by-product obtaiakdr distillation showed less antioxidant
power. On the other hand, phenolic compounds ageireral sensitive to prolonged exposure
to heat and could be degraded with thermal treasné@hipurura et al. 2010) such as

hydrodistillation and the industrial process ofezg® extractions.
Although the waste of the distilling industry shaless antioxidant activity than the original

plant, it would be possible to recover appreciabi@unts of antioxidants from hydrodistilled

residue. Rosmarinic acid presence in this residwedharacteristic dfabiataefamily (Komes

73



et al. 2011), and our results confirm that thisrhie acid, as well as apigenin, contribute to the
antioxidant properties of the by-product. Howeuwligse compounds do not explain all the
antioxidant activity of the samples; other phenobenpounds detected in these samples but not

identified could also have antioxidant properties.

There was a considerable variability in the totamol content, in the antioxidant capacity data
and in the FRAP among the populations studied. dlocases, except for the total phenol
content of the by-product of 2010 which presentextiiom values, the population LL-5 from
Sedano (Burgos) is among the three populations gvitlater antioxidant capacity and phenol
content for the two seasons both in the non-distithaterial and in the by-product. By contrast,
the population LL-1 from Dévanos (Soria) is amoing three populations showing less
antioxidant activity for both years and for theeircolorimetric methods except for the phenol
content of the by-product of 2009. This preliminatydy showed that the population LL-5
could be selected by its highest antioxidant pribger

Phenols are secondary metabolites which are foltogetthe plant in stress conditions such as
drought, competition with other plants and infecti@<irakosyan et al. 2003; Manach et al.
2004) among other aspects. The interannual vanmiatias statistically significant in all cases
although it was less important than populationatasn. Conditions in 2009 proved to be more
favourable than those of 2010 due to a set of blsasuch as rainfall and temperatures.
Irrigation causes a reduction in the antioxidantteat of plants and fruits (Patumi et al. 2002),
and given that the 2009 season was a dry sumn@astilla y Leén with low rainfall and high

drought conditions with respect to the overall meis could be responsible for the higher

antioxidant activity of the samples collected 920

Data of the latitude, longitude and altitude weoHlected for every population however there

were no correlation between these parameters anektierimental data.

Other species of the Lamiaceae family noted forioaitant activity could be:Mentha
longifolia L. ssp.longifolia with an EG, for antioxidant activity of 57.4+0.5 mg/L, and tvia
phenol content of the extract of 45 mg GAE/g of drgract (Gulllice et al. 2007Qriganum
vulgarewith an EG, for the antioxidant activity in methanol extracfs9.5+0.5 mg/L and with
a phenol content of 220 mg GAE/g dry extragal{in et al. 2004). The antioxidant activity of
L. latifolia in comparison with the aforementioned species chm¢sstand out, but it could be

considered that the by-productlofiatifolia is a source of natural antioxidants.
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5.5. Conclusions

Distillation process oL. latifolia produces a non profitable waste and this by-progenerated
could be valorised and used as a source of nantiaixidants. In order to offer to the industry a
homogeneous product, it would be necessary to atdisg the production condition and to look
at the factors that influence the antioxidant cont&his study concludes that populations,
seasons and population by season interaction mfkighe antioxidant properties of the

latifolia by-product.

Acknowledgement

This project was carried out thanks to financiapmut from the Instituto Nacional de
Tecnologia Agraria y Alimentaria (INIA) through pest RTA2009-00062-C03-02. Inés
Méndez-Tovar was supported by a Ph.D fellowshipftbe Instituto Nacional de Tecnologia
Agraria y Alimentaria (INIA).

Conflict of interest

The authors declare that there are no conflicistefest.

75



Table 11.Geographical coordinates of collected populatmirisavandulalatifolia.

Populations  Province Locality Latitude (N) Longitu@lV)  Altitude (m)
LL-01 Soria Dévanos 41°54'06" 1°55'01" 968
LL-02 Soria Velamazan 41°29'05" 2047'22" 936
LL-03 Segovia Moral de Hornuez 41°27'15" 3037'56" 1133
LL-04 Segovia Fuentiduefia 41°26'41" 3057'38" 844
LL-05 Burgos Sedano 42041'18" 3044'13" 750
LL-06 Burgos Santibariez del Val 41°58'38" 3029'08" 953
LL-07 Burgos Gumiel de Izan 41°46'23" 3°40'40" 899
LL-08 Valladolid Quintanilla de Onésimo 41°37'14" 4°20'09" 879
LL-09 Palencia Aguilar de Campoo  42°45'33" 4°13'50" 913
LL-10 Soria Tejado 41°33'40" 2013'26" 1066
LL-11 Palencia Cevico Navero 41°52'21" 4°11'36" 916
LL-12 Palencia Reinoso de Cerrato  41°56'57" 4022'28" 876
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Table 12. Total phenol content, Egof scavenging activity, and Egof ferric reduction

antioxidant power, of the plant and the by-prodxfdhe 12 population dfavandula latifolia

Plant material 2009

By-product 2009

Population TP DPPH FRAP TP DPPH FRAP
mg GAE/lg ECsomg/mL  ECgomg /mL mg GAE/g ECgymg/mL ECgsmg/mL
LL-1 3.70+0.21 4.56+0.15 6.19+0.24 2.55+0.39 8.25+1.14  9.37+0.51
LL-2 2.67+0.14 4.28+0.38 3.92+0.13 1.91+0.34  10.55+1.05 7.45+0.31
LL-3 3.77+0.18 2.94+0.26 2.93+0.05 1.89+0.09 10.41+0.48 7.61+0.24
LL-4 3.13+0.28 4.39+0.16 3.36+0.23 2.09+0.13 8.97+0.30  6.17+0.07
LL-5 5.15+0.46 2.83+0.04 2.17+0.06 3.54+0.22 6.33+0.14  4.35+0.12
LL-6 3.70+0.44 3.82+0.07 3.39+0.03 2.05+0.12 8.03+0.45  5.21+0.15
LL-7 4.36+0.11 3.62+0.08 3.24+0.02 2.62+0.09 5.09+0.17  3.72+0.12
LL-8 8.27+0.50 1.85+0.05 1.7940.01 2.00+0.11  11.90+0.05 8.43+0.17
LL-9 4.93+0.20 3.18+0.08 6.21+0.03 2.45+0.16 8.23+0.59  5.61+0.08
LL-10 5.07+0.33 3.61+0.96 2.79+0.28 2.13+0.12 9.67+0.41  7.25%0.24
LL-11 4.09+0.22 3.86+0.10 3.28+0.07 2.36+0.07 8.42+0.53  5.76+0.27
LL-12 4.00+0.26 3.86+0.11 3.42+0.16 2.15+0.13  10.14+0.37 7.44+0.14
Plant material 2010 By-product 2010
Population TP DPPH FRAP TP DPPH FRAP
mg GAE/g ECgymg/mL ECgomg/mL mg GAE/g ECsgmg/mL ECsgmg/mL
LL-1 2.40+0.12 5.69+0.35 5.83+0.44 2.14+0.16  12.63+0.86 18.55+0.77
LL-2 3.06+0.22 3.19+0.05 3.67+0.15 2.11+0.13  11.26+1.21 10.85+0.99
LL-3 3.79+0.33  3.24+40.02 3.64+0.13 1.97+0.16 14.30+1.90 11.03%+1.72
LL-4 4.50+0.49 3.59+0.16 3.91+0.32 2.00+£0.12  13.87+0.67 11.03+0.63
LL-5 6.30+0.36  3.07+0.08 3.55+0.39 2.36+0.17 9.21+0.61  7.88+0.61
LL-6 6.83+t1.74  4.0610.44 3.82+0.43 2.29+0.14  11.20+0.39  9.65+0.30
LL-7 4.57+0.42 3.22+0.21 3.98+0.19 2.16£0.05 10.29+0.52 9.38+0.74
LL-8 4.79+0.36 2.94+0.09 3.36+0.10 2.49+0.23 9.22+0.65  7.97+0.60
LL-9 4.05+0.35  3.11+0.08 3.33+0.16 2.60+0.23 9.99+0.66  8.70+0.78
LL-10 3.29+0.30  4.01+0.26 4.47+0.26 2.52+0.30 9.64+1.09  9.49+1.08
LL-11 2.88+0.18  4.8310.28 5.39+0.22 2.57+0.28 9.81+1.22  8.35+1.38
LL-12 3.16+0.17 5.33+0.16 4.42+0.23 2.50+0.20 8.48+0.51  8.71+0.43

TP: total phenol contenDPPH ECsq: extract concentration providing a 50% inhibitidrsoavenging activityFRAP ECsq:
extract concentration needed to provide an absoebah0.5 of ferric reduction antioxidant powerg GAE/g: mg of gallic acid

equivalents per g of dry matter.
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Table 13. Percentages of the sum of squares obtained inrthlysas of variance by type of

plant material using population, year and year dyytation interaction as sources of variation.

df Total phenols df DPPH df FRAP
Plant material

Population 11 55.57«* 11 70.19 ** 11 58.77 ***
Year 1 0.85** 1 276 ** 1 6.62 ***
Year x Population 11 33.7¥* 11 18.88 *** 11 32.11 ***
Residual 192 9.87 48 8.18 120 2.50
By-product
Population 11 50.04*** 11 37.04 ** 11 48.03 ***
Year 1 0.80* 1 20.85 ** 1 35.28 ***
Year x Population 11 29.98* 11 31.28 *** 11 12.66 ***
Residual 192 19.21 48 10.83 120 4.02

** yalues significant at P< 0.01** values significant at P< 0.0Qlf: degrees of freedonDPPH: Radical scavenging activity.
FRAP: Ferric reducing antioxidant power.

Table 14. Coefficients of Pearson correlation among totatruits, free radical scavenging

activity and ferric reducing antioxidant power.

Plant
TP DPPH FRAP
TP -0.6592  -0.4652
g P<0.0005 P<0.0220
S DPPH| -0.4492 0.642
=1 P<0.0277 P<0.0007
@ FRAP - 0.727
P<0.0001

TP: total phenolsDPPH: free radical scavenging activitfyRAP: ferric reducing antioxidant powe?: statistical significance.
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Table 15.Phenolic compounds identified in by-product oflE®andula latifoliapopulations (results expressed in mg/100 g okedtyact).

Population code L,-2 -2 LL-3 k-4 LL-5 LL-6 LL-7 LL-8 LL-9 LL-10 LL-11 LL-12 Average Stdev Min Max
Apigenin 2009 3.25 3.18 3.43 3.14 3.6 3.10 3.41 3.30 3.29 340 595 357 3.49 0.68 3.10 5.59
2010 1.78 1.29 0.77 0.54 1.64 1.31 0.77 0.54 0.77 049 580 0.33 0.90 0.48 0.33 1.78
Luteolin 2009 494 491 459 5.55 439 456 4.70 5.29 6.04 6.70 0.261 6.26 5.68 1.62 439 10.26
2010 4.00 5.91 3.25 3.92 3.88 2.87 2.98 3.61 2.73 3.64 423 208 3.52 0.94 208 591
Rosmarinic acid 2009 180 200 119 193 255 215 304 158 223 170 134 119 189 56 119 304
2010 90 138 142 133 154 129 218 191 180 224 137 173 159 39 90 224
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Table 16.Stepwise regression analysis taking scavengingtgdDPPH) and Ferric Reduction
Antioxidant Power (FRAP) as dependent variables #ed polyphenol content of apigenin,

luteolin and rosmarinic acid as independent vagsbl

Step Variable Entered Partial R-SquareModel R-Square  F-value Pr>F
DPPH
1 Rosmarinic acid 0.5188 0.5188 23.72 <0.001
2 Apigenin 0.1166 0.6354 6.72 0.017
FRAP
1 Rosmarinic acid 0.4016 0.4016 14.77 0.0009
2 Apigenin 0.1772 0.5788 8.83 0.0073
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Contribution of the main polyphenols of Thymus mastichina subsp.

mastichina to its antioxidant properties.

Abstract

The antioxidant activity and phenol content of Bpglations ofThymus mastichingrown in
an experimental plot, was analysed by DPPH, FRAPFatin-Ciocalteu method to define their
antioxidant activity. Polyphenols were analysedHBLC-DAD and the relationship between
polyphenols and antioxidant capacity was estaldisf®pulations means for DPPH activity
ranges were 44-98 mg TE/g DW while FRAP antioxideaypacity was 52-115 mg TE/g DW.
Total phenol content ranged between 11 and 38 n@A&/g DW for the different populations.
The polyphenols identified were: chlorogenic act@ffeic acid, rosmarinic acid, luteolin
glucoside and luteolin. The main polyphenols wergemarinic acid, ranging from 1.7 to 43
mg/g DW, one unidentified polyphenol designateéPasak 3 (0.53-15 LE eq mg/g) and luteolin
glucoside ranging from 0.96-19 LE eq mg/g. Rosnmer@tid contributed mainly to the FRAP
antioxidant capacity and to the total phenols, slpeak 3 contributed mainly to the DPPH
assay. Luteolin, chlorogenic acid and caffeic d@ad a range of 0-2.7, 0.07-2.2, 0-0.46 mg/g
DW, respectively. The study showed high intra-papahs variability and above all high inter-
populations variability. The Carrocera populatioadhthe highest antioxidant activity and

amount of phenols and it could be selected faratgent.
Keywords

Spanish marjoram, DPPH, FRAP, total phenol contaitivated plants.
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6.1. Introduction

Thymus mastichind.. is an endemic species from the Iberian Penind&gdlonging to the
Lamiaceae family. It is divided into two subspeci€smastichinasubsp.mastichinaandT.
mastichinasubsp.donyanagMorales 2002). The first subspecies grows in nads$pain and
Portugal, whileT. mastichinasubsp.donyanaeis found only in the southwest of the Iberian
Peninsula. Spanish marjoram is a species rich seng®l oil and its main essential oil

compounds are 1,8-cineole and linalool (Salgueiad.e1997).

Since ancient times, this plant species has bemthasa food spice and currently has numerous
applications (Barros et al. 2010). In the fieldfobd, it is mainly used as an infusion or as a
dressing for olives; in the field of medicine, 8 antitussive and antiseptic properties, and in
the perfume and cosmetic industry, its essentias aised as an ingredient in perfumes, creams,
soaps etc. The biological activities of this spediave also been investigated recently showing
anti-inflammatory (Albano and Miguel 2011), angéircinogenic activity (Gordo et al. 2012)
and antifungal properties (Leal et al. 2013).

T. mastichinds also known for its antioxidant properties. xéstence of polyphenols such as
rosmarinic acid and luteolin was reported in tHanpspecies (Gordo et al. 2012) as well as in
other species from the gendhiymuqCosta et al. 2012). The analysis of the antioxida
activity of essential oils ifT. mastichinawith colorimetric methodologies has been widely
studied by several authors (Bentes et al. 200%dgaatt al. 2008; Miguel et al. 2007; Miguel et
al. 2005; Salgueiro et al. 1997) however, the aidant activity in plant extracts of.
mastichina has only been reported by Barret al (2010) when evaluating samples from
Braganca (Portugal) and by Albamd al (2011) on analysing samples from the Algarve
(Portugal).

The antioxidant variability among populations cogiinom different origins has not yet been
evaluated inT. mastichina.This might be because it is an endemic specieptedao the
Iberian Peninsula however its study is very impdrfar the growers. The high variability that
may exist among different origins of the same gsmecctan be a problem for the
commercialization of this plant species. Furthemnenvironmental and external factors play a
secondary role for the qualitative and quantitatiecumulation of secondary metabolites
(Horwath et al. 2008). Antioxidant variability mayccur by seasonal variation and is also
influenced by environmental factors such as weatbaditions or temperature (André et al.

2009; Skrzypczak-Pietraszek and Pietraszek 201Be @valuation of the variability in
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antioxidants under the same environmental factomgjng populations or individual plants
with high antioxidant activity is an important igsiwo standardize plant raw material for
production and to further optimize it by plant bofe.

This work aims to evaluate the variability in axidant activity and main polyphenols
composition ofT. mastichinafrom Spain. Fourteen populations were studiedrdeto find
specimens with high antioxidant levels and to kribes contribution of the phenolic profile to
the antioxidant properties of the species. The $ssngvere analysed using colorimetric
methodologies and HPLC-DAD analysis.

6.2. Materials and Methods

Plant Material

The samples of this study come from a field triamprising fourteen populations df.
mastichinalocated in the Instituto Tecnolégico Agrario des@i y Ledén (ITACyL) in
Valladolid (Spain).The populations came from several localities inispaable 17); they were
multiplied by vegetative reproduction establishthg assay in 2010 (Asensio S.Manzanera et
al. 2010). To avoid the influence of environmeraat external factors, all the samples were
placed in the same experimental field under theesamvironmental and weather conditions.

All the samples were collected at the beginninghef flowering phase during June and early
July 2012. The flowers and leaves of 7-10 individulants of each population were collected
separately and air dried at room temperature inakk doom and conserved under these

conditions until extraction.

Chemicals and solvents

Luteolin, caffeic acid, chlorogenic acid, rosmagiicid, 2,2 diphenyl 1 picrylhydrazyl radical
(DPPH) and 2,4,6-tripyridyl-s-triazine (TPTZ) wegryarchased from Sigma-Aldrich (Steinheim,
Germany). Folin-Ciocalteu reagent, methanol (psoglium acetate trihydrate, sodium nitrite,
and ferric chloride hexahydrate were obtained fiderck (Darmstadt, Germany). Trolox was
purchased from Fluka (Denmark, Germany). Sodiurbarsate anhydrous, sodium hydroxide,
hydrochloric acid, acetic acid, acetonitrile andLi@Rgrade methanol were obtained from Carl

Roth (Karlsruhe, Germany).
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Extraction

The extracts were prepared from 100 mg of dry flenand leaves of. mastichinahat were
previously ground. After an extraction in 16 mL tratol 50% for one hour at room
temperature in an ultrasonic bath, the samples filegeed using Pasteur pipettes covered with

cotton on their tip and stored in a cooling room°@) until analysis.

Free radical scavenging activity method (DPPH)

The free radical scavenging activity was measurgd OPPH radical, following the
methodology described by Lamien-Meelaal (2010). The extracts were diluted using 200

of the original extract and filled up to 5QQ with methanol 50%. 1QL of this dilution was
adjusted to 10QL of methanol and mixed with 1G0. of DPPH solution (0.015%). The
microplate was covered with parafilm, incubatediamkness for 30 min. and was then read at
490 nm with a microplate reader (BIO-RAD Tokyo, da)p The calibration curve was prepared
with six different concentrations of trolox (0-2i48mL) using the highest concentration as a
blank. Every result is a mean of a quadruplicatalyss and is expressed as mg of trolox

equivalent per gram of dry weight (mg TE/g DW).

Ferric reduction antioxidant power assay (FRAP)

The FRAP assay was carried out to evaluate thacggpof the extracts to reduce ferric ion
(Fe3+) to ferrous ion (Fe2+) and produce ferroisatidyltriazine. The colour of the samples
changes depending on the reducing power of eactacextFerric chloride hexahydrate
(FeCk6H,0) dissolved in methanol (6.26 mg in 10 mL of MeGity tripyridyltriazine (TPTZ)
(31.2mg of TPTZ in 10 mL of HCL 40 mM) were prepdrbefore analysis. 25 mL of acetic
acid buffer (pH=3.6) were mixed with 2.5 mL of TPTdlution and 2.5 mL of chloride
hexahydrate to form the working reagentiL1of the original extract was mixed with 18Q of
working reagent and 28 of H,O. Trolox was used as a standard to prepare tligratadn
curve with a total of eight different concentragof®-400ug/mL). 6ulL of trolox was mixed
with 180uL of working reagent and 18 of H,O. The blank was performed with 180 of
working reagent and 24 of H,O. The microplate was covered with parafilm andibated in
darkness for 5 min then read in the microplateeeé@IO-RAD Tokyo, Japan) at 595 nm. The

results are expressed in mg TE/g DW and are pregest means of quadruplicate analyses.
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Total phenol content

The Folin-Ciocalteu method to determine the totaitent of phenols was carried out according
to the methodology of Chizzokt al (2008). The original extract solution was dilu@@0uL

of the original extract mixed with 300 methanol 50%) and 10 of this dilution were used
for analysis mixing it with 22%L of H,O, 5uL of Folin-Ciocalteu reagent and 10 of
Na,CO; solution (35% in HO). A calibration curve with eight different cont¢eations (O-
23 ug/mL) of caffeic acid was performed using (dl0 of each concentration. A blank was
performed using 1L of methanol 50%. The microplate was covered wgtrafilm and
incubated in darkness for 30 min. Then the plate maasured at 750 nm with a microplate
reader model 450 (BIO-RAD Tokyo, Japan). Every ysialwas carried out in quadruplicate
and the results are expressed as mg of caffeic egidvalents per gram of dry weight
(mg CAE/ g DW).

High performance liquid chromatography analysis (HR.C-DAD)

The analyses of polyphenols of themastichinaextracts were carried out with a HPLC system
from Water Corporation (Mildford, MA). The systemasvequipped with a quaternary pump, an
auto-sampler (Waters 717) and a photo diode aretgctbr (DAD Detector Waters 996). The
column used was reverse phase symmetry C18 (4.&rh&0® mm, fum pore size) Luna 5u
(Phenomenex). The two mobile phases used were: cE¥c aacid/acetonitrile (85:15 v/v) as
solvent A and methanol as solvent B. The gradiduiom profile started with A-B (90:10).
Solvent B was gradually increased to 100% withow ftate of 1.5 mL/min at 30 min and kept
constant for 10 min. The identification of polyplénwas achieved by comparison of their
retention times and UV spectra with those of refeeestandards. Detection was performed at
330 nm for rosmarinic acid, chlorogenic acid, lliteand caffeic acid. Calibration curves were
made for each standard with the concentrationserdn@00ug/mL except for unknowns,

which were quantified in luteolin equivalent (mg/gEDW).

Statistics

Statistical analyses by analysis of variance (ANQWere carried out with SPSS 15 (SPSS
Inc., Chicago, IL) and the average values were @wet using Tukey B test at P<0.05.
Correlation between methods and compounds detestesi calculated through Pearson
correlation coefficients. A stepwise regression wase to build a predictive model using
colorimetric methods as dependent variables armtaipénic acid, caffeic acid, peak 3, luteolin

glucoside, rosmarinic acid and luteolin as indeieem variables.
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6.3. Results and Discussion

Antioxidant activity. DPPH and FRAP

DPPH and FRAP antioxidant capacities of the difieqgopulations studied are represented in
box-plot graphs in Figures 4A and 4B. Populationthvinigh DPPH free radical assay also
showed high FRAP antioxidant activity and vice weergith the exception of the Hontanar

population, which showed relatively high FRAP axiilant capacity (86 mg TE/g DW) and

medium-low DPPH activity (55 mg TE/g DW). Both metls showed a high significant

correlation of 0.755 (P<0.01) (Table 18).

The species showed very high variability among\mitial plants analysed with a range for
DPPH assay from 18 to 149 mg TE/g DW and a rang&RAP antioxidant capacity from 30
to 154 mg TE/g DW.

High inter-population variability was also foundh& average content of the populations with
the highest amount of antioxidants was twice ah higthe average of populations with a lower
content of antioxidants. Saldafia, Lerma and Caraoeere the populations with the highest
DPPH assay with mean values of 98, 88, 78 mg TBXj Despectively. These three
populations plus Hontanar and Ponferrada were thgulptions with the highest FRAP
antioxidant capacity: Lerma (115 mg TE/g DW), Cae@ (96 mg TE/g DW), Hontanar
(86 mg TE/g DW), Saldafia (83 mg TE/g DW) and Paafta (79 mg TE/g DW). On the other
hand Serranillos was the population with the lowedties for DPPH assay (44 mg TE/g DW)
and FRAP antioxidant capacity (52 mg TE/g DW).

As regards intra-population variability, Lezuza akidral de Calatrava showed the lowest
variability with similar values among the differeimdividual plants of the same population.
The range for Lezuza was from 21 to 69 mg TE/g @WCIPPH free radical assay and from 50
to 89 mg TE/g DW for FRAP antioxidant capacity. Rdoral de Calatrava, FRAP antioxidant
capacity varied from 58 to 104 mg TE/g DW and DR#aday from 37 to 72 mg TE/g DW. By
contrast, the Saldafia population showed high wditigbDPPH antioxidant content ranged
from 50 to 149 mg TE/gDW and FRAP antioxidant «iya ranged from 33 to
134 mg TE/g DW.

Some individual plants showed extremely high levaflS-RAP antioxidant capacity, as for

example a plant from Carrocera with 145 mg TE/g DW, plant from Hontanar
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(147 mg TE/g DW) and two plants from Lerma (154 d4@ mg TE/g DW). The two plants

from Lerma were also amongst the plants with tlyhést DPPH free radical assay (128 and
117 mg TE/g DW). Furthermore, in 4 plants from Sala very high DPPH values were
identified with 106, 110, 132 and 149 mg TE/g DW.deneral, all the specimens studied

presented medium to high antioxidant content.

On comparing these results with the results obthineChizzolaet al. (2008) using the same
methodology forT. vulgaris leaves, DPPH and FRAP content ® mastichina was

comparable to that of the leavesTofvulgaris

Total phenols

Total phenol results (mg of CAE/g DW) are shownFigure 4C. The total phenol content
shown by this plant species had high variabilitygiag from 6.8 to 56.4 mg CAE/g DW for all

the individual plants analysed.

On the population level, there was again high \rtg. The populations with a higher average
content of total phenols were Saldafia (37.7 mg QABN), Carrocera (32.7 mg CAE/g DW)
and Lerma (31.8 mg CAE/g DW) while the populatiomgh the lowest content of phenols
were Ponferrada (18.8 mg CAE/g DW), Villacastin .Bl&g CAE/g DW) and Lezuza
(21.2 mg CAE/g DW). In general, populations witthigh content of DPPH and FRAP also
showed high content of total phenols as for exaralelaiia, Carrocera and Lerma. However,
this behaviour did not occur in all populations athere were some exceptions such as
Serranillos and Ponferrada. While Serranillos stibtte lowest DPPH and FRAP antioxidant
capacity and a medium content of total phenols fétmada showed the lowest total phenols

content and medium values of DPPH and FRAP antioXidapacity.

With regard to the intra-population variability wovariability in total phenols, was shown by
Lezuza and Moral de Calatrava, the same populatioais showed the lowest variability in

DPPH and FRAP antioxidant capacity. The contemhanols for Lezuza ranged from 15.6 to
27.0 mg CAE/g DW and for Moral de Calatrava from4lfo 27.5 mg CAE/g DW. On the

other hand, the population Saldafia with a range ft@.7 to 56.4 mg CAE/g DW showed the
highest intra-population variability as well as PPH and FRAP.

The highest total phenol contents were obtainedwa plants from Saldafia (56.4 and
53.6 mg CAE/g DW, respectively), one plant from roar (46.5 mg CAE/g DW), one from
Tordesillas (44.7 mg CAE/g DW) and one from Carracé44.6 mg CAE/g DW). Three of
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these plants also presented one of the best DPBIFRAP antioxidant capacities. The lowest
content of phenols was found in a plant from V#lsiin (6.8 mg CAE/g DW), in one from
Ponferrada (9.13 mg CAE/g DW) and also in a plemnfRiaza (10.4 mg CAE/g DW).

It is not easy to compare these results directith whose obtained by other authors for the
following reasons: the antioxidant content is hyghifluenced by the type of solvent used
(Chizzola et al. 2008; Sanchez-Vioque et al. 201&yperature and number of extractions
(Barros et al. 2010), sonication (Pingret et all®0etc and also because sometimes the results
are expressed as gallic acid equivalent, troloXvedgnts or caffeic acid equivalents making
results not directly comparable. However, the caispa may offer a rough idea of the
potential of a particular species. Barreisal (2010) obtained values of total phenolsTin
mastichinainflorescences from 47.7 to 165.3 mg GAE/g DW dejieg on the extraction
method used. Phenol content was much higher thatnoththe populations studied probably
due to prolonged contact time between plant matand solvent and the double extraction
performed. Regarding other species from the g@&hymus Alizadehet al (2013) found a total
phenol content ranging from 18.8 to 19 (mg GAE/g D the aerial parts of . daenensis
subsp. daenensis Celak and Jabri-Karoui et al (2012) found values of
15.06+0.73 mg GAE/g DW in Tunisidah capitatus The total phenol content from Ponferrada
(18.83 mg CAE/g DW) and Villacastin (19.45 mg CAIEN/) was similar to these results.

The average content of total phenols of all thengslastudied (26.17+9.06 mg CAE/g DW) is
slightly lower than that obtained by Chizzath al (2008) inT. vulgaris leaves where the
average content varies from 23.1+6.4 to 51.7+1500AE/g DW depending on the extraction
method used. Jordaet al (2009) obtained a range of values that varieth wiatering levels
from 108.5+19.2 to 135.2+22.9 mg GAE/g DW in thetiflation residue ofT. zygis subsp
gracilis. This is a very high antioxidant content takintpiaccount that it was measured in the

by-product after the distillation process.

Total phenol content and DPPH antioxidant capamigsented a highly significant correlation
of 0.855 (P<0.01) (Table 18), thus indicating ttfe polyphenols presented Th mastichina

have a high concentration of phenol that act aexidants. Moreover, the correlation between
total phenol content and FRAP was considerably Bigbwing a great capacity of this plant

species to act as a reducing agent (correlationf=Rétal phenol content: 0.682 (P<0.01)).
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Phenols composition of the populations

The polyphenols detected and identified in Thanastichingpopulations were rosmarinic acid,
luteolin, chlorogenic acid, caffeic acid and lutedalucoside with a range of 1.7-43, 0-2.7, 0.07-
2.2, 0-0.46 mg/g DW and 0.96-19 mg LE/g DW, respebt. Another important compound
present inT. mastichinaHPLC-profiles could not be identified and is nanssipeak 3. The
range of variability of this compound was from GB3mg LE/g DW.

In general, rosmarinic acid was the main compoumthe samples studied as is usual in the
genusThymus(Adzet et al. 1988; Boros et al. 2010). Howeversome particular samples,
luteolin glucoside was higher than rosmarinic a&sdcan be observed in the chromatographic
profiles (Figure 5A and 5B). Peak 3 was also foumdarge amounts (Figure 4H) but never
higher than rosmarinic acid. In relation to the pl® in which rosmarinic acid is not the main
compound, Sanchez-Vioquet al (2013) measured residues ®f mastichinaobtaining a
chromatographic profile in which two compounds wdetdected with a higher area percentage
than rosmarinic acid (9%); these compounds wertatigrly identified as luteolin glucoside

(17%) and quercetin glucoside (21%).

Of the 128 individual plants analyzed, the gentreald of the species was a profile such as that
in Figure 5A (rosmarinic acid as main compound)g6%6 of the samples analysed presented this
profile. In Figure 5B (luteolin glucoside as maiompound), it occurred only in 11 individual
plants (8.6% of samples analysed) in the populat@fnRiaza, Saldafia and Villacastin. On the
other hand, some samples showed an intermediatatiein (14.8% of samples analysed) and
were characterized by individual plants with simitntents of rosmarinic acid and luteolin
glucoside as was the case of some samples ofilaeastin, Serranillos and Toro populations.
Thymuss a genus which hybridizes easily and producesithytbetween different sections (De
Feo et al. 2003). Polyphenol profiles were proverbé useful in detecting hybridizations in
Thymug(Horwath et al. 2008) and the differences obsearadng profiles in this study could be

due to hybridizations.

The variability of rosmarinic acid was very hightbb@mong populations and among plants in
the same population. Populations with the highesbumt of rosmarinic acid were Lerma,
Carrocera and Saldafia with average values of 2%n2322 mg/g DW, respectively. These
populations also showed the highest DPPH and FRABxidant capacity and very high total
phenol content. Individual plants with a very higbntent of rosmarinic acid were two from
Saldana (35 and 33 mg/g), one from Serranillosn{g8fgy), one from Carrocera (36 mg/g) and

two from Lerma (39 and 38 mg/g). With regard to lixeer content, one plant from Villacastin
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was the individual plant with the lowest amountr@$marinic acid (1.7 mg/g). This plant also
presented a low content of luteolin glucoside (ZE3eq mg/g ) and was the sample with the
lowest DPPH and FRAP antioxidant capacity and ¢ieekt content of phenols of all the plants
studied.

Luteolin glucoside also presented high inter-popatavariability. The populations with the
highest average value of this compound were thee sasrfor rosmarinic acid (Saldafia, Lerma
and Carrocera) with an average content of 12 mgLE/O mgLE/g and 9 mg LE/qg,
respectively. The variability range for all the bisad plants was from 1.0 LE eq mg/g to19
LE eq mg/g. The plants with the highest contenten@mplants from Saldafia with a content of
19 LE eq mg/g, 18 LE eq mg/g and 16 LE eq mg/gpeaetvely and one plant from Riaza with a
content of 18 LE eq mg/g.

Peak 3 was not the main compound in any of thevigdal plants. However, several individual
plants showed very high contents of this compoumainly in some individual plants of Saldafia
and Lerma where the contents ranged from 4.0 LEhgiy to 16 LE eq mg/g. The populations
with the highest amount of peak 3 were: Saldafiamnbe Carrocera and Lezuza with a mean
content of 7.6 LE eq mg/g, 6.7 LE eq mg/g, 4.8 lgivey/g and 4.7 LE eq mg/g , respectively.
Luteolin was detected in all the samples analysegm in one. Sanchez-Vioqet al. (2013)
also detected luteolin ii. mastichinawaste. The populations with the highest averageecd

of luteolin were Moral de Calatrava and Riaza wéthcontent of 1.9 mg/g and 1.7 mg/g,

respectively, and the population with the lowesrage content was Hontanar with 0.6 mg/g.

Chlorogenic acid was present in all individual péaanalysed, showing low content and low
variability. The average content of populations geoh from 0.07 mg/g to 2.2 mg/g. The
chlorogenic acid content &f. mastichinais for most of the samples higher than the content
reported inT. capitatug0.29 mg/g) by Jabri-Karowt al. (2012).

In most individual plants of the populations fromaga, Saldafia and Serranillos, caffeic acid
was either absent or detected in very small amoukuis the other populations, caffeic acid
amounts were not significantly different with a mealue in each population that varies from
0 to 0.54 mg/g. The content of caffeic acid (0.1@gh found inT. capitatusdried flowers by

Jabri-Karouiet al (2012) was similar to some of the individual p$aof T. mastichinaested.
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Contribution of the polyphenols to the antioxidantproperties of Thymus mastichina L.

Pearson linear coefficient among polyphenols andrametric methods.

Pearson linear correlation coefficients among npalyphenols and colorimetric methods are

given in Table 18.

All of these plants presented medium to high amdi@mxt capacity and medium to high phenol
content, but not all of the individual plants witie highest rosmarinic acid content are amongst
the samples that presented the highest valueshércadlorimetric methods. Peak 3, which in
some samples is present in large amounts, seems¢ase the antioxidant capacity and phenols
content ofT. mastichinasamples.

The correlation between rosmarinic acid and therocoktric methods was considerably high
with an r=0.78, (P<0.01) for FRAP antioxidant capae¢=0.77, (P<0.01) for DPPH antioxidant
capacity and r=0.76, (P<0.01) for total phenol eanh{Table 18).

The luteolin glucoside presented an important daticsn with the colorimetric methods

(Table 18) especially with DPPH antioxidant capadi®.78, P<0.01). Peak 3 had higher
correlation (Table 18) with DPPH antioxidant capa¢0.84, P<0.01) than rosmarinic acid and
also important correlations with total phenols 2).P<0.01) and FRAP antioxidant capacity
(0.63, P<0.01). As for luteolin, there was no clatien between the content of this compound

and colorimetric methods (Table 18).

Stepwise regression among polyphenols and colaticnaethods.

Stepwise regression analysis among polyphenolscatatimetric methodologies is shown in
Table 19.

The stepwise regression analysis showed that fétHD&ntioxidant capacity, the best predictor
was peak 3 which explains 70% (P<0.0001) of thal tadriability (Table 19), while rosmarinic
acid only explains 10.8% (P<0.0001). These two ammps with luteolin and the luteolin

glucoside explained in total 84% of the model.
Rosmarinic acid content is the best predictor oAPRintioxidant capacity with an R-square in

the stepwise regression of 60% (P<0.0001). Peakffic acid and luteolin also contributed to

the prediction of FRAP antioxidant capacity expiagnin total 68%.
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Rosmarinic acid is also the main compound contirigutio the total phenols and explaining 58%
(P<0.0001) in the model. Peak 3 also made an impbitontribution (11%, P<0.0001) and
together with luteolin glucoside these three conmaisuexplain 69% of the model.

The contribution of polyphenols to the antioxidgmbperties ofThymus mastichinararies
depending on the colorimetric method used. The rgémieend is that samples with high DPPH
activity also have high FRAP antioxidant capacitg &igh total phenols; however, this does not

always happen because there is great variabiligngnsamples and populations.

Peak 3 appears to contribute more to the capaxitapture free radicals than to the capacity to
act as a reducer of ferric to ferrous ion. For exlamthe population Hontanar showed high
FRAP antioxidant capacity and medium-low DPPH adsaying a relatively low content of

peak 3 (3.4 LE eq mg/g) and a medium content aghasiic acid (17 mg/g).

6.4. Conclusions

In conclusion, samples with higher antioxidant ciiyaalso had higher polyphenol content but
the different polyphenols contributed in a diffarevay. Some populations showed high intra-
population variability while others showed a simit@mposition among individual plants. The
populations from Saldafia, Lerma and Carrocera wergopulations with a higher amount of
polyphenols and antioxidant components in the sasngludied and they could be selected for
their higher content. Both compounds; rosmarinid and peak 3 are mainly responsible for the

antioxidant properties &fhymus mastichinh.
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Figure 4: Box-plot graphs of DPPH (A), FRAP (B), total ph&n¢C), rosmarinic acid (D), chlorogenic acid (Effeic acid (F), luteolin (G), peak 3 (H) and

luteolin glucoside (1) of th&hymus mastichinpopulations.
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Figure 5: Chromatogram of Saldafia 1-c (A) and Riaza 1-c {BYChlorogenic acid, 2: Caffeic acid,

3: Unknown 1 “peak 37, 4: Luteolin glucoside, 5:$Raarinic acid, 6: Luteolin at 330 nm.
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Table 17.Data of the origins of the analyz&dymus mastichinpopulations.

Number of
individual plants
Origin analyzed Coordinates Altitude
Almazan (Soria) 10 412826N  0023538W 933
Carrocera (Leén) 10 424942N  0115213wW1029
Casas de Lazaro (Albacete) 10 384423N  0021321Vv827
Hontanar (Toledo) 10 393052N  0043419W 848
Lerma (Burgos) 8 415838N  0032908W 945
Lezuza (Albacete) 9 385456N  0022308W1054
Moral de Calatrava (Ciudad Real) 10 385036N  0033356W 730
Ponferrada (Leén) 10 423407N  0064604W507
Riaza (Segovia) 8 411527N  0032805W 814
Saldafia (Palencia) 10 423158N  0044326W816
Serranillos (Avila) 9 402040N  0045415W 1190
Tordesillas (Valladolid) 7 412933N  0050054W 675
Toro (Zamora) 9 413122N  0052424W 704
Villacastin (Segovia) 8 404622N  0042253W1056
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Table 18: Pearson correlation coefficients between the =aididive test and the identified
polyphenols.

DPPH FRAP TP

FRAP 0.755** - -

TP 0.855** 0.682** -
Chlorogenic acid 0.532** 0.579** 0.570**
Caffeic acid 0.258** 0.412** 0.179*
Peak 3 0.835** 0.630** 0.722*
Luteolin glucoside  0.781** 0.549** 0.682**
Rosmarinic acid 0.770** 0.776** 0.759**
Luteolin 0.129 0.150 0.057

DPPH: Free Radical Scavenging Activity. FRAP: Rereducing antioxidant power. TP: Total phenolsSignificant correlation at
P<0.05. **; Significant correlation at P<0.01.
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Table 19: Stepwise regression analysis taking scavenginyitgc{DPPH), ferric reduction
antioxidant power (FRAP) and total phenols (TP)dapendent variables and the polyphenol

contents as independent variables.

Dependent variable Partial Model F-Valor
DPPH Compound R-Square R-Square  Pr>F
Peak 3 0.6976 0.6976 <.0001
Rosmarinic acid 0.1075 0.8051 <.0001
Luteolin 0.0253 0.8304 <.0001
Luteolin glucoside 0.0082 0.8386 0.0136
FRAP
Rosmarinic acid 0.6018 0.6018 <.0001
Peak 3 0.0385 0.6403 0.0004
Caffeic acid 0.0236 0.6639 0.0038
Luteolin 0.0203 0.6842 0.0058

Total phenols
Rosmarinic acid 0.5764 0.5764 <0001

Peak 3 0.1063 0.6828 <.0001
Luteolin glucoside 0.0107 0.6935 0.0394
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Chapter 5
Polyphenols variability of Salvia lavandulifolia populations from

Spain

I. Méndez-Tovar, J. Novak, S. Sponza & M.C. AsefBidvlanzanera.



Polyphenol variability of Salvia lavandulifolia VVahl. Spanish populations

Abstract

This study analyses the polyphenol profile of 8thgkes belonging to 7 Spanish populations of
Salvia lavandulifoliaharvested from a plot assay. Samples were stutliedigh reverse phase
HPLC-DAD with the aim to evaluate inter and intrapplation variability of the polyphenols
profile and the antioxidant potential. Rosmariniida(6-43 mg/g DW) and luteolin-7-O-glucoside
(0-36 mg/g DW) were found as main compounds. Clglenic acid (0.08-1.7 mg/g), caffeic acid
(0.11-1.2 mg/qg), apigenin-7-O-glucoside (0.08-2@gDW), luteolin (0-0.92 mg/g DW), apigenin
derivative (0-5.5 mg/g DW), betulinic acid (0-3.5nRAE/g DW) and carnosic acid (0-0.7 mg
RAE/g DW) were also identified. A canonical discmation function was done to classify the
populations attending to their polyphenolic proffenilarities and differences, showing that all
populations presented characteristic phenolic le®filnter-population variability was always
higher than the variability within the populatioasd some compounds are characteristic of each
population and then related with the geographicgiim Phenolic content and antioxidant activity
were analysed through Folin-Ciocalteu, radical seoging content (DPPH) and ferric reducing
antioxidant power (FRAP) methodologies. Morataltlawsed the lowest antioxidant properties and
the lowest rosmatinic acid content while La SewtuSio population was highlighted by highest

antioxidant properties.

Keywords

Spanish sag&alvia lavandulifolia antioxidant variability, polyphenols profile.
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5.1. Introduction

Salvia lavandulifoliavahl., a perennial shrub belonging to themiaceadamily, is growing in the
west Mediterranean area and distributed mainlypiairsand south-west of France. It is also known
as Spanish sage. It has woody stems at the baseattes a height of 20 to 65 cm. It has simple
and petiolate leaves and the corolla is frequepitik, blue or violet (Sdez 2010). It is a species
mainly used as tee, food flavouring and for esaéntl production. Spanish sage plant extracts are
interesting because of its polyphenolic and antiawt content (Lu and Foo 2002) and, unlike to the
numerous studies on essential oils about this epdEierraiz-Penalver et al. 2010; Porres-Martinez
et al. 2013; Usano-Alemany et al. 2014a; Usano-Aleyret al. 2014b), there is only little and old
bibliography about the polyphenolic variability 8panish sage (Canigueral et al. 1986, 1989).

S. officinalis intake is widely extended throughout the worldcsimancient times because its
numerous medicinal properties based on their actigeedients, thus because of its secondary
metabolites content. It is the most used specieth®fgenera; however, the existence of high
amount of thujones i8. officinalismakes the consumption of this species less hetidthry Spanish
sage intake due to the thujone toxicity (Pelkoneal.e2013). S. lavandulifoliais characterized by
the absence or by very low contentsxagndg-thujone (Guillén et al. 1996; Herraiz-Penalverlet
2010; Mathe et al. 2006; Perry et al. 2003).

Rosmarinic acid is the main and most important acaump found in ofS. officinalisand the interest
on this compound is based on its antioxidant, afilknmatory, astringent, antibacterial and
antiviral properties (Petersen et al. 2013). Otifathe most important compound in relation with
the antioxidant properties &. officinalisis carnosic acid (Okamura et al. 1994; Frankel.et996)
and although is found in lower amounts than othayghenols, a strong antioxidant power is
reported for this compound (Baskan et al. 2007;m@ka et al. 1994).

The existence of rosmarinic acid $ lavandulifoliahas been also reported by Caiiigueral et al.
(1989), however as far as we know the presencarmiosic acid in Spanish sage has never been

reported.

The chemotaxonomical studies allow using differeacand similarities in the biochemical
compositions of plant species to classify and ifletitem. The study of the polyphenolic profile is
a tool that also allow to distinguish species (Hattwet al. 2008) being an extraordinary tool for
establishing traceability in plant material (Sirsgwand Ruberto 2014) and offering information that

cannot be appreciate with the data of plant moagahol Therefore, polyphenolic profile could be
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used as a measure of variability among populatimsindividuals. Since the overall objective of
the study is to select high quality Spanish sageispens in relation to its antioxidant activityeth

study of variability of this species could be us$ébu population and individual selection.

With the aim of characterizing the populationsdgtang the polyphenolic variability and knowing
their potential as antioxidant, the polyphenoliofipe, the total phenol content, radical scavenging
activity and ferric reducing antioxidation power r@emeasured in seven populations Sf
lavandulifolia The rosmarinic acid quantification and the sedorhcanosic acid acid in Spanish
sage, might be useful to check if Spanish sageuropson could be and alternative $o officinalis

intake.

5.2. Materials and Methods

Plant Material

A total of 86 samples 0§. lavandulifoliaindividual plants coming from 7 populations, were
previously collected from the wild in different klities of Spain (Table 20The samples were
multiplied by vegetative reproduction and placediamculture in a plot assay located on the
property of Zamaduefias in the Instituto Tecnolégikgrario de Castilla y Lebén (ITACyL),
Valladolid (Spain).For every population, between 6 and 19 samples frmhividual plants were
collected during the summer of 2011 in full flowekll the samples were air-dried at room
temperature and kept from light. Flowers and leavese separated from the stems and used for
further analysis. Voucher specimens of each pojomasre deposited in the herbarium of the
botanic area (PALAB) in the Yutera Campus , Uniitgrsf Valladolid.

Extractions

Each sample was extracted with 100 mg of grounddte and leaves @&. lavandulifoliawith 16
mL of MeOH:H,0O (1:1) for an hour in an ultrasound bath at roemgerature and subsequently
filtered for analysis.

High Performance Liquid Chromatography Analysis

Polyphenols fronS. lavandulifoliawere analysed through HPLC system from Water Cautjmor

(Mildford, MA). The system was equipped with a Wat&17 plus autosampler, a Waters 616

guaternary pump and a Waters 996 Photodiode Aredgddor. The column used was reverse phase
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symmetry Luna C18 (4.6 mm x 150 mnynd pore size). For the mobile phases the eluent & wa
composed by 1% acetic acid/acetonitrile (85:15 aw solvent B by pure methanol HPLC grade.
The gradient of elution started with A-B (90:10pN&nt B was gradually increased to 100% with a
flow rate of 1.5 mL/min at 30 min and kept constdmt 10 min more. Identification of the
polyphenol compounds was achieved by comparing tie&ntion time values and U spectra
with those of the reference standards. Detectios pexformed at 330 nm for chlorogenic acid,
caffeic acid, luteolin-7-O-glucoside, apigenin-7glxcoside, rosmarinic acid, apigenin drivative,
luteolin and apigenin; and 280 nm were used foullmt acid and carnosic acid. Standard curves
were made from each standard at the concentratiohd 00ug/mL. Apigenin derivative, betulinic
acid, carnosic acid and non-identified compoundsewgiantified as rosmarinic acid equivalent
(mg RAE/g DW).

Total Phenolics

Colorimetric methods were done following the metblody described by Lamien-Meda et
al. (2010). To determine the total content of plentOOuL of each extracted sample were diluted
with 300uL of MeOH:H,O (1:1). 10uL of this dilution was used for analysis and mix&ih
225uL of H,O, 5uL of Folin-Ciocalteu reagent (Merck, Darmstadt, @any) and 1@L of
N&CO; solution (26% w/w) in a 96-well microplates (Therr&eientific, Vienna, Austria). A
calibration curve with several caffeic acid (Sigmarich, Steinheim, Germany) concentrations
was done and 10L of each concentration was mixed withh@® Folin-Ciocalteu reagent and
sodium carbonate solution (Carl Roth, Karlsruhesn@gy) under the same procedure followed for
the samples. A blank was done usingqulLOf MeOH:H,O (1:1). The microplate was covered with
parafilm and incubated in the dark for 30 minutaed aubsequently measured at 750 nm with a
microplate reader model 450 (BIO-RAD Tokyo, JapaByery analysis was carried out in
guadruplicate and the results are expressed ag oajfeic acid equivalents per gram of dry weight
(mg CAE/g DW).

Radical Scavenging Activity (DPPH)

100uL of the original extract were diluted with 30Q of MeOH:H,O (1:1), then 1QL of every
dilution were mixed with 10QL methanol and 100L of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
solution (0.015%). The microplate was covered \p#hafilm and incubated in the dark for 30 min.
The microplate was measured at 490 nm with a BI@RWicroplate reader. The calibration curve
was prepared with six different concentrations abldx, using a higher concentration of it as a
blank. Every result is a mean of a quadruplicatalysms and is expressed as mg of Trolox

equivalent per gram of dry weight (mg TE/g DW).
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Ferric reducing antioxidant power (FRAP)

25 ml of acetic acid buffer (pH 3.6), 2.5 ml of B4ripyridyl-s-triazine (TPTZ) solution (0.0312 g
of TPTZ in 10 ml HCL 40 mM) and 2.5 ml of Fe6H,O (0.054 g in 10 ml KD) were mixed to

prepare the working reagent solution.

1 uL of the original extract was used for the analysisl mixed with 18@L of working reagent
solution and with 23L of H,O. Trolox (6.26 mg in 10 ml MeOH) was used as andad to
prepare the calibration curve with eight differenhcentrations. GL of every concentration were
mixed with 180uL of working reagent and 48 of H,O. Also a blank was performed with 18D

of working reagent and 24 of H,O. The microplate was covered with parafilm andubated in
the dark during 5 min. The samples were measurgtidrnmicroplate reader with a wavelength
of 595 nm. The results are expressed in mg of Xr&lguivalent per gram of Dry Weight (mg TE/g

DW) and are presented as means of quadruplicatgsasa

Statistics

An analysis of variance (ANOVA) was carried outlwBPSS 19 (IBM Inc., Chicago, IL) and the
average values were compared using Tukey B teBk@t05. Canonical discrimination function
was done for all the detected compounds with thretaifind the differences and similarities among
populations, to classify them and to study theriptepulation variability. Coefficients of variation

were calculated for every compound detected in paghilation to study the intra-variability of the

compounds within the populations.

5.3. Results and Discussion

Polyphenolic compounds

The polyphenols ranges for the identified compouwrfdte studied populations are shown in Table
21. The main polyphenols (compounds c and e inrEig) were rosmarinic acid, present in all the
samples and ranging from 6 to 43 mg/g DW, and litebO-glucoside, ranging from 0 to 36 mg/g

DW and present in almost all the samples in higlowts (66% of the samples presented more
than 10 mg/g DW), however, it was absent in soneeispens from La Sentiu de Sié and Tendilla

populations.
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On comparing the results with the existing bibleygny aboutS. lavandulifolia polyphenols,
Cariigueral et al. (1986; 1989) identified in meiblec extracts of Spanish sage rosmarinic acid
and luteolin-7-O-glucoside as main compounds, figdalso apigenin and luteolin. However
nepetin, 3-O8-glucosil-quercitina, 4°-O-diglucuronil-luteolin dn 7-O-(6-O-L-ramnosip-D-

glucosil)-luteolin identified by Cafigueral et alere not measured in the present study.

Rosmarinic acid and luteolin-7-O-glucoside wer@dhe main compounds f&. officinalisspecies
with a similar variability ranges for both compogndlamien-Meda et al. (2010) found a variation
of rosmarinic acid from 6 to 47 mg/g DW in the aioes analysed in 2007 and a range from 5 to
25 mg/g DW for the accesions analysed in 2008. Znmmann et al. (2011) showed a variability
range for rosmarinic acid from 1.2 to 30 mg/g DWW @nrange for luteolin-7-O-glucoside from 3.8
to 17 mg/g DW in water extractions. Kontogiani bt(2013) obtained a content of rosmarinic acid
of 10 mg/g DW and Cvetkovikj et al. (2013) foundaiability of rosmarinic from 0.9 to 22 mg/g
DW. Grzegorczyk et al. (2007), found contents agmnarinic acid irS. officinalisranging from
7.23 t0 30.9 mg/g DW.

Kostic et al. (2015) found contents of rosmarineedafor S. verbenacaanging from 1.32 to 94

mg/g DW depending on the kind of extract done aradtis et al. (2015) found content a little bit
higher than the content found by other authorsSoofficinalis,ranging from 73.9 to 93.4 mg/g
DW and conversely it is worth to highlight the lavamount of rosmarinic acid found by gg&an et

al. (2007) in comparison with the other authorgnag from 2.50 to 4.01 mg/g.

Caffeic acid and chlorogenic acid were presentllitha 86 analysed samples and the variability
ranges were from 0.08 mg/g DW to 1.70 mg/g DW aminf0.11 mg/g DW to 1.22 mg/g DW,

respectively.

The content o caffeic acid found by Dincer et @D12) inS. fruticosawere similar than those
found in the present study f&. lavandulifoliaranging form 1.58 to 2.04 mg/g DW. However, the
content of chlorogenic acid quantified by Dincerkt(2012) was a little bit lower than that found
for S. lavandulifoliaranging forS. futicosérom 0.042 t®.149 mg/g DW.

The Tendilla population had no apigenin, on theeotiand, the compounds luteolin and apigenin
were detected in almost all other samples, butyahiralittle amounts, with a variability range from
0-0.92 mg/g DW and 0-0.83 mg/g DW for luteolin aaqgenin, respectively. Further compounds
identified were apigenin-7-O-glucoside (0.11-3.09/gnDW) and apigenin derivative (0-10.33
mg/g DW) as well as the diterpenoids carnosic &i8.55 mg RAE/g DW) and betulinic acid (0-
0.71 mg/g DW). The apigenin content found by Dineeal. (2012) irfS. fruticosaranged from
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0.54 to 0.76 mg/g DW being similar than those fofmdS. lavandulifoliawhile the contents of
luteolin were a little bit higher fd8. fruticosaranging from 0.90 to 1.15 mg/g DW.

The diterpene carnosic acid which is considerednancon compound fdb. officinalis (Cvetkovikj

et al. 2013; Kontogianni et al. 2013; Lamien-Medaak 2010; Zimmermann et al. 2011), was
present irS. lavandulifoliain the whole population of la Sentiu de Si6 (0.3-thg RAE/g DW), in
some samples of Tuixent, Guixers and in Tendillpybation in little amounts (0-0.2 mg RAE/g
DW) and it was absent in all other samples. Thaasic acid content found i8. officinalisby
other authors is higher than those foundSolavadulifolia For example, the content of carnosic
acid found by Bgkan et al. (2007) ranged from 2.99 to 7.16 mg/g @nzkgorczyk et al. (2007),
found a range from 0 to 8.68 mg/g DW. Lamien-Metale(2010) found a range content of 0.5 to
4.3 mg/g DW.

Of the non-identified compounds, the most abundaith average values for all the populations
higher than 0.5 mg RAE/g DW, were peak 11, randiog 0 to 7.26 mg RAE/g DW and present
in La Sentiu de Si6 population. Peak 20 ranginghffbto 1.65 mg RAE/g DW present in almost all
the samples in similar amounts and peak 23 ranfgorg O to 2.88 mg RAE/g DW with contents
higher than 1 mg RAE/g DW in almost all the sampmlésa Sentiu de Sio, Tuixent and Guixers

populations.

Chemical variability of the populations

Figure 7 shows function 1 and 2 of a canonicalrdigoation analysis using all the compounds
detected in the populations. The three first fuordi explain 83.4% of the variance. The first
function explains 54.9% of the variance and thetndiscriminate standardized coefficient were
found for the variables peak 8, peak 27, peak 82pmak 34. The second function explains 15.7%
of the variability being the most discriminant campds peak 14, peak 25, peak 32 and peak 34.

Function 3 explains 12.9% of the variance and tbetrdifferentiating variable was peak 7.

It can be appreciated that the different samplegvafry population appeared in a close area,
indicating that differences among populations dggdr than differences among samples of the
same population. La Sentiu de Sié and Letur seermetdhe most different populations while
Guixers and Tuixent are the most similar and latatea close area. As shows Table 20, Guixers
and Tuixent were originally populations growingdioser localities with a similar altitude in the
origin (Table 20).
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Some other differences among populations can beredéd. For example Letur is characterized by
the peak 8 which is a compound only present ingbsulation in high contents (2.2-6.6 mg RAE/g
DW). On the other hand, Moratalla is characteriagdhe lower amount of rosmarinic acid with a
mean content of 11+3.92 mg/g DW and a high comémtpigenin-7-O-glucoside with an average
value of 1.3+£1.0 mg/g DW. Peak 32 and 34 were gmisent in Moratalla population, ranging
from 0.1 to 2.8 mg RAE/g DW and to 0.1 to 1 mg RAEWV, respectively. La Sentiu de Si6 was
characterized by a high content of rosmarinic 42il1+4.88 mg/g DW), the highest content of
peak 11 (2.5+2.08 mg RAE/g DW) and the highesteandf peak 23 with 2.0+0.5 mg RAE/g DW.
Tuixent stand out by the highest rosmarinic acidteot (30.0+8.07 mg/g DW) and the lowest
amount of apigenin-7-O-glucoside (0.3+0.1 mg/g DW@Ad Guixers is characterized by the highest
amount of luteolin-7-O-glucoside (with a mean vatfe8.9+0.95 mg/g DW) and clorogenic acid
(1.1+0.3 mg/g DW). Compound 7 was characteristiGoixers and was present in all the samples
of this population (0.6-1.5 mg RAE/g DW). Guixerasvalso characterized by the highest amount
of peak 20 (1.0+£0.2 mg RAE/g DW). Tendilla was ctaerized by the compound 14 which was
present only in this population in high amountsi¢iag from 1.6 to 4.1 mg RAE/g DW) and in one
sample of La Sentiu de Si6 (0.1 mg RAE/g DW). T#adwvas also characterized by the highest
amount of the peak 5 (0.81+0.14 mg RAE/g DW). Tdumpound only appeared in Tendilla and in
Tuixent population (0.3+0.17 mg RAE/g DW).

The highest variability was found for minoritary ngpounds in all the populations except for
Tuixent and Tendilla which presented the highesaiwariability for compounds with relatively
high concentrations. The coefficients of variatiwere calculated for each compound in every
population to analyse the intra-population varigpi(Table 21). The compounds with higher
variation for Aliaguilla population were peak 1,abe26 and peak 30. For Letur population peak 4
and peak 20 were the most variable. For Morataflakp4 and peak 35 presented the highest
variability. Peak 1 was the most variable for Gusxd=or Tuixent population peak 10, peak 15,
peak 18 and carnosic acid presented the highdsibildy. In La Sentiu de Si6 population peak 15
and luteolin were the most variable compounds and éndilla peak 2 and luteolin presented the

highest rate of variation.

The lower intra-variability in comparison with tier-population variability and the existence of
compounds which are characteristic of every pomratiemonstrated that some polyphenols are
related to the genotype of the population; theeeftine phenolic profile o8 lavandulifolia also

provides information on their geographical origin.
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Antioxidant potential of the populations

With regard to total phenols, the results varierirl6 mg CAE/g DW to 50 mg CAE/g DW (Table
23). Moratalla showed values significantly lowex@5) than the other populations with a mean
value of 23+6.8 mg CAE/g DW. For the other populasi there were no significant differences
(P<0.05), values ranged from 32 to 39 mg CAE/g Did &etur was the population with the
highest content of total phenols 39+4.1 mg CAE/g DWowed by La Sentiu de Si6é 37+7.9
mg CAE/g DW.

Scavenging activity range for the analysed sampigs from 31 mg TE/g DW to 165 mg TE/g
DW. DPPH value for Moratalla population was sigrafitly lower (p<0.05) than for the other
populations with a mean value of 62+22 mg TE/g DWe other populations ranged from 88 to
117 mg TE/g DW and La Sentiu de Si6 was the pojauatith the highest value (117+28 mg TE/g
DW).

For FRAP analysis, the samples ranged from 25 mfiy TBV to 106 mg TE/g DW and also
Moratalla was significantly lower (p<0.05) than tb#er populations (38+12 mg TE/g DW). La
Sentiu de Si6 presented the highest value (76x20'eig DW) while the other five populations
ranged from 46 to 69 mg TE/g DW.

Moratalla was the population with the lower antdaat capacity. Despite being a population with
important intra-variability, the maximum values dot reach the levels achieved by other samples
from other populations. The remaining populatiores rzot significantly different; this may be due
to the considerable high intra-variability founda@rg the samples analyzed from each population,

making it possible to select high quality indivitkian each population.

Comparing these results with other authors, LarMeda et al. (2010), following the same
methodology, found fo8. officinalis similar variability range for DPPH analysis (622181g TE/g
DW), however FRAP analysis and total phenols shoavéibgher potential fo& officinalis with a
range for FRAP analysis from 76 mg TE/g DW to 246 Tic/g DW. Chizzola et al. (2008) also
used the same methodology fidrymus vulgari§inding lower values for DPPH analysis (18-88 mg
TE/g DW) and similar values for FRAP (18-91 mg THHW) and total phenols (15-81
CAE/g DW).
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Relation among polyphenaolic compounds and colorimetric methodologies

Table 24 summarizes the correlations between coédric methodologies and peaks. Only the
peaks which presented a positive or negative @iroal are included. The total sum of polyphenols
is highly correlated with the colorimetric methoogles, indicating that fof. lavandulifolia a

higher sum of polyphenols means a higher antioxidativity.

The most powerful positive correlation was found fosmarinic acid, carnosic acid and apigenin
derivative. Although polyphenolic compounds arewndy their antioxidant potential (Romanova
et al. 2000). They can produce synergism and anisigoamong compounds. Wang et al. (2013)
for example, found antagonism and synergism amaoigxadant capacities from fruits, legumes
and vegetables when they were mixed and Freemah @010) demonstrated the synergism and
antagonism effect for several polyphenolic compauiichlorogenic acid, hesperidin, luteolin,
myricetin, naringenin, p-coumaric acid, and quendeby measuring the antioxidant activity of

different mixtures.

Moratalla was the populations with the lowest aqitlant potential. This is likely because is the
population with the lowest amount of rosmarinicdai1+3.92 mg/g DW) and the only population
which presented the compounds 32 (1+0.77 mg RABAY and 34 (0.3+0.25 mg RAE/g DW).
Both compounds seem to act as oxidative compouritisancorrelation of -0.476**, -0.400**, -
0.463** for compound 32 and a correlation of -0.8040.431** and -0.489** for compound 34
for DPPH, FRAP and TP, respectively (Table 24).

On the other hand, the population La Sentiu dev&iich stands out by their antioxidant potential
was the population with the highest amount of csimacid. As the correlations showed (0.472**,
0.478**, 0.322** for DPPH, FRAP and TP, respectigeand as it is supported by other authors
(Baskan et al. 2007; Okamura et al. 1994), thiségempound with a strong antioxidant power. The
population of La Sentiu de Sié is also characteriag the highest amounts of peak 11, 12, 21 and
23 and all these four compounds presented a pesitiorrelation with the colorimetric

methodologies.

5.4. Conclusions

The phytochemical study of seven populations of nijba sage has demonstrated that their
polyphenolic profiles are related with the geogiephorigin of plant populations. The population

of Moratalla is an option to discard, due to itsvéw antioxidant and romarinic acid contents,
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significantly lower than the other populations. ttme other populations there is considerable
variability range so that the selection of high lgyandividuals is possible in each population,
highlighting La Sentiu de Si6é which was the popolatwith the highest antioxidant properties
presenting high contents of rosmarinic acid andsomrable presence of carnosic acid. The

population of Letur is also highlited by a high ambof phenols.
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Table 20 Data of the origins of thBalvia lavandulifoligpopulations.

Locality Province Plants per population Original cordinates Original altitude

Aliaguilla Cuenca 6 394446N  0012110W 1090

Guixers Lérida 18 420903N  0014155E 1388

La Sentiu de Si6 Lérida 19 414824N  0005247E 248

Letur Albacete 8 381427N  0021012wW 1185

Moratalla Murcia 12 381135N  0021122W 1165
Tendilla Guadalajara 6 403231N  0025703W 858

Tuixent Lérida 17 421437N 0013151E 1031
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Table 21: Amounts of detected compounds in the 7 populatdi@alvia lavandulifolia

Aliaguilla Letur Moratalla Guixers Tuixent La Sentiu de Si6 Tendilla
UV max RT [ &

min max av std Cv| min  max av Std Cvl min  max av std Cv | min  max av std Cv| min max av std C min  max av td Cv | min max av std Cv
a 330.3 2433002 15 omc 05 07|/ 05 13 o0& 03 03] 01 06 04 02 04/ 06 17 11d 03 03] 02 14 o086 04 06| 00 08 o0& 02 05 06 15 16d 03 03
1 330.3 3.0 [330f . - . - - - - - - -] - - - - - - 2 o0& 06 1|02 23 08 05 07/ - 02 a 01 -|o01 02 02 01 05
b 330.3 36[330| 02 08 0%c 03 06| 00 05 o0a8 01 04 01 04 o0a 01 0503 12 O0& 03 04 02 11 06 02 04/ 01 04 o0a 01 04 01 03 0a 01 04
2 | 256.8,349.4| 40 |330( . - . - - - - - - -] - 1 0k 03 28] - - - - - - - t - - - - - - - 1 02 04 2
3| 2828,3447| 48330 - 02 01 01 08 01 04 o0Bc 01 05 - 03 o0k 01 06/02 05 0% 01 02| - 05 08 02 05 - 03 0&a 01 09| - - - - -
4| 2733,3447)1 65330 - 03 o0l1ab 01 1| - 03 om 01 13/ - 04 O0amb 01 14 - 02 tab 01 -| - 02 o0mb 01 09 - 07 0B 02 1| - - - S
5| 273.3,3327| 69 | 330| - 01 ta 01 - - - ta - - - - - - - - - - - < 01 07 m3 02 06/ - 01 8 - -los 1 0.& 01 01
6| 268.6,347.11 71330 . 03 o01a 01 1| 04 08 06 02 03] 03 14 0B 03 04| - - - - - - - - - -]o2 17 o8& 04 05 - 01 a 01 -
7 256,347 | 751330| - 06 020 03 13| - - . - - - - - - -] o6 15 10 03 03] - - - -] - . - - -] - o1 a - -
c | 256.8,3494| 76 |330| 65 13 95 26 03| 69 19 9@ 42 04| 27 15 98 38 04| 24 36 27% 29 01| 11 22 148 66 04 O 23 104 79 08 O 19 104 62 06
8 | 282.8,3399| 91 |330( . - . - -]26 66 58 14 03| - : - - - - - - - - - - - R - - - - - - S
9| 268.6,3399| 92330 . 05 03 02 07 - - - - - - - - - - 02 07 o 01 03/ 00 04 o0a 01 04 - 04 02 01 07 - 48 09 19 21
d | 2733,3303| 96 [330] 02 1.6 O0@bc 05 06| 03 11 0@ 03 04 04 31 18 1 07/03 06 04 01 02/ 010 06 08 01 04/ 03 09 o0& 02 03] 08 12 1Bc 02 02
e | 245.0,3303|100]330| 9 17 134ab 29 02| 10 20 15abc 3 02| 6 18 1h 39 04| 17 26 21.x 24 01| 16 43 3d 81 03] 13 29 21¢ 49 02| 13 21 174c 35 0.2
10 271,328 | 105|330 - - - - - - - - - - 12 o0& 05 09/ - 05 ta 01 - - 25 o0& 09 15 - 12 04 04 1| - 06 0& 02 07
f | 2686,337.51110[330] 01 12 o0& 04 06/ 02 08 o0& 02 04/ 03 23 o0& 07 0802 05 03 01 02f 00 04 o0a 01 05 02 07 O0& 01 02/ 06 09 08 01 02
11| 268.6,3351] 113|330 . - - - - - - - - - - 22 o@ 08 0801 09 0m 02 05 - 23 02 06 28 - 73 285 21 08| - - - - -
12 280.4 12630 - 02 01a 01 1| - 02 o0m 01 1| - 01 =& - - - 03 ta 01 - - 01 & - - - 02 01 01 09] - 06 0& 02 2
13| 268.6,3423] 130330 . o1 ta - - - 01 ta - - - - - - - - 01 @ 01 - - 05 0a 02 08 - 12 o0& 04 09| - - - 0o -

245, 268.6, 330

14| 3423 13.1 - - - - - - - . - - - - - - - - - - - - 02 ta - - | - 41 18 18 11
15| 271,328 |133(330f 01 12 o0om 04 05 02 12 0B 03 05 02 12 0B 03 0503 05 O04b 01 02f - 04 o0a o01 13 - 06 02 03 13 - 22 08& 1 13
16 280.4 142|330 . 01 tab 01 -| - 01 ) o -1 - - - - -] - 01 =& o0 -| - 01 @ - -] - 03 o01m 01 11f - 1 0> 04 2
17 271 147|330 . o1 ta - -] - 02 ta 01 -| - - . - -] - . - - -] - . - - - - - - - - - . - -
g | 256.8,3494| 149330 - 02 01a 01 09| 01 03 o0a 01 07/ 01 09 0B 02 0801 03 0z 01 03 0 02 o0& 01 08 O 06 0a 01 14 01 02 0a&a 01 06
18 292.3 16030 - 03 o01a 01 13/ - 02 o0a 01 09] - 01 & 01 -| - 02 o0m 01 07/ - 04 O0m 01 14] - - - - -] - 03 o0a o01 1
19 278.1 16.833%0| 01 07 o03a 03 o - 03 @ o1 08 - 03 0a 01 1| 02 08 o0#c 02 05| 01 2 oz 05 07/ - o1 ta - < - 02 oa 01 1
h | 268.6,33511174|330| ¢t o02 ow o1 07/ - 02 o0a 01 08 - 08 08 02 07001 02 0b 0 02 - 02 0w 01 08 - 02 o0a 01 07| - - - -
20| 282.8,3327| 193|330 03 12 o0&c 04 05| - 1 o0& 04 12| 02 17 0Bc 04 0506 15 10 02 02| 03 08 04 02 04 03 15 o0ac 03 04| 03 06 04 02 05
21| 282.8,332.7] 197|330 . - - - - - 02 ta 01 - - - - - - - - - - - - - - - - - 11 o 03 04f - - - - -
22| 278,330 213|330 . o1 ta - -] - o012 ta - -] - o2 o0a o1 09| - - - o -| - o1 @ - -] - 02 ta 01 -| - - - - -
23| 278.1,3327| 226|330 . 23 o07ab 08 12 - 05 04 02 05 - 12 0ab 03 0509 19 13 03 02| 05 19 1bc 04 04| 14 29 26 05 03| 04 08 o0& 02 03
24| 278.1,3327| 228|330 . 04 01a 02 19/ - 02 0a 01 07| - : - - - - - - . - - N - - e - S
25| 247.3,2923| 231|330 . - . - - - - - - -] - - - - - - - : - - - - - - - @ 03 02 01 04 - 04 02 01 05
26| 247.3,2923]| 236|330 . 09 03 03 11| 01 03 0a 01 03] - - - - - - - - - - - - - - - - - - - - - - - -
27| 254.4,2947| 238|330 . 06 01a 03 25 01 06 0B 01 04| - : - - - - - - - - - - - - - - - e - S
28| 249.7,292.3| 249 330| . - - - - - 02 ta 01 - - - - - - - - - - - - - - - - - - - - - - B 01b 01 1
29| 209.7,451.41 263|280l 01 02 o0x O 03/ - 03 o0or 01 1| - 01 @ - -|o01 02 o0bc O 04f - 04 o0mbc 01 07/ 01 03 o0a o0 02| - - - 0o -
30| 207.4,273.7| 26.9| 280| - 1 02b 04 21| 04 11 o0& 03 04 01 03 o0ab 01 05| - - - - - - - - - - - - - - - - - - - -
j | 202,226,278| 27.11280| 0.3 08 O04ab 02 05/ 01 03 o048 01 03] - - - - -| 04 09 oa 01 03] 03 35 0B 08 13 02 08 O0& 01 04| 01 01 0&a O O
31| 212,249.7 | 277|280 . 02 tab 01 -| - 01 oO0bc O 03] - - - - - - - . - - - 03 o0a 01 08| - - - -] - . - - -
32 266.2 27.9| 280 - - - - - - - - - -]lo1 28 1a 08 08 - - - - - - - - - - - - - - - - - - - -
33| 294.7,351.8| 282280 . 02 ta 01 -| - 05 03 02 05 - - - -l - - - - -] - 02 a o1 -| - - - - - - - - - -
k | 207.4,282.8| 285|280 . - - - -] - - - -] - - - - -] - 02 & - -] - 02 01 01 09| 03 07 06 01 03] - - - - -
34 266.2 28.9| 280 - - . - - - - - -]lo1 1 o0z 03 o8| - - - - - - . - |- - - - - - - : - -
35| 212,249.7 | 292|280 . 06 030 03 08| - - - - | - 04 o0a o01 13| - - - - -| - 04 01w 01 1| - - - - - - - - - -
36| 202.7,275.7|296]|280| - 01 ta I - - - -1 - o5 ®w 02 -| - 05 03 01 06] - 01 a o - | - - - D - - - -

UVmax: Ultra violet maximum absorptiofRT:

Retention timed: Wavelength of measurementin: minimum.max: maximum.av: averagestd: standard deviation. Cv: coefficient of variati@nclorogenic acidb:

cafeic acidc: luteolin-7-O-glucosided: apigenin-7-O-glucosides: rosmarinic acidf: apigenin derivativeg: luteolin, h: apigenini: betulinic acid,: carnosic acid. Number from 1 to 36: Detected plognols not
identified. Compounds a, b, ¢, d, e, f, g and heaq@essed in mg/g DW. Compounds i, j and h areessgd in mg/g DW. Compounds i, j and compound rurhkio 36 are compound number 1 to 36 are exp@Esed
mg/g of rosmarinic acid equivalent DW. t: traces0d0mg/g of rosmarinic acid equivalent DW.
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Table 22 Maximum, minimum, average and deviation for théaxidant activity colorimetric methodologies

All the population Aliaguilla Letur Moratalla Guix ers Tuixent La Sentiu de Si6 Tendilla
MIN MAX AV STD [ MIN MAX AV STD|MIN MAX AV STD |MIN MAX AV STD |MIN MAX AV STD|MIN MAX AV STD |MIN MAX AV STD | MAX AV STD
TP 16 50 33 £7.5| 30 35 3 15| 32 44 40 +4.1| 16 36 2& 68| 27 42 32b +4.4| 23 45 3H 66| 24 50 3b 79 40 3% 438
DPPH | 31 165 96248 95 109 103 #4.8| 71 126 10b #17.3] 31 91 62a +22.3| 80 113 9% 94| 63 118 8% 156 68 165 11h 28 119 10® +11.7
FRAP 25 106 60+18.1| 60 72 67b +4.1] 49 65 58b 6 25 59 3& 12 58 87 6% #8.7| 33 61 4G 8.2] 37 106 7® +20.3 67 57ab +7.5
MIN: Minimun, MAX: Maximun,AV: Average STD: Standard deviatio.P: Total phenolsDPPH: Scavenging activity andRAP: Ferric reducing antioxidant power
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Table 23.Significative correlations between methods and @oénols.

DPPH | FRAP | TP
FRAP | 0.866% -
TP | 0.841%  0.665* -

b - - 0.227*
4 0.352*  0.279* 0.230*
5 - -0.217* -

6 0.228* - -

7 - 0.269* -

8 - - 0.284**
e 0.418**  0.268* 0.536**
10 - -0.223* -

f 0.401*  0.401*  0.339**
11 0.322*  0.291* -

12 0.297*  0.284*  0.281*
13 0.302*  0.224*  0.314*

15 -0.218* - -
16 0.233* 0.249* 0.273*
g -0.270* - -0.306**
h -0.325%* - -0.405**
20 - 0.324** -

21 0.342**  0.348** -
23 0.402**  0.434* -
25 0.368**  0.275* -
29 0.384**  0.387** 0.272*

j - - 0.244*
31 - -0.242* -

32 |-0.476* -0.400* -0.463*
33 - - 0.250*

k 0.472%  0.478*  0.322**
34 | -0.504** -0.431** -0.489**
SUM | 0.526** 0.402**  0.606**

TP: total phenolsPPPH: scavenging activity anBRAP: ferric reducing antioxidant poweBUM: total sum of all detected polyphends,peak,b:
cafeic acid,e: rosmarinic acidf: apigenine derivativeg: luteolin, h: apigenini: betulinic acid,j: carnosic acid. Number frorh to 34 detected
polyphenols not identified.
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Figure 6: Canonical discrimination function for the polypinds profile of the differens.
lavandulifoliapopulations.
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Figure 7: Examples of chromatograms of each populationSofavandulifolia Left chromatograms measurementsAaB30, right
chromatograms measurementsha280. A1/A2: Aliaguilla. B1/B2: Guixers.C1/C2: Letur. D1/D2: Moratalla. E1/E2: La Sentiu de Si6.
F1/F2: Tendilla.G1/G2: Tuixient.a: clorogenic acidb: cafeic acidg: Luteolin-7-o-glucosided: apigenin-7-O-glucoside; Rosmarinic acid,
f: apigenin derivativeg: luteolin,h: apigeninj: betulinic acidj: carnosic acid. Numbers frointo 36: Detected polyphenols not identified.
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Variation in morphological traits among Thymus mastichina (L.) L.

populations

Abstract

Thymus mastichinéL.) L. is an endemic species of the Iberian Psulan and one of the most
collected of wild plants in Spain. Despite the hageount of possibilities for the use Bfm.
subsp.mastichinaas an industrial crop, cultivation is almost als®rd no selection has been
made. To identify the most useful and discrimingtinaits and to study the morphological
variability of Spanish marjoram, a total of 16 plations were studied during 2011 and 2012
and 20 morphological traits (15 quantitative andualitative) were used for characterization.
Analysis of variance, Principal Component Analysisyrelations among traits and cluster
analysis have been carried out for data processmiga and inter-population variability were
highly statistically significant for all the quataiive traits, revealing the polymorphism of the
species, although variability among populations gEater than variability within populations
showing that populations are morphologically digtished from each other. Number of
flowers per flower head, number of flower headskganch, length/width of the bract, and bract
width were the most variable traits. The most Vialeidraits for characterization were related to
the bract form and size, leaves and capitula. EBmges of morphological variation for the
cultivated specimens compared with references b sgecimens in the bibliography, showed
slightly larger sizes of leaves, bracts and infioences and smaller sizes of calyces and
corollas. Cluster analysis classified the poputatiinto 4 groups. Populations from group 3
(CLM4, TM23 and TM43) were highlighted by the bigg@ower heads and they may be more

productive for essential oil extraction.
Keywords

Morphological variability, morphological traits, &pish marjoram, phenotypic diversity,

Thymus mastichina
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8.1.Introduction

Thymusmastichina(L.) L., an endemic species from the Iberian Peningsilaharacterized by
simple and opposite leaves and by zygomorphic alatbiate flowers as part of the family
Labiatae. Its calyx tube terminates in 5 teeth Mathg cilia which give the plant a feathery
appearance and the white flowers are groupedefidieads or capitula. It grows in sandy and
siliceous soils and, in the Iberian Peninsula, @mwfrom late May and early June to late July

and early August.

The species can be classified into two subspesigssp.mastichinacharacterized by calyx
longer than 5 mm, inflorescences larger than 10 immiameter and oblong-ovate or elliptic
bracts; and subspecidsnyanaeR. Morales characterized by calyx with a size étpar less
than 5 mm, inflorescence smaller than 10 mm in di@mand bracts widely ovate (Morales
2010). The subspecie®nyanads only present in Huelva and Seville (South-W&s&in) and

in Algarve (South-East Portugal) while the subspeniastichinaextends throughout all the
Iberian Peninsula with lower presence in the nogdtwcoast of Spain and the Mediterranean

coastline (Morales 2010).

With regard to its chemical composition, 1,8-cinant linalool are defined as main constituent
and three chemotypes are known depending on itdivel content (Miguel et al. 2004;
Salgueiro et al. 1997). The most widespread chgpmaotgontains 1,8-cineole as main
compound. The second chemotype contains linaloopraxipal component and the third

chemotype is intermediate with both volatiles agnncampounds (1,8-cineole-linalool).

T. mastichinaknown as Spanish marjoram, is remarkable famesglicinal properties including
antiseptic, digestive, antirheumatic and antitussffect (Vanaclocha and Cafigueral 2003). It
Is also used as an aromatic plant in the perfurdecaametic industry, as a food seasoning and
as a honey plant. In the last decades, its extausits essential oils have also been widely
studied for their bactericide, insecticide and faite properties (Faleiro et al. 2003; Fraternale
et al. 2003; Pavela 2005; Vegara et al. 2011). ibegpe huge amount of possibilities for using
T. mastichinaas an industrial crop, significant efforts have Io@en made for its domestication
and selection although it could be a very goodreéitive in the development of rural areas in
the Iberian Peninsulal. mastichinais cultivated in Spain as an essential oil plafthough
mainly wild populations are used for distillatiorignelt and IPK 2001).The study of the

morphological variability of this species is esgarif it is to be domesticated. Also, description
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of the morphological characteristics is the usuathodology accepted from a legal point of

view for the patenting and registration of varistie

Multivariate statistical methods have been sucodlgsiused to classify quantitative and

qualitative variations in many crop species (Beldalal. 1999; Bhargava et al. 2007; Khadivi-
Khub et al. 2012) and it is also useful to study vhriability of wild populations (Delgado et al.

2010). This study is the first to report morphot@ditraits analysis within an elevated number
of populations of an endemic plant from the Ibeff@minsula such a& mastichinaobserved

during two years under cultivation.

The present study was conducted with the aim oftifygng the most useful traits for

discrimination among the populations, finding tlationship among them, and evaluating
features to identify the individuals with good putiel for exploitation. It was also conducted to
determine the extent of genetic diversity for effec germplasm management and proper

utilization in selecting programs.

8.2.Materials and Methods

Plant Material

The experimental material comprised 16 wild popalet of T. m.subsp.mastichinacollected

in Spain (Table 24). These populations were studied randomized block design trial with
three replications during two seasons (2011 an@Riithe experimental field of the Instituto
Tecnoldgico Agrario de Castilla y Leon (ITACyL), Nadolid (Spain). The experimental plot
was 5.25 rhwith row-to-row and plant-to-plant distance of ®m and 0.20 m, respectively. A
total of 91 individual plants from 14 populationsdal68 specimens from 16 populations were
analysed in 2011 and 2012, respectively. The diasgeral plants from each population were
recorded for 20 morphological traits as describedrable 25. Voucher specimens of each
population were deposited in the herbarium of tb&hic area (PALAB) in the Yutera Campus
of the University of Valladolid.

Statistical analysis
Data of individual plants of 14 populations for gtitative traits recorded in 2011 were used in
analysis of variance (ANOVA) in order to determiti@ population and population per plant

effect, representing inter and intra-populationiataitity, respectively. Coefficients of variation
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(CVs %) were determined as indicators of variapili€orrelations between the traits were
determined using the Pearson correlation coeffisidn order to identify the most useful traits

for discrimination among the specimens, Principam@onent Analysis (PCA) was done by

simultaneously considering all the variables. Aftards, influence of the year and relationships
among the populations were investigated by ANOVAI dPCA, respectively, using data

recorded in 2011 and 2012 for the traits seleckexv@ To bring out the patterns of similarity

and dissimilarity, the mean data of two season®wabjected to cluster analysis using Ward'’s
method to group the 16 populations. All analysesewgerformed using SPSS 15 statistics
software (IBM Inc., Chicago, IL).

8.3.Results and discussion

I dentification of the most useful traitsfor discrimination among the populations

The highest CVs for the traits analysed were resmbrir: number of flowers per flower head
(48.4%), number of flower heads per branch (46.8&)gth/width of the bract (36.5%), and
bract width (27.4%) showing a high degree of diigr@able 26).

Analysis of variance exhibited highly significanfferences for all the 15 quantitative traits
among the 14 populations indicating the presencleigif degree of morphological variations
among the populations studied. For all the traitdysed, the intra-population variability is also
significant as expected for wild populations. Ihtedits, the inter-population variability has a
greater importance than the inter-population vditgpexcept for the trait L/W of the flower

head, indicating that populations are morphologjadistinguished from each other, despite the

great variability shown by plants within the sanopplation.

There was an important correlation between lengtisaves and bracts (50.6, P<0.001) and the
length of the bracts also presented correlatioh wie length of the calyx (44.5, P<0.001) and
corolla (31.3, P<0.001) (Table 27). Width of thexdirshowed negative correlations with the
number of flower heads per branch (-48.8, P<0.@dd)greater length of the branches indicated
a higher number of flowers per flower head (32€0.B01). The number of flowers per flower
head was correlated with the length and the wifitheleaves (-23.7, P<0.05 and 31.3, P<0.01,
respectively), however there was no correlatiomnvben the size of the flower head and the size
of bracts and leaves df. mastichinaand these three traits can be useful for selegtiagt
material because essential oils are mainly founthése parts of this plant species, although

flowers present a higher amount of essential aihtieaves (Faleiro et al. 2003).
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In order to assess the patterns of variation, P@8 @one by simultaneously considering all the
variables. For this analysis the characters wetillg scaled to make their variances equal. In
the multivariate space that they defined, a newftakes was then chosen so that the variance
on each axis was as large as possible but atargiies to the preceding ones. The coefficient of
each data point on each new axis was a weightedo$uta coefficients on the original axes.
The variance on each axis is called latent roatutovalue; the percentage of total variance that
each represents and the coefficients used in thghteel sum (loadings or eigenvectors) are
presented in Table 26. The first seven principahponents (PCs) explained 74% of the
variability present among the individual plantsdsta for the 20 traits under study. PC1,
accounting for 20.2% of the variation, had thettfaim of the bract and width of the bract as
the variables with the largest positive coefficggnthile the relation between length and width
of the bract and leaf showed the largest negatiedficients. The second axis (PC2) explained
15.5% of the variability with the traits length amddth of the flower head with the largest
positive coefficients and the relation length/widththe leaf and leaf length with the largest
negative coefficient. PC3 explained 11.8% of thaalmlity with the bract length as the most
powerful coefficient, while PC4 explained 8.6% dfet variability showing the relation
length/width of the flower head the weightiest ¢oéfnt. PC5 explained 6.7% of the variability
with bract length as main trait. In view of theuks, the most important traits are those related

to the leaves and bracts as well as the size anddbthe capitulum.

As there are good correlations between bract fanth laract length, and width and leaf form
with leaf length and width, these qualitative saitere not selected to study the diversity of the
species. Traits related to the seeds were alsotedjdecause their influence on the variability
was low and they were not related to the paramefgptant yield. There was a high correlation
between the number of flowers per flower head &edength and width of the capitula, so the
number of flowers was not taken into account sieggstering this feature is time-consuming.
Finally, traits related to the branch, despite béinportant as parameters of yield, were rejected

because of the high variability found even in tame sample plant.

Morphological variability

Once the 11 biometrical traits were selected, artofNOVA and PCA were done to analyse
the morphologic variability of the species for 8@nples collected in 2011 and 2012.

Population was the most important source of vamafior all studied traits, except for leaf

length (Table 27). Size of the flower head and lerid the leaves seem to be more influenced
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by environment. For those characters which thegmgage of the sum of squares of residuals

was large, the intrapopulation variation was larger

The first three principal components (PCs) explaig&.3% of the variability present among the
populations studied. PC1 contributed with 38.5%haf variation, PC2 with 33.6% and PC3

with 11.2%. Figure 8A shows axes 1 and 2 and figleepresents axes 1 and 3.

In figure 8A, the populations located in the uppght part of the plot, are characterized by
bigger flower heads (CLM4, TM43 y TM23). Populatolocated in the upper left part of the
plot are populations with large and narrow leaved hracts (CLM1, CLM2 y TM29), and
populations located down and right in the plot@raracterized by shorter and wider leaves and
bracts (TM37, TM39, TM42 y TM14). In figure 8B, palations located in the upper part of the
plot have larger corollas (TM1, TM38, CLM1) and pégtions in the right corner are also
characterized by larger calyxes (TM43, TM39).

Cluster analysis was carried out and it allowedassessment of similarity or dissimilarity and
clarified some of the relationships among the 1utetions studied (Figure 9). The dendogram
showed that the germplasm collected could be dividéo four groups. The mean values of
populations included in each group are presentetialle 28. Each group had some specific
characteristics, in Figure 9 the first group encasges the populations CLM1, CLM2 and
TM29 characterized by large and narrow leaves aratt®h Group 3 encompasses the
populations CLM4, TM23 and TM43 and is noted fae thiggest flower heads and the largest
calyces. Populations in group 4 (TM14, TM17, TM3M39 and TM42) showed short and
wide leaves and bracts. The remaining populatioa€lastered in group 2 and characterized by

small leaves and flower heads.

The traits investigated in this study are very imgoat from a commercial point of view, as they
have direct and indirect effects on foliage anevéio production and presumably on its essential
oil production. It is well known that essential @lproduced in the aerial parts of the aromatic
plants, mainly in flowers and leaves in the casg@hyfmusspecies (Faleiro et al. 2003; Guillen
and Manzanos 1998; Hazzit and Baaliouamer 20090,Athe same as in other Labiatae
species, Spanish marjoram contains more esseiitial iowers than in leaves (Miguel et al.
2004). Therefore, the populations grouped withiougr3 (CLM4, TM23 and TM43) are the
most desirable populations because of their laepvds, bracts and inflorescences (and
consequently, a greater number of flowers) and ttmyld result in a higher production of

essential oil per unit area.
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Cultivation and sdection of T. mastichina

Comparing the ranges of variability of the studigaimples with the ranges of variation
published by Morales et al. (2010) for wildmastichina none of the studied leaves (0.87 to
1.92 cm for length and 0.22-0.55 cm for width) Isathller size than wild plants (0.5 to 1.3 cm
for length and 0.1-0.4 cm for width), however 40%tlee leaves were larger and 50% were
wider than wild samples. With regard to the brg6td5-1.15 cm for length and 0.12-0.72 cm
for width) 14% of the samples were shorter and 58tewarrower than wild bracts (0.6-0.8 cm
for the length and 0.3-0.6 cm for the width); oe tither hand, 18% of the samples were larger
and 13% were wider than wild specimens. With resfecalyces (0.40-0.77 cm for the studied
specimens) only 5% of them were bigger than wiltyass (0.55-0.7 cm) and 54% of the
studied samples were shorter than wild specimerith Mgard to corollas (with a range for the
studied samples of 0.30-0.74 cm), 7% of the sample above the range for wild specimens
and 49% of the samples were below the range (rgniginwild specimens from 0.5 to 0.65
cm). The inflorescences afiastichinasubspecies vary in their natural habitat from 1.®cm.
The cultivated samples presented a 7% of samplderuhe range and 19% of the samples

above the range for wild inflorescences.

The results show that cultivation of the speciesdases slightly the sizes of leaves, bracts and
inflorescences. Cultivation also decreases thes sifecalyces and corollas, probably due to
bigger inflorescences and competence among flowérs.increase of the size of these organs

of the plant is another advantage offered by tligvation of T. mastichina

T.mastichinais one of the 10 most collected plants from thielwi Spain. 95% of the Spanish
marjoram production comes from wild collection dhid could be a threat for the species and a
loss of profit, because of the lack of selectedemalt and the lack of control of the culture
parameters to increase the production. In viewhef huge profits generated by this species
(Douglas et al. 2005), there is a definite needitf®rselection and genetic improvement to

develop high yielding clones.

In the process of domestication of any speciesetieidiversity among germplasm plays the
major role, since it opens the way to select thet Bpecimens. Phenotypic variation within
populations can have important consequences ohitineass and essential oil production. The
study reported that the most variable traits alaged to the size of leaves, bracts and capitulum.
These traits influence biomass development andcefiver essential oil production. Selecting
programmes should search for specimens with ldogenches, bigger leaves and bracts and

bigger flowers and flower heads. On the other h#meljeaf size is not related to the size of the
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capitulum, and it would be possible to obtain panith bigger leaves and flower heads. The
establishment of. mastichinacrops in Spain could help with the sustainableetigyment of

the species promoting its conservation.
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Table 24.Data of the origins of the studied population§ bymus mastichina.

Plants Plants
Population Locality Province Longitude Latitude Altitude  evaluated 2011 evaluated 2012
CcLM1 Lezuza Albacete 385456N 022308W 1054 3 10
CLM2 Moral de Calatrava  Ciudad Real 385036N 033356W 730 8 12
CLM3 Hontanar Toledo 393052N 043419W 848 - 12
CLM4 Casas de Lazaro Albacete 384423N 021321W 827 2 11
T™1 Toro Zamora 413122N 052424W 704 - 9
T™M12 Tordesillas Valladolid 412933N 050054W 675 6
T™M14 Truchas Ledn 421325N 061512W 957 9 12
T™17 Almazéan Soria 412826N 023538W 933 3 11
TM23 Riaza Segovia 411527N 032805W 814 6 8
TM29 Serranillos Avila 402040N 045415W 1190 9 12
TM33 Ponferrada Leodn 423407N 064604W 507 9 12
TM37 Carrocera Leo6n 424942N 115213W 1029 9 12
TM38 Villacastin Segovia 404622N 042253W 1056 6
TM39 Lerma Burgos 415838N 032908W 945 3 8
TM42 Saldafia Palencia 423158N 044326W 816 9 12
TM43 Bofar Lebdn 425143N 051816W 1017 9 12
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Table 25.Qualitative and quantitative traits studiedlimymus mastichina

Abbreviation N° of data Unit

Trait per plant Scale
Qualitative Traits 1 3 5
Leaf Form SL 1 - Elliptic Intermediate Lanceolate
Bract Form SB 1 - Long Intermediate heart-shaped
Pilosity HB 1 - Low Medium High
Colour SC
Seed Form SF
Quantitative Traits
Length (L) LL 20 cm
Leaf Width (W) LW 20 cm
Lw LL/LW 20 -
Branch Length BLH 3 cm
Ne° of flower head per branch FHB 3 -
Length (L) FHL 10 mm
Width (W) FHW 10 mm
Flower head LW FHL/ FHW i
Ne° of flowers per flower head NFH 3 -
Length (L) BL 6 cm
Bract Width (W) BW 6 cm
L/w BL/BW 6 -
Corolla length CL 6 cm
Flower _
Calix size CS 6 cm
Seeds 100-seed weight WS 1 g
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Table 26.Mean, range, coefficients of variation (CVs) angimcomponents for 20 morphological traits in 14ylations ofThymus mastichineollected in

2011.
Morphological traits Unit  Mean Range CVs (%) PC1 PC2 PC3 PC4 PC5 PC6 PC7
Qualitative traits
Leaf Form - - 0.2736  0.0957 -0.0281 0.2530 -0.1561 -0.1648.5013
Bract Form - - 0.3607 -0.1745 -0.1815 -0.0664 0.2913  0.0974.25Z6
Pilosity - - -0.0336  0.2363  0.0731 -0.0624 0.3733  -0.12383978
Seed Colour - - -0.1091 -0.0908 -0.2171 0.0901 05260 -0.0890.3976
Form - - -0.0136  -0.3743 -0.0265 -0.1663 -0.0050 (01127-0.0842
Quantitative traits
Loaf Léngth L) cm 129  0.87-1.92 175  -0.2548 -0.0588 0.3257 0.1611.195Y 0.3892 0.1898
Width (W) cm  0.40 0.22-0.55 16.5 0.2621 -0.0104 0.1896 0.3414.135B 0.4290 -0.1424
LIW 337  2.245.84 249  -0.3843 -0.3822 0.7895 -0.1808.2414 -0.0328 0.3068
Branch Length cm 3558 16.33-49.17 20.4 0.0764 0.2273 -0.1595 0.1838 -0.0003 0.50932012
Ne flower head 36.27 8.67-92 46.8  -0.2879 0.1842 -0.1245 0.0415.128F -0.0202 0.0937
Length (L) cm 156  0.74-3.10 25.4 0.1455 0.3876 0.3338 -0.2562057 -0.0649 -0.0220
Flower head Width (W) cm 144 0.72-2.09 20.9 0.1920 0.3607 0.1989  0.2482 2922 -0.2392 0.0667
L/w 1.10 0.73-2 201  -0.0433 0.0639 0.1582 -0.6289 94B1 0.1999 -0.1598
N° of flowers 69 20-196 48.4 0.2557  0.3290  0.1852 -0.2521  0.0716.1422 -0.1735
Bract Léngth (8] cm 071  0.45-1.15 185  -0.1013 -0.2077 0.4692 0.0880.6482  0.1047 0.0396
Width (W) cm 043 0.12-0.72 27.4 0.3463 -0.3066 0.1102 -0.14131521  0.0287 0.1681
LIW 1.85  0.94-4.75 365  -0.3856 0.1775 0.1126  0.2082.1509 0.0363 -0.1161
Flower Corrolla lenght  c¢m  0.49 0.30-0.74 20.8 0.0767 -0.2204 0.2061 0.0704.364D -0.2445 0.4475
Calyx length cm 054  0.40-0.77 14.0  -0.0258 -0.2088 0.3442  0.1084.249D  0.1023 -0.2686
Seed 100-seed weight 0.03 0.02-0.06 26.7 0.0311 -0.1103 0.3280 0.0844.0545 -0.3645 -0.1852
Autovalue 4.0 3.1 2.4 1.7 1.3 1.2 1.0
% variability explained 20.2 15.5 11.8 8.6 6.7 6.1 5.2
Variability accumulated 20.2 35.7 47.5 56.1 62.7 68.8 74.0

131



Table 27.Pearson correlation coefficients among the 20istutaits ofThymus mastichina

Quantitative traits

Qualitative traits

Leaf Flower Branch Flower head Bract Seed Leaf Brac Seed
Quantitative traits LL LW  LLLW CL Cs BLH FHB FHL FHW FHL/FHW NFH BL BW BL/BW ws SL SB HB SC
LW 14.4
Leaf
LL/LW 60.4 -65.8
CL -1.5 10.5 -8.4
Flower
CS 27.0 9.2 10.4 15.1
BLH 95 252 -23.9 -14.1  -159
Branch
FHB 104 -24.0 25.8 -3.8  -10.7 10.6
FHL -9.6 16.4 -18.0 -11.0 -0.9 195 -5.9
Flower head FHW -11.6  20.7 -24.5 -4.0 6.7 229 4.0 68.4
FHL/FHW  -2.1 -2.2 2.1 -11.1 7.7 -1.2 -0.4 474  -285
NFH -23.7 313 -38.5 -22.7 -10.4 320 -18.0 78.8 52.4 37.6
BL 50.6 10.6 22.9 31.3 445 -252 -7.9 -8.9 -5.5 -5.9 -12.0
Bract BW -154  30.8 -33.3 30.3 18.1 -8.2 -48.8 -0.4 -4.3 3.2 16.8 23.9
BL/BW 41.0 -25.8 46.4 -14.4 8.2 -29 393 -6.8 -1.3 -6.9 -289 221 -80.0
Seed WS 154 10.6 -0.3 215 252 -259 -181 6.9 4.8 2.3 -3.1 289 11.0 0.5
Cualitative traits
Leaf SL -31.8 26.2 -44.5 6.3 -10.7 8.2 -14.8 145 37.0 -25.0 19.8 -1.0 255 -20.3 -1.0
Bract SB -36.4 28.1 -44.2 3.9 -156 181 -389 -3.2 15 -5.7 146 -242 711 -78.1 -13.3 21.0
HB 2.4 -7.3 4.9 -14.7  -11.0 9.4 9.8 30.2 26.8 4.9 231 -7.7 13.0 5.1 -84 -49 21
Seed SC 2.3 -20.4 14.2 -20.1 9.2 -5.6 12.9-286 -8.2 -21.2 -235 -8.6 -9.9 0.9 -6.0 -172 50 -5.2
SF 1.1 -7.0 9.6 11.4 233 -20.0 -225 -378 -51.1 8.7 -21.2 -21.3 28.6 -13.9 0.1 -3.0 12.8-16.3 3.8

In bold significant correlations at P<0.05
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Table 28.Percentages of the sum of squares obtained mnlgsis of variance using

population, year and year x population interactersources of variation.

Population  Year Population x year Residual
Length (L) 17.23** 31.68 *** 6.44  ** 39.40
Leaf Width (W) 24.84 **  0.03 ns 299 ns 69.17
L/W 33.83 *** 25,33 *** 343 ns 36.70
Flower Length (L) 14.33%* 2,48 ** 9.68  ** 76.53
head Width (W) 21.41 ** 12,46 *** 1128  *** 60.35
L/W 4.44 ns 2.81 ns 4.38 ns 88.26
Length (L) 32.24**  0.20 ns 8.76  ** 59.27
Bract Width (W) 24.93 ***  0.83 ns 6.51 ns 70.04
L/W 34.67 *** 379 *** 6.49 * 59.15
Flower Corolla length  12.14** 0.86 ns 538 ns 82.56
Calyx length 13.38** 0.25 ns 792 ns 77.30

*, ** and *** Statistical significance at P<0.05,@L and 0.001 level, respectively. Ns: non-sigaific
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Table 29. Mean values of hymus mastichinpopulations included in each group.

O O

Trait* Overall mean Group 1 Group 2 Group 3 Group 4

Length () | 106 + o011 120 + 006 h 099 =+ 012 |b116 + 003 a| 100 + 003 !
Leaf width(w) | 040 + 004 035 + 004 B 037 + 003 |b 4D + 001 a| 043 + 003 3
Lw 278 + 044 350 + 017 d 273 + 027 |b 28 017 b| 237 + 018 ¢

Length () | 1607 =+ 1024 1531 =+ 157 b 1612 + 05®% | 1780 + 029 a| 1543 + 0,99

Fﬂ’;ﬁ' Width (W) | 1546 + 108 1435 + 101 b 1554 + 06m | 1690 + 024 a| 1519 + 091
Lw 105 + 003 108 + 003 4 105 + 002 hb 1,06+ 004 ab| 1,02 + 002 N
Length (L) | 072 =+ 007 076 + 009 & 072 + 006 |ab080 + 0,05 066 + 002 |
Bract Width(w) | 044 + 005 039 + 002 B 041 <+ 003 |b 40 =+ 001 049 + 003 4
Lw 174 + 028 212 + 004 4 18 + 015 |b 171 014 b| 142 + 008 ¢

Corolla length 0,52 + 0,03 0,49 + 0,04 ns 0,53 + 040, ns 0,52 + 005 n 0,52 + 0,02

Flower  oixlength | 055 + 003 055 + 002 b 054 + 00b| 059 + 002 a| 055 + 002

ns

*Different letter in each row means differences agnaean values. ns: non-significant
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Tree Diagram for 16 Cases
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Figure 9: Cluster analysis using Ward’s method to grouplh@opulations separated in four groups.
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Conclusions

8. General conclusions

In view of the great chemical variability that ocgtoth in the composition of essential oils and
polyphenols for the different species studied al asetheir morphology and given that these
features are primarily ruled by genetic characteith the environmental factors being a weaker
and less influential factor, the ability to selerganisms with characteristics and qualities
desired by the market is a real possibility forsthepecies. The establishment of plot assays
demonstrated that these species can be easilyatatli avoiding wild collection and allowing
traceability and offering the possibility of contimg agronomic parameters such as irrigation
doses or treatments that maximize the yield. Mageothe selection of organisms with
outstanding features leads to an increase of croguptivity and improves economic profit,

which could be very beneficial to the industry.

To carry out the analysis of the chemical variggiliChapter 1 shows a comparison of
methodologies for analysing the similarities anfledénces between the methods studied and
their suitability for each species. Depending oa $pecies tested, the application of different
methodologies led to different results in the cosifgon of the volatile fraction. TM showed
few differences between extraction methodologiekilevSL showed important differences
using EX. Some compounds yielded no significarfediinces as far as the method applied was

concerned, while others produced higher conterits avparticular technique.

In view of the huge amount of by-products generaethe essential oil industry, a valorization
of such products can lead to the increasing ofptiodits of the industry in an environmental
friendly way. Chapter 2 concludes thathe non-profitable waste produced hy latilofia

essential distillation could be valorized and usesl a source of natural antioxidants.
Populations, seasons, and population by seasamdtitn influence the antioxidant properties

of theL. latifolia by-product.

As may be observed from the results obtained ferthihee speciehapter 3), the variability

of essential oils volatiles is largely dependenttua populations studied, meaning that genetic
factors have greater influence in comparison withénvironmental factors and it is possible to
select populations with a desirable composition thuedplant material can be standardised, thus
providing maximum homogeneity, which is essential fquality production. However,
environmental factors which can produce differenodble phenological stage or morphological

development can also have an effect on the chewaeability. Furthermore, the control of the
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Conclusions

environmental factors, as well as choosing thetrpgriod of harvest are also important to

obtain a desired composition, especiallylfofatifolia.

As for essential oils volatiles, polyphenols alémwed great variabilityGhapters 4 and 5)
For Thymus mastichinasamples with higher antioxidant capacity also hagher polyphenol
content but the different polyphenols contributed idifferent way to the antioxidant properties
of this species. Some populations showed high-pagaulation variability while others showed
a similar composition among individual plants. Tpepulations from Saldafia, Lerma and
Carrocera were the populations with a higher amooitpolyphenols and antioxidant
components in the samples studied and they coulseleeted for their higher content. Both
compounds; rosmarinic acid and peak 3 are mairgyaesible for the antioxidant properties of
Thymus mastichinh (Chapter 4). For Salvia lavandulifoliathe phytochemical study of seven
populations of Spanish sage has demonstratedngtalyphenolic profiles were related to the
geographical origin of plant populations and caraheseful tool to elucidate the origin of plant
populationgChapter 5). The population of Moratalla showed le lowest @itiant properties,
while La Sentiu de Si6 was highlighted by highetiaadant content.

Finally, morphology also presented an importanialality as shown inThymus mastichina

(Chapter 6). In the process of domestication of any species,etgendiversity among

germplasm plays the major role, since it opensaég to select the best specimens. Phenotypic
variation within populations can have important seguences on the biomass and essential oil
production. The study reported that the most végidtaits are related to the size of leaves,
bracts and capitulum. These traits influence biendesvelopment and therefore essential oil
production. Selection programmes should searctsp@cimens with larger branches, bigger
leaves and bracts and bigger flowers and flowed$ie@n the other hand, the leaf size is not
related to the size of the capitulum, and it wdakdpossible to obtain plants with bigger leaves
and flower heads. In view of the high incidencewdfd collection of this particular plant

species, the establishment ©f mastichinacrops in Spain could help with the sustainable

development of the species thus promoting its auasien.
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10 INTRODUCCION GENERAL

10,1 Vision general de las plantas aromaticas y miethales

El mercado de las plantas aromaticas y medicinglRAM) es un gran mercado, siendo el
volumen comercializado a nivel mundial para elguwientre 1991 y 2003 de 467.000 t, por un
valor de 1,2 mil millones US$ (Lange, 2006). Otealds conclusiones que se pueden obtener
con los datos disponibles es que el volumen de RAMel que se comercia en el mundo ha
mostrado un aumento constante en los Ultimos &%be.aumento del volumen queda reflejado
en el aumento de las exportaciones e importaciendas Ultimas décadas. Los 12 principales
paises importadores de PAM, importaron un tota82{650 t por un valor de 930.520.000 US$
para el periodo comprendido entre 1991 y 2003tdrana cantidad de PAM importada para el
periodo de 2004 a 2008 que fue de 338.173, poralor de 1.004.692.000 US$. La misma
tendencia se muestra en las cifras de exportae@dasdiltimos afios. Los voliumenes de ventas
de los 12 principales paises exportadores repasent total de 368.200 t por un valor de
807.977.000 US$ para el periodo de 1991 a 200tras que las exportaciones de 2004 a
2008 aumentaron a 416.807 t por un valor de 92300R8JS$ (Lubbe y Verpoorte, 2011).

Este aumento constante del consumo de plantas ticoméedicinales es algo que también se
ha producido en Espafia. Dicho aumento se ha vedftejado en el incremento de las
importaciones y el aumento del cultivo nacionall@nultimos afios. Espafia ha estado en las
dltimas décadas en el top 10 de los principalesepaimportadores de PAM en el mundo
posicionandose entre el décimo y noveno pueste €ifl y 2008. El volumen de PAM
importadas en Espafia entre 1991 y 2003 fue de 9.§&0 un valor de 27.648.000 USS$,
mientras que dicho volumen fue de 15.670 t entf2 302008, por un valor de 44.337.000 US$
(Lubbe y Verpoorte, 2011Espafia no s6lo ha aumentado las importaciones & BiAo que
también ha aumentado las hectareas de terrencmahdiedicada a cultivar este tipo de especies
y en los dltimos afios la produccion de plantas atimas se ha incrementado de 2.180 ha en
2004 a 9.810 ha en 2014 (MAGRAMA, 2014).

Los principales sectores en los que se comerciaP&M en el mundo son las industrias
farmacéuticas, alimentarias, cosméticas y perfusnéta Espafia, la demanda de plantas para
extraccion de aceites esenciales es mayor a lardlemde plantas medicinales aunque el
numero de empresas interesadas en la comercializalg plantas medicinales también es
sustancial (CBI, 2013). Algunas de las especies utiégadas y consumidas de PAM en la
industria espafola sonMentha piperita Melisa officinalis Papaver somniferum
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Chamaemelum nobileEquisetum arvenseThymus spp., Rosmarinus officinalis Salvia
officinalis, S. lavandulifolia Pimpinella anisumLavandula latifolia Matricaria chamomile
Ginkgo biloba Tilia spp., Juniperus comunjsPassiflora incarnata Eucaliptus globulusy
Crocus sativuggue son principalmente recolectadas de formasiilvee importadas aunque
también se cultivan en pequefias cantidadés,angustifoliay lavandin que son ampliamente

cultivadas (Arraiza, 2006; Palos y Gorgues, 2002).

La mayor parte del mercado mundial de PAM es retata de forma silvestre. En el mundo,
entre el 60 y el 90% de la materia prima utilizgabet las empresas que venden productos
obtenidos a partir de plantas arométicas y medasnarovienen de recoleccion silvestre (Laird
et al., 2002).

Thymus mastichinas una de las plantas mas recolectadas de forveatsl en Espafia para su
explotacion industrial ya que el 95% de la proddic@nual de esta especie vegetal proviene de
la recoleccién en su habitat natural, mientras sfile el 5% de la produccion se obtiene de
cultivos. Pard.avandula latifoliael 30% de la produccion viene de la recoleccitresire y el
70% es cultivado y par&alvia lavandulifoliaun 20% proviene de la recoleccion silvestre
mientras que el 80% se obtiene de su cultivo (d##da empresa Esencias Martin Lozano).

La recoleccion silvestre de PAM tiene una serigpdiblemas asociados que se enumeran a

continuacion:

- Identificacion equivocada a la hora de caracteriaarespecies y mezcla de especies
similares.

- Falta de conocimiento sobre los ingredientes astyvsu calidad.

- Falta de homogeneidad del producto.

- Falta de trazabilidad.

- Algunas veces el volumen de material vegetal dilgesecolectado no alcanza las
necesidades del mercado.

- La recoleccion silvestre puede ser una amenaza lpapaoteccion de las especies.

Algunas plantas son escasas en la naturalezargdep humana reduce su numero.

En vista de estos problemas causados por la recaesilvestre, los cuales conducen a una
pérdida de la biodiversidad y en vista de un maybumen de las importaciones en relacion
con las exportaciones, hay una creciente necesldadumentar la superficie de cultivo en
Espafia y de estudiar los parametros de cultivolatggs arométicas y medicinales de interés
industrial, con el fin de mejorar su cultivo y prawer el aprovechamiento sostenible,
maximizando el rendimiento de cultivo. EI aumentd dalor de las PAM ha llevado a la

necesidad de fortalecer el sector. Las importasicm mayores que las exportaciones y el
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clima y las condiciones ambientales de Espafa (y d&ninsula Ibérica en general) son las

idoneas para la produccion sostenible de PAM.

Una de las dificultades que encuentra el cultivoP#eM es la falta de material vegetal

seleccionado adecuado, lo cual dificulta una e&pléh econémica rentable.

Los beneficios que se pueden lograr a través dlaincluyen los siguientes:

- Evitar la amenaza de la especie en cuestion y famknproteccion de la naturaleza.

- Estimar los volimenes de produccién que permitanplenificacion.

- Posibilidad de implantar sistemas de trazabilidastablecer controles sobre la calidad
del material vegetal, evitando la adulteracion fvalde.

- Utilizar dosis de riego adecuadas y técnicas agn@as que permiran mejorar la

produccion.

Existe una gran variabilidad (inter e intra-pobdmel) en las especies silvestres. Diferentes
poblaciones han sido sometidas a diversas presidaeeseleccion, por lo que se pueden
manifestar diferencias. Por otra parte, distintabviduos dentro de cada poblacion, muestran
diferencias debidas a las combinaciones genétisasada uno ha acumulado. Esta diversidad
es esencial para llevar a cabo programas de s@hec® material vegetal. También es
importante el estudio de la biodiversidad a tradés su caracterizacién, evaluacién y
conservacion para ponerla a disposicion de log@grres, con el fin de utilizar mejor estos
recursos genéticos. De esta manera se pueden mamtvos genotipos de especies silvestres

que permitan el desarrollo de nuevas variedadeslpgroduccion agricola.

Lavandula latifolig Salvia lavandulifoliay Thymus mastichinean sido seleccionadas para este
estudio, ya que todas ellas son especies de plaarasteristicas de Espafia y como se
menciond anteriormente, son de gran importancia [@industria tanto a nivel mundial como
nacional. La produccion anual de estas especi&spana en el afio 2014 fue de 20,11 ha.de
mastichinasiendo Andalucia el principal productor, 136,42 d&S. lavandulifolia y S.
officinalis y de 595,51 ha para latifolia y L. angustifolia(ANIPAM, 2014). Por otro lado,
anualmente se extrae en Espafa entre 3y 4 t de asencial d@. mastichinaalrededor de 8

t de aceite esencial @& lavandulifoliay 8 t deL. latifolia (datos de Industria Martin Lozano).
L. latifolia y S. lavandulifoliaademéas se encuentran entre las 20 plantas miaadas para la
extraccion de aceite esencial en el mundo, conpuoduccion anual de 50 a 100 t por afio
(Lubbe y Verpoorte, 2011).
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10.2. Metabolitos secundarios

Las plantas son capaces de sintetizar muchos dipasompuestos tales como carbohidratos,
lipidos, proteinas y vitaminas. Algunos de estosnmeestos son sintetizados para la
supervivencia, el crecimiento y la reproduccion lae plantas, es decir, que son parte del
metabolismo primario de las plantas y estan preseen todas ellas. Ademéas de estos
compuestos, las plantas también son capaces d&izntmetabolitos secundarios que a

menudo derivan de metabolitos primarios.

Los metabolitos secundarios son compuestos nasurateducidos por un determinado
organismo. Se les llama "secundarios" porque nénesirectamente involucrados en la
supervivencia de los seres vivos, sin embargo juaggapel indispensable para los seres vivos
y las plantas son productoras de metabolitos seciosdpor excelencia. A diferencia de los
metabolitos primarios, que son comunes a todgsdadasas, los secundarios son caracteristicos y
cambian de una especie a otra. Estos compuestdsigeenan habitualmente en determinadas
partes de la planta, principalmente en las vacuolastructuras secretoras como espinas,

pinchos, tricomas, pelos glandulares, laticifecosductos, etc.

Aunque hoy en dia las funciones exactas de algumetabolitos secundarios son aun
desconocidas, estos compuestos pueden ser toxibeseficiosos para el resto de los seres
vivos. Estan involucrados principalmente en los an&mos de defensa, actuando como
productos alelo-quimicos en defensa de herbivanicoorganismos, parasitos, patdgenos o
plantas competitivas. También pueden actuar comusaperos internos y conferir a la planta
caracteristicas tales como color u olor; es poraplie con frecuencia actian como atrayentes de

polinizadores o atraen animales para la dispedg@emillas.

Una clasificacion simple de estos compuestos basadau origen biosintético, incluye

alcaloides, terpenoides y fenoles.

-Alcaloides Los alcaloides son moléculas orgénicas nitrogemagde suelen ser toxicas o tener
actividad farmacologica. Algunos ejemplos de estep@ de compuestos son la morfina
sintetizado por la adormider®&gpaver sonniferujn la cocaina aislado de la planta de coca
(Erythroxylum cocay Erythroxylum novogranatenseo la cafeina sintetizada pdoffea

arabica Las especies objeto de este estudio no contenaloides.
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-Terpenoides también conocidos como isoprenoindes, son deswade la molécula de
isopreno formada por cinco carbonos. Se trata dedarburos a los que se adhieren grupos
funcionales y su nombre proviene de la tremenfiegpendiendo del nimero de isoprenos que

conforman un terpenoide se establece la siguidadédicacion:

- Hemiterpenoides: 1 unidad de isopreno (C5)

- Monoterpenoides: 2 unidades de isopreno (C10)
- Sesquiterpenoides: 3 unidades de isopreno (C15)
- Diterpenoides: 4 unidades de isopreno (C20)

- Sesterterpenoides: 5 unidades de isopreno (C25)
- Triterpenoides: 6 unidades de isopreno (C30)

- Tetraterpenoids: 8 unidades de isopreno (C40)

- Politerpenoides: con un mayor nimero de uniddddsopreno

El 1,8-cieneol es un éter ciclico también conodidmno eucaliptol. Es el terpenoide mas
importante de las especies estudiadas, siendo repumsto principal de.. latifolia, S
lavandulifolia y T. mastichina asi como también es un compuesto caracterisécmuthas
especies de la familia Lamiacea y del género Eutealiy de ahi su nombre. Otros terpenoindes
importantes y muy abundantes en estas especied atmanfor, el linalol, el borneol yel g-

pineno.

-Fenoles los fenoles son compuestos formados por un ghigmxilo (-OH) unido a un
hidrocarburo aromético ¢BlsOH). Estos estan principalmente sintetizados &sale dos rutas
biosintéticas: la ruta del &cido shikimico y la g& acido malénico (Harborne, 1989), y cuando
estan formadas por mas de un fenol son llamaddfempales. Si los clasificamos atendiendo a

su naturaleza quimica podemos distinguir:

- Acidos fendlicoslos acidos fendlicos son compuestos organicovatios de acido benzoico
o cindmico. En general, incluye sustancias questiam anillo fendlico y una funcién organica
de &cido carboxilico. Segun su origen se puedesifickr como sigue: acido hidroxicinamico y

acidos hidroxibenzoicos.

- Flavonoides:los flavonoides son moléculas formadas por 15 ésode carbono (GH1¢0-)
que contienen dos anillos de fenilos y un anilleefaeiclico. Se sintetizan a través de la via
biosintética de los flavonoides en cuyo proceso,amlinoacido fenilalanina produce 4-
coumaroyl-CoA. Se trata de una familia de compwestay diversos y dependiendo de los

cambios a los que se someten estas moléculas trai|biosintética, se puede originar un tipo
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de compuestos u otro (Boros et al., 2010a.): amos, flavonoles, flavanones, chalconas,

flavonas.

- Lignanos:los lignanos son un tipo de polifenoles que saiemita principalmente en las

semillas en pequefias concentraciones y estantoatssi por unidades de;GCs.

- Estilbenoidesios estilbenoides, son compuestos hidroxiladowaldos del estilbeno y tienen

una estructura quimica C6-C2-C6.

El acido rosmarinico es el principal compuestofpnblico que se encuentra en las 3 especies
estudiadas y ademas se trata de un compuestoeréstiod de la familia de las Lamiaceae
(Lamaison et al., 1990). Aunque hay una gran vaidall en compuestos polifenélicos en las
especies de interés, algunos compuestos caractesiqtie cabe destacar son el acido cafeico y
el acido clorogénico comunes a las tres especi&éfuteolina, la apigenina y sus derivados son
también compuestos que con frecuencia estan pessentlos géneros &alvig Lavandulay
Thymus(Boros et al, 2010b; Spiridon et al, 2011a.). Bwo lado, los derivados del &cido
salvindlico, el carnosol y el 4cido carndsico saryroaracteristicos del géneBalvia(Johnson,
2011; Zimmermann et al, 2011).

10.3 Familia Lamiaceae

La familia Labiatae, también conocida como Lamiaced abiataceae, comprende 186 géneros
y alrededor de 5.600 especies (Morales et al., )2@$ una familia muy cosmopolita y esta
extendida en todo el mundo, pero con poca rep@sénten el bosque tropical lluvioso. Las
especies que pertenecen a esta familia, son conmi@raeomaticas ya que estas plantas son
capaces de sintetizar compuestos volatiles y sarimiportante fuente de una gran variedad de

polifenoles.

10.3.1Lavandula latifolia Medik

L. latifolia pertenece al génerbavandulay a la subfamilia Nepetoidae. Este género esta
formado por un total de 39 especies y es un grgpplantas tipicas del Mediterraneo que
también se extiende por la region Macaronésicadymesente de forma dispersa por el norte de

Africa, el sur de Asia y la Peninsula Arabiga (Mesa2010).
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Las plantas de este género son tipicas de suelpgede caliza y son generalmente plantas
herbaceas de ciclo corto plantas arbustivas pesehas hojas pueden ser enteras, dentadas o
varias veces divididas e incluso ausentes en atgespecies. Las especies de esta familia se
caracterizan por tener una inflorescencia compupstaflores pedunculadas agrupadas en
espigas terminales. La corola suele ser lila, taoteazul.

L. latifolia es una especie que crece de forma natural en &sppliede encontrarse tanto en
montafias altas como a baja altura (Lis-Balchin2aCademas también se distribuye a lo largo

de Francia, Italia y la antigua Yugoslavia (Moral2310).

Como su nombre indicdafifolia), esta especie se caracteriza por unas hojas mchasaque
otras plantas pertenecientes al génereandula.Se trata de un arbusto con base lefiosa y raiz
gruesa que alcanza hasta 40 cm. El tallo es lefi@am una altura de entre 10 y 15 cm. Las
flores tienen diferentes coloraciones dentro defjoaazul-violeta y se agrupan en glomérulos o
espigas. La corola es bilabiada y tubular y con longitud de entre 8 y 10 cm, las flores
agrupadas en espigas terminales son soportadasguodéolas de unos 3 0 4 mm. El fruto es un
tetraquenio oscuro formado por 4 aguenios o nualgasnos 2 mm. Las hojas son de color
verdoso a grisaceo y varian de lanceoladas a ¢émpasu El tallo estd a menudo ramificado en
forma de tridente aunque en otros muchos casosayorbamificacién. Estos pueden alcanzar
una altura de mas de 20 cm y la inflorescenciatientamario variable que oscila entre 4y 10
cm. Las bracteas aparecen diferentes a las hojgsatvas y la fecha de floracion es variable,

teniendo lugar entre los meses de julio a septiembr

Variabilidad y estudios sobre la composicion quimie deL. latifolia

AunquelL. latifolia es una planta de gran interés comercial y la coitigosquimica de las
especies es muy importante para el mercado, elnoldeeestudios referentes a la compaosicion
quimica de esta especie no son muy abundanteferandiia de lo que sucede cbnmastichina

y S. lavandulifolia

Uno de los estudios cientificos mas antiguos quegen informacion sobre la composicion
quimica de esta especie es de De Pascual-T &B8B), que estudio parte de los constituyentes
de L. latifolia conocidos en la actualidad, encontrando 1,8-cin@mjol y alcanfor como
compuestos principales (como es habitual para esgiacie). Muioz-Bertomeu et al. (2007)
estudiaron siete poblaciones silvestred diatifolia, identificando un total de 28 compuestos y
clasificando sus aceites esenciales como aceitesltm intermedio y bajo contenido de linalol.

Esta clasificacion de aceites esenciales se coiwakacon los pisos bioclimaticos supra, meso y
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termo mediterraneos. Estos autores obtuvieronime®k linalol y alcanfor como compuestos
principales del aceite esencial. En un estudiolamrterraiz-Pefialver et al. (2013) encontraron
también estos tres compuestos como principalesmasieidentificaron un total de 40
compuestos y encontraron cierta relacion entrefaposicion quimica de los aceites esenciales

y su origen geografico.

Por otro lado, Eikiani et al. (2008) compararoredihtes métodos para la extraccion de aceite
esencial dé.. latifolia utilizando extraccion por sobrecalentamiento deaagidrodestilacion y
extraccién con soxhlet, obteniendo como resultag® & método mas rapido y mas selectivo
para componentes oxigenados fue el método de eXirapor sobre calentamiento de agua. Por
ultimo, Barazandeh et al. (2002) y Eikiani et 2DE8) encontraron borneol en lugar de alcanfor

como uno de los tres compuestos principales.

Aunque hay varios estudios sobre los compuestodtiles de los aceites esenciales Lde
latifolia, Slavandulifoliay T. mastichinahay muy poca literatura publicada sobre el cadten
de polifenoles de estas tres especies. Shimizu @990) estudiaron el efecto antiinflamatorio
de L. latifolia encontrando dicho efecto en tres polifenoles Ldelatifolia: cumarin, 7-
metoxicumarin y trans-fitol. Lamaison et al. (1996%tudiaron el contenido de &cido
rosmarinico de varias especies de Apiaceae, B@egie y Lamiaceae encontrando una
cantidad de 700 mg/100 g MS de &cido rosmarinicd..elatifolia. Aunque existen pocos
estudios sobre los polifenolesLddatifolia y no son recientes, si que existe bibliografia mas
completa y actualizada para el lavandin, como n@o el estudio de Torres-Claveira et al.
(2007) que detectaron un total de 32 polifenoles residuos de lavandin, utilizando
cromatografia liquida acoplada a espectrometriandsas lon-Spray como técnica analitica
(LC/IMS/MS).

10.3.Zalvia lavandulifolia VVahl

Salviaes un género cosmopolita y diverso que comprepdexianadamente entorno a 900-
1000 especie. Se trata de un género distribuidaqatr el mundo, encontrdndose més de la
mitad de las especies en América Central y Amé@w#teSur (Morales, 2010; Walker y Sytsma,
2007). De todas las especies de este género, eult&ado y el mas importante en el mercado
mundial esS. officinalisy es popularmente conocido por su uso alimentarigmental y como
planta medicinalS. sclareasS. officinalisy S. lavandulifoliason ampliamente utilizados para la
extraccidon de aceite esencial (Lubbe y Verpooi@d,12y otras especies comercialesSadvia

que cabe incluir sois. fruticosa S. verbenacy S. tomentosdKintzios, 2004). Esta planta
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puede multiplicarse por semillas, esquejes, acadivigion de pie (Mufioz, 1987) y es capaz de
crecer en hébitats muy diversos. El color de lalegpuede variar entre la gama del azul, rojo o
blanco y, menos habitual, de color amarillo. A @ifecia del resto de las labiadas, el androceo

consta de dos estambres.

Salvia lavandulifoliaVahl perteneciente a dicho género, puede enceetran las montafias
calizas del Mediterraneo occidental o en suelosudgrato calizo, margoso o yesifero a una
altura entre 200 y 2.000 metros, sin embargo, esan@in encontrar que entre 600 y 1.000 m
de altitud (Burillo, 2003). Esta especie tambiénamda como Salvia espafiola es caracteristica
de Espafia, del sur de Francia y del noroeste deaAfsaez, 2010). Se trata de un arbusto con
tallos lefiosos en la base que alcanza una altuentrie 20 y 65 cm. Tiene hojas simples y
pecioladas y la corola suele ser de color rosd,axinleta con una longitud de 15 a 40 mm. El
androceo esta formado por dos estambres. Estaglaatie soportar suelos poco profundos asi
como también condiciones ambientales inhéspitasgmbargo, no soporta el exceso de agua.
El rendimiento de produccion de aceite esencideealrededor 13,90 L/ha (Mossi et al., 2011).
Esta especie presenta una gran variabilidad taotfoltgica como quimica y el periodo de
floracion se extiende desde junio hasta septiembpendiendo de la localizacién geogréfica,
floreciendo en Esparfia desde finales de junio IpaBteipios de agosto.

Subespecies (Séez, 2010):

- subsp.lavandulifolia Por lo general cdaliz piloso con dientes infersoee3 mm. Se extiende
principalmente por el centro y el este de Espafia.

-subspuvellerea Por lo general las bracteas son persistentéamelfio de los dientes del céliz
oscila entre 3y 5 mm. Crece en el este y sur emdnsula Ibérica.

-subsp.mariolensis Las bracteas suele ser persistente con un tadefi@ntes del céliz entre
0,7 y 2,2 mm. Soélo crece en el este de Espafia.

-subsp.blancoana Inflorescencia abierta y ramificada, bracteasnfwracaedizas, céliz con
indumento formado principalmente por pelos glaridids; el tamafio de la corola oscila de

entre 24 y 40 mm. Caracteristica de Espafia y ded de Africa.

subsp.oxyodon Caliz glabrescente con dientes mayores de 3 $arextiende por el este de

Espaiia.

Variabilidad quimica y estudios previos sobre su agoposicion

Aunque existe una gran variabilidad quimica p&alavandulifolia no hay quimotipos

claramente reconocidos. Sin embargo, Jordan €R@D9) clasificaron varias muestras 8e
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lavandulifolia subsp.vellerea en diferentes grupos atendiendo a los compuesitiiles
predominantes.

Con las actuales metodologias y técnicas cromdicggéay una gran cantidad de metabolitos
secundarios de las plantas que pueden identificariSalviapresenta una enorme variabilidad

de estos compuestos.

Con respecto a la composicion quimicaSdéavandulifolia lo que caracteriza a esta especie es
la ausencia de y S tuyona considerandose estos compuestos como roagsaguimicos que
permiten distinguilS. lavandulifoliade S. officinalis(Mathe, et al. 2006; Guillen, et al. 1996).
Sin embargo, algunos autores han encontrado graraigilades de estos compuestos en la
salvia espafola. Por ejemplo, Mossi et al. (201Rigrozan et al. (2009) encontraron un
contenido de estos compuestos de 18,95% + 7,7garyona y 19,96% + 3,5 pafatuyona.

Por otra parte, Guillén et al. (1996) encontré antenido dex-tuyona del 11,07%. Esto no es
habitual para esta especie; sin embargo, estogaeer debido a la hibridaciébn con otras
especies del génefalvig a condiciones ambientales particulares que faeorda formacion

de tuyonas o a una identificacién erronea de lasstras.

Usano-Alemany et al. (2012) estudiaron la influanestacional en el rendimiento y en la
composicion quimica de salvia espafiola, obteniemu® variacion importante tanto en el
rendimiento como en la composicion quimica durdate diferentes estaciones del afio y
encontrando como compuestos principales: 1,8-ci{2o#-33,8%); limoneno (5.6 a 10.4%3;
pineno (10,5-17,5%)3-pineno (6,0 a 17,3%); mirceno (t-10,0%); alcar(@d hasta 9.4%); y
trans-cariofileno (4,0-8,5%), variando de acuerdo aelsimciones. Al contrario de lo que ocurre
con otras especies (por ejemplo cbnmastichinao conlL. latifolia), donde los principales
compuestos son estables y permanecen como compuym#tcipales para esa especie, los
compuestos principales para salvia espafola vanigpliamente, dependiendo del lugar de
recoleccidn, las condiciones ambientales, etc.dileRefalver et al. (2010) analizaron un total
de 20 poblaciones silvestres de esta especie,iebtiEnun enorme rango de variabilidad de los
compuestos principales (1,8-cineol 6,4-34,5%; ligvan 0,8-16,2%u-pineno 6,7-23,2%p-
pineno 3,8 a 19,2%; alcanfor 0-15,4%). Los valanesicionados representan la composicion
del aceite esencial extraido de la planta entérae®@bargo, Schmiderer et al. (2008) en un
estudio méas detallado, describe la composicioragaliferentes partes de la planta, mostrando
que las hojas y los célices tienen como compuestiveipales caracteristicos 1,8-cineol,
alcanfor yg-pineno, y los sesquiterpenashumuleno yp-cariofileno, mientras que la corola

muestra una mayor proporcion de borneol, pero ajedoncentracion de alcanfor.
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Como ya se ha mencionado, hay muchos estudios ksoboenposicion de los aceites esenciales
de salvia espafiola, sin embargo hay muy pocatliterg bastante anticuada con respecto a los
polifenoles S. lavandulifolia Lu y Foo (2002) hicieron una amplia revision reolos
polifenoles de varias especies del gén®atvia Los compuestos polifendlicos recogidos en
dicha revision para Salvia espafiola fueron extsadi#odiversos articulos publicados entre 1974
y 1999, siendo los compuestos principales ideatifds: &cido rosmarinico, apigenina,
genkwanin, 7,4' dimetil eter, luteolina, chrysokrigspidulin, cirsimaritin, nepetin, eupatorin y

6,7,3',éter 4 'tetrametil.

10.3.3 Thymus mastichina L.

El géneroThymuspertenece a la subfamilia Nepetoidae. Este géestéoformado por un total
de 220 especies y se extiende a través de Eudasiepsta de Groenlandia, la region
Macaronésica, Africa del Norte y las montafias disiAla y Yemen (Morales, 2002). Alguna
de las especies del género son caracteristicasRieninsula Ibérica incluyendo varias especies
endémicas. La fase de floracion comienza entre anaizinio, dependiendo de la especie en
particular. La multiplicacion puede hacerse porillanpor division vegetativa, por esquejes o
por pies. Crece en clima de montafia y clima tenaptadido y es resistente a las heladas y la
sequia, pero no soporta el exceso de humedad g priecipalmente en suelos de piedra caliza
o arcillosa (Mufioz, 1987). El caliz es bilabiadttaaza entre 3 y 8 mm y los colores varian
desde la gama de verde, rojos hasta la gama deobldma corola también es bilabiada y tiene
un tamafio que varia desde 2 hasta 18 mm, el cait@ entre blanco, amarillo, rosa o puarpura.
Thymus mastichin&. perteneciente a dicha familia es una espedignaita de la Peninsula
Ibérica con hojas simples y opuestas. Las floreszégomorfas y bilabiadas y se agrupan en
glomérulos de color de blanco. El androceo tiersrovestambres externos y el gineceo tiene
un ovario dividido en cuatro partes. La polinizac&s entomdgama y las semillas se dispersan
por autocoria. Crece en suelos arenosos y siligedgeriodo de floracion se extiende desde

finales de mayo, principios de junio hasta finalegulio, principios de agosto.

Subespecies: (Morales et al. 2010)

- subsp.mastichinacuando el caliz es mayor de 5 mm; las infloresesnittenen mas de 10
mm de diametro y las bracteas son oblongo-ovadtipticas.
- Subspdonyanaecuando el caliz tiene un tamafio igual o inferiérmam. Las inflorescencia

son menores de 10 mm de didmetro y las bracteaanspimmente ovadas.
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La subespecidonyanaesélo esté presente en el suroeste de la Penibsguiea (Dofiana y
Algarve), mientras que la subespemastichinase extiende por toda la Peninsula Ibérica,

pero es menos abundante en la costa noroeste dBaBgfa costa mediterranea.

Variabilidad y estudios de composicion quimica

En cuanto a su composicién quimica, esta especiasdica en tres quimiotipos, con dos

compuestos como constituyente principales (Adzak e1977).

- El quimiotipo méas extendido es el que contienecingeol como compuesto principal.
- El segundo quimiotipo contiene linalol como compagsincipal
- El tercer quimiotipo es el intermedio con ambos poestos como principales (1,8-cineol y

linalol).

Hay muchos estudios fitoquimicos realizados sobremastichinaen lo referente a la
composicion quimica de su aceite esencial, debisio gran interés comercial. La mayoria de
los estudios se centran en la caracterizacion gaignia variabilidad de las especies y algunos
incluso estudian la composicion de las subespg8afgueiro et al., 1997). Miguel et al.
(2004b) por ejemplo, estudio la variacion quimicadiferentes etapas de crecimiento y la
variabilidad quimica entre individuos con sustrizilizado y no fertilizado. La composicién
quimica del aceite esencial no varid en las diteseretapas vegetativas, sin embargo el
rendimiento de aceite esencial fue mayor en pléradion. Respecto a los sustratos, el no

fertilizado produjo un mayor rendimiento de acesencial y un menor porcentaje de linalool.

Las diferencias de composicién entre los diferedtganos dd. mastichinaha sido estudiada
por Miguel et al. (2004a), obteniendo una compaoasidiferente para flores y hojas de distintas
poblaciones. También encontraron que el rendimidataceite esencial fue menor en las hojas

que en las flores y las hojas tenian un mayor cafdeale alcanfor.

La composicion quimica d&. mastichinatambién ha sido correlacionada con la actividad
biolégica del aceite esencial (Faleiro et al., 2002r otro lado, los porcentajes relativos de los
compuestos volatiles del aceite esencial mostraamnelacion con la humedad ambiental
(Salgueiro et al., 1997).

La variabilidad en la composicion quimica produgida el uso de distintas técnicas extractivas,
fue estudiada por Jiménez et al. (1999) observéaslaiferencias que se producian entre la

extraccion de agua subcritica continua y la hidsbideion.
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Bentes et al. (2009), estudiaron la capacidad xidaate de esta especie y con respecto a los
polifenoles deT. mastichina Gordo et al. (2012) identificaron 9 compuestoskisanetin,
sterubin, acido oleandlico, acido usolico, lutem]ins-sitosterol, acido rosmarinico, 6-
hidroxiluteolina-7-O-beta-glucopirandsido y hydragigenin-7-O-beta-glucopirandsido) y
probaron su actividad anti-cancerigena. Por otree p8anchez-Vioque et al. (2013) y Delgado
et al. (2014) estudiaron el residuo obtenido aimpae T. mastichinatras el proceso de
destilacion. La lista de los compuestos principsdesativos identificados por Sanchez-Vioque
et al. (2013) con LC-MS en residuos solidosTdanastichinaextraidos por Soxhlet y usando
extraccidén asistida con ultrasonidos fueron: queraeglucosida, luteolina glucésida, acido
rosmarinico, apigenina-7-O-glucésido, quercetimivddo de luteolina, naringenina, carnosol,
apigenina y kaempferol. Por otro lado, Delgado let(2014) encontraron en los extractos
metandlicos de los residuos estudiados, acido msioa como compuesto mas abundante

seguido de acido metoxisalicilico, apigenina, Iliteoy kaempferol.

11 AMBITO DE TRABAJO

11.1 Motivacion y finalidad

Las plantas aromaticas y medicinales se han reaadiet¢radicionalmente en su habitat natural.
Sin embargo, la recoleccion silvestre no permitetagida de material vegetal de alta calidad y
produce deforestacion, amenazando las especidecteaias. Ademas, cabe afiadir que existen
estrictas regulaciones con respecto a los estédarealidad de los compuestos volatiles. Por
otra parte, en el caso de que el material vegetlpara uso medicinal, la eficacia de las
diferentes sustancias activas, tales como poliésngl la concentracién de los mismos, puede
variar de un individuo a otro. La necesidad de etrao ejemplares de alta calidad y ponerlos en
cultivo, no sélo aumenta el rendimiento y la calidkel material vegetal recolectado sino que
también permite el desarrollo sostenible y la cora®on de la especies. También cabe afadir
que como consecuencia de la recoleccion silvdsggarametros de puesta en cultivo de estas
especies son en gran parte desconocidos. Para bascsolucién a este conjunto de problemas,
la variabilidad quimica de los metabolitos secuinday la variacidén morfoldgica deavandula
latifolia Medik., Salvia lavandulifoliavVahl. L. y Thymus mastichina. se ha evaluado con el

fin de encontrar individuos de alta calidad.

Las plantas objeto de estudio parecen tener unbzavapiabilidad morfolégica y quimica en su

hébitat natural. Esta variacion refleja la adagtacie dichas especies a los factores ambientales
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locales mostrando el grado de relacion entre ladicmnes ambientales y los genotipos de las
diversas poblaciones, asi como también ofrecemni@con acerca de la estabilidad evolutiva

de las especies.

Muchas especies han sido apenas prospectadas parqaealisis requiero mucho tiempo e
implica un largo trayecto. Sin embargo, este progesrmite clasificar el germoplasma en
grupos y ofrece la posibilidad de seleccionar |lepeeimenes o poblaciones con las

caracteristicas mas deseadas por la industriagolosumidores.

El anadlisis de esta variabilidad es la base neieepara la domesticacion y el cultivo, para la

seleccidn de individuos de alto rendimiento y potainto para la explotaciéon comercial.

11.2. Objetivos

El objetivo principal de la tesis se centra enrdlligis de la variabilidad en amplio sentido de
Lavandula latifoliaMedikus, Salvia lavandulifoliavahl. y Thymus mastichina con el fin de

seleccionar material vegetal de alta calidad.

Diferentes trabajos de investigacion se han llevaréabo para alcanzar el objetivo principal:

a) Evaluar y optimizar la metodologia necesaria flavar a cabo el analisis de la variabilidad.
b) Evaluar la variabilidad de los compuestos vidatide las poblaciones silvestres de
Lavandula latifolia Medikus, Salvia lavandulifolia Vahl. L. y Thymus mastichinal.

b) Estudiar los polifenoles y el potencial anti@fite de las poblaciones silvestred deandula
latifolia Medikus,Salvia lavandulifoliavahl. L. y Thymus mastichinh.

c) Examinar la influencia de diferentes factoresl@nproduccion de aceites esenciales y

polifenoles tales como los factores ambientalessfacionalidad o la morfologia.

11.3. Resumen tesis

La introduccién general recoge una vision gen&atae la produccion de plantas aromaticas y
medicinales y usos actuales en Castilla y LedrEsggafia y en el mundo. También incluye la
clasificaciénde metabolitos secundarios, una breve descripi@das especies de interés y los

usos y estudios previos recogidos en la bibliogrdéi las especies seleccionadas.

En el apartado de motivacién y ambito de trabajdadesis, se presentan los objetivos vy el

esquema del estudio a realizar.
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El Capitulo 1 muestra una comparacion del método clasico paeattaccion de compuestos
volatiles a partir de plantas (hidrodestilacionpn cotros métodos tales como la micro-
destilacion y extraccion con disolvente organicailfrasonidos. La hidrodestilacion es el
método utilizado industrialmente, pero requiere oreyor cantidad de material vegetal y un
proceso més largo. Con el fin de ver si los métans comparables y reducir el tiempo de
analisis y la cantidad de material vegetal necesag comparoé la hidrodestilacién con otros dos
métodos. El objetivo fue encontrar una metodolagiecuada para un estudio mas facil y rapido

de material vegetal.

En elcapitulo 2 la variabilidad de los compuestos volatiles dedoeites esenciales de varias
poblaciones silvestres de latifolia, S. lavandulifoliay T. mastichinarecogido en Castilla y
Ledn fue evaluada, estudiando también la influegei@grafica y anual sobre la composicién de

los aceites esenciales.

Cada afio se genera por la industria de la deatileri gran volumen de residuos, lo cual
constituye un importante problema medioambiental. reutilizaciébn y revalorizacion de

subproductos puede ayudar a mejorar el rendimieatmémico de las industrias de forma
respetuosa con el medio ambiente.C&pitulo 3 incluye un estudio sobre el contenido de
antioxidante de varias poblaciones silvestres.datifolia recolectadas en Castilla y Leon, asi
como también incluye el estudio de los polifenglespacidad antioxidante de los residuos que
se generan después del proceso de destilaciém yagliian ser valorizados por su contenido en

antioxidantes.

Una vez que la variabilidad quimica de las poblaesosilvestres fue evaluada, tres campos
experimentales (una para cada especie) se eswbleccon el objetivo de estudiar los
especimenes y poblaciones bajo las mismas condiiambientales. Las poblaciones fueron
elegidas tratando de mantener la maxima variallilefecontrada en las prospecciones silvestres
realizadas previamente. La variabilidad intra-poidla de las poblaciones se mantuvo
recolectando 25 plantas por poblaciéon y multiplicdas por propagacién vegetativa. Los

ensayos se establecieron en un disefio de blogaearaton tres repeticiones.
El objetivo de estos ensayos fue el de someteadastias poblaciones a las mismas condiciones

ambientales y asi poder estudiar la variabilid&eria intra poblacional desde el punto de vista

guimico y morfoldgico.
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El Capitulo 4 contiene un estudio de la variabilidad de losfeotiles de 14 poblaciones dle
mastichinacultivadas en el ensayo experimental, asi conesteldio del potencial antioxidante

y la relacion con los principales polifenoles denespecie.

El Capitulo 5 incluye un estudio de la variabilidad polifendlida siete poblaciones &alvia

lavandulifoliacultivadas en el ensayo d campo.

Con respecto a la necesidad de mejorar los pardsnafjronomicos, élapitulo 6 incluye un
estudio de la morfologia d&. mastichinaanalizando la variabilidad morfolégica entre

individuos y poblaciones.

Las conclusiones presentan los resultados generales

12. CAPITULOS

12.1 Capitulo 1: Volatile fraction differences forLamiaceae species

using different extraction methodologies.

Para lograr una caracterizacion quimica detalldo, compuestos volatiles deavandula
latifolia, Salvia lavandulifoliay Thymus mastichindueron analizados mediante GC-FID/MS.
Un total de 46, 47 y 48 compuestos fueron idemtifos erL, latifolia, S, lavandulifoliay T.
mastichina respectivamente. 1,8-cineol+limoneno resultéet@ompuesto mayoritario en las

tres especies.

Las tres metodologias de extraccion utilizadasofuehidrodestilacion (HD), microdestilacion
(MD) y extraccién con diclorometano (EX). Hidrodkstion es la técnica mas comun utilizada
para la extraccion de compuestos volatiles, y éédaica aceptada por la Farmacopea Europea
para comercializar aceites esenciales. Sin emblrgantidad de material de una Unica planta
es a veces demasiado pequefia para su hidrodéstjlgda hidrodestilacion de un gran numero
de muestras requiere mucho tiempo. MD y EX sonitésnque necesitan menos tiempo de
procesado y menos cantidad de muestra, por lougeep ser Utiles para ejecutar programas de
seleccion. Los programas de seleccion son herréasiesenciales para encontrar ejemplares de
alto rendimiento que puedasn maximizar el benefigiondmico. Para llevar a cabo dichos

programas de seleccién, un gran nimero de muekthasser analizado.
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Diferentes métodos de extraccion producen genenddmezambios en la composicion volatil.
Para poder utilizar las técnicas de MD y EX y podeortar asi el tiempo de andlisis y el
volumen de muestra, los cambios que se producda eomposicion quimica de las distintas

extracciones deben ser estudiados.

La cantidad de compuestos volatiles obtenida saf@ctada por el tipo de método utilizado y
por las especies analizadas, es por ello §uéavandulifoliaprodujo una mayor cantidad de
compuestos con EX, mientras gliemastichinalio lugar a una mayor cantidad de volatiles con
MD. Por otra parte, HD produjo una cantidad de asesfos volatiles significativamente menor
para las tres especies. Con el método HD se ohineomayor cantidad dépineno. MD
produjo una mayor proporcion de 1,8-cineol+limoner®e realizé una funcion de
discriminacién candnica utilizando los dos compoesias predecibles en cada método y

revelando de este modo las técnicas utilizadasqaal@a especie.

12.2 Capitulo 2: Variabilidad en la composicion dehceite esencial de
poblaciones silvestres de Labiadas recolectadas Espana

Los aceites esenciales de 11 poblacione§danus mastichinglL.) L., 10 poblaciones de
Salvia lavandulifoliavahl y 12 poblaciones deavandula latifoliaMedik., recogidos en plena
floracion en su habitat natural durante 3 afios42@010 y 2011), fueron analizados por GC-
FID/MS con el fin de de estudiar la variabilidadtrenlas distintas poblaciones, asi como
también la influencia del afio de cosecha en la osion del aceite esencial. Se utilizd
ANOVA de un factor para el estudio de la influend@ tipo de poblacion de origen y del afio
de la cosecha. Ademas también se realizé un AsdéeiComponentes Principales (ACP) en el
cual se utilizaron los compuestos principales dedspecies de estudio como conjunto de

observaciones para cada especie.

Para la especid. mastichina tpdas las muestras fueron quimiotipo 1,8-cineol,58%-
68,82%), sin embargo, el contenido de linalol nbsin rango de variacion importante (1,16 a
10,24%). 1,8-cineol (6,21-33,69%), alcanfor (2,2542%) ypg-pineno (5,11 a 19,85%) fueron
los principales compuestos pdsa lavandulifolia mientras que 1,8-cineol (30,57-54,09%) vy
linalol (15,82-45,94%) lo fueron para los aceitesreiales de. latifolia. Las poblaciones dE
mastichinay deS. lavandulifoli@ e agruparon principalmente en el ACP en funcilrodgen

de la poblacién mientras que pardatifolia, las poblaciones no mostraron apenas agrupacion

poblacional.

157



T. mastichinafue la especie menos influenciada por los fact@ebientales, mostrando
principalmente diferencias entre poblacion8s.lavandulifoliamostré pequefias diferencias
entre campafias de recoleccion mientras que lasreggiferencias se dieron en funcion del
origen de la poblacion. Por el contrario,leratifolia se observaron mayores diferencias en la
composicion volatil en funcién del afio de cosechaque también se observé variabilidad

genotipica.

En conclusion, la variabilidad de la composicioh ateeite esencial de las especies estudiadas
esta principalmente influida por el tipo de pobdacpor lo que los factores genéticos tienen un
mayor efecto que los factores ambientales. Sin sgobdos factores ambientales también

influyen en la composicién de los aceites esergialgor tanto, deben ser tenidos en cuenta.

12.3 Capitulo 3: Subproductos de la destilacién daceites esenciales de

Lavandula latifolia como fuente de antioxidantes

La industria dedicada a la destilacion de aceges@ales genera cada afio un gran volumen de
residuos, lo cual es un importante problema amalielnd reutilizacion y revalorizacion de estos
subproductos pueden ayudar a mejorar el rendimiecomomico de las industrias de forma

respetuosa con el medio ambiente.

El objetivo de este trabajo fue evaluar las proguled antioxidantes de los residuos de
Lavandula latifoliaobtenidos después de destilacion del aceite edehes muestras de 12
poblaciones silvestres deavandula latifolia fueron recogidas durante 2009 y 2010, fueron
hidrodestiladas y extracciones metandlilcas desabproductos fueron analizados utilizando el
método de Folin-Ciocalteu (contenido en fenolealés), el método de captura de radicales
libores (DPPH) y el método del poder antioxidantelustor de hierro (FRAP). Acido
rosmarinico, apigenina y luteolina fueron idenéifios y cuantificados por cromatografia de
liquidos (HPLC) con detector Diodo Array (DAD) cehobijetivo de correlacionar el contenido

en dichos polifenoles con la capacidad antioxiddeteesiduo.

La media del contenido de fenoles totales oscéd1¢B9+0,09 mg equivalentes de &cido
gélico/g de peso seco hasta 3,54+0,22 mg equiealetd acido galico/g de peso seco. El valor
medio de la concentracion activa de sustancia gusécel 50% de la respuesta maximas@EC
para el método DPPH varié desde 5,09+0,17 mg/mtahk430+1,90 mg/mL y la variabilidad
de la EGy en FRAP oscil6 de 3,72+0,12 mg/mL hasta 18,55+ gfnL. Como resultado se

obtuvo que la variabilidad de las muestras fueateplebida a la variacién anual, encontrando
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que las condiciones ambientales de 2009 fueronfawisables respecto a la produccion de
antioxidantes. Las plantas recogidas en Sedanoranmstel mayor poder antioxidante. Los
resultados mostraron que el &cido rosmarinico gpigenina contribuyeron a las propiedades
antioxidantes de los residuos He latifolia. En conclusion, el subproducto de la industria

destiladora podria valorizarse como fuente de sidtmtes naturales.

12.4 Capitulo 4: Contribucion de los principales plifenoles delThymus

mastichina subsp.mastichinaa sus propiedades antioxidantes.

La actividad antioxidante y el contenido de polifies de muestras procedentes de plantas
individuales pertenecientes a 14 poblacione§idgnus mastichinaultivadas en una parcela
experimental, fueron analizadas por los métodd3RieH, FRAP y Folin-Ciocalteu para definir
su actividad antioxidante. Ademas, los polifendiesron analizados por HPLC/DAD y se
establecié una relacion entre polifenoles y cagatiahtioxidante. A lo mejor podrias incluir

minimamente el andlisis stad’sitico que se hizo

La capacidad de captacion de radicales libres (DRBID para las distintas poblaciones desde
44 hasta 98 mg equivalentes de Trolox (TE)/g deen@ateca (MS), mientras que el poder
eductor (FRAP) oscil6 de 52 a115 mg TE/g MS. Eltenitlo de fenoles totales vari6 entre 11y
38 mg de equivalentes de &cido cafeico (CAE)/g M$adas diferentes poblaciones. Los
polifenoles identificados fueron: &cido clorogéniéoido cafeico, acido rosmarinico, glucosido
de luteolina y luteolina. Los principales polifeeslfueron el 4cido rosmarinico, que oscilé de
1,7 hasta 43 mg/g MS, un polifenol no identificadiesighado como Pico 3 (0,53-15 mg
equivalentes de luteolina (LE)/ g MS) y el gluc@sidk luteolina que varié desde 0,96 hasta 19
mg LE/g. El &cido rosmarinico contribuy6 principalme alpoder reductor FRAP y a los
fenoles totales, mientras que el pico 3 contribprydcipalmente a la capacidad de reduccién de
radicales libres DPPH. La luteolina, el 4cido cfgoico y el acido cafeico presentaron un
rango de variacién de 0-2,7; 0,07-2,2; 0-0,46 n\&) respectivamente. El estudio mostrd
una alta variabilidad intra-poblacional y sobreaasha gran variabilidad inter-poblacional. La
poblacion de Carrocera tuvo la mayor actividadaxidante y el mayor contenido de fenoles

por lo que podria ser seleccionada entre las deamds fuente de antioxidantes naturales.
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12.5 Capitulo 5: Variabilidad en el perfil polifendico de Salvia
lavandulifolia Vahl.

Salvia lavandulifolia Vahl. es un arbusto perenne perteneciente a lalidaramiaceae
caracteristico del oeste mediterranea y divididaiano subespecies: lavandulifolia, oxyodon,
blancoana, vellerea y mariolensis (Saéz et al.QRMEn medicina popular y fitoterapia esta
especie se utiliza por sus efectos espasmolitamisjidad antibacteriana (Baricevic y Bartol,
2000), propiedades hipoglucemiantes (Jiménez,et386.; Zarzuelo et al, 1990) (Cabo J et al.,
1986) ademas de tener eficacia en el tratamienta dafermedad de Alzheimer (Perry et al.,
2001) por ser un potenciador de la memoria (Tikdest al., 2003) debido a la inhibicion de la

enzima acetilcolinesterasa.

A diferencia de los numerosos estudios sobre |@stesc esenciales d8. lavandulifolia
(Herraiz-Pefalver et al, 2010;.. Porres-Martinealet2014; Usano-Alemany et al, 2014A,;..
Usano-Alemany et al, 2014b), existe muy poca ygantibibliografia sobre la variabilidad
polifendlica de esta especie (Adzet et al, 1988afiigueral et al., 1989; Escudero et al,
1983).Sin embarg®&. lavandulifoliapresenta la ventaja de no tener tuyonas o tendrajm
ccontenido (<2%) de y B-thujones (Mathe, et al. 2006; Guillen, et al. 1996rraiz-Pefalver
et al, 2010; Perry et al, 2000). De modo que sestggcomo infusion o para su uso medicinal

podria ser mas benificioso debido a la toxicidael ppesentan las tuyonas.

El perfil de polifenoles de 86 muestras pertengegera 7 poblaciones espafiolas Sle
lavandulifoliacosechadas en un ensayo experimental, establecidartat de poblaciones
silvestres, fue estudiado por cromatografia liquidaalta eficacia de fase reversa con detector
Diodo Array (HPLC-DAD).

El 4cido rosmarinico (6-43 mg/g) y la luteolina-7gldcosido (0-36 mg/g de materia seca
(MS)) resultaron ser los compuestos principalegideas muestras. Acido clorogénico (0,08 a
1,7 mg/g MS), acido cafeico (0,11 a 1,2 mg/g MP)genina-7-O-glucosido (0,08 a 2,3 mg /g
MS), luteolina (0 a 0,92 mg/g MS), genkwanin (0-58/g MS), acido betulinico (0-3,5 mg
equivalentes de acido rosmarinico (RAE)/g MS) ydactarndsico (0-0,7 mg RAE/g MS)

también fueron identificados.

Los resultados fueron analizados mediante unaimis@cion candnica y la figura resultante
mostré que todas las poblaciones presentaron geiféindlicos caracteristicos. El andlisis de

varianza (ANOVA) demostré que la variabilidad erpablaciones fue siempre mayor que la
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variabilidad dentro de las poblaciones y algunammeestos resultaron ser caracteristicos de

cada poblacién y por tanto relacionados con sweorggogréfico.

La capacidad antioxidante fue analizada mediaete rmetodologias: el contenido en fenoles
totales fue analizado a través del método de Kiilicalteu, el método de captacién de
radicales libres (DPPH) y el método del poder aidente reductor de hierro (FRAP), con el
objetivo de correlacionarlos con los perfiles mmiiflicos de las poblaciones. Los distintos
coeficientes de correlacion de Pearson entre poliés detectados y metodologias
colorimétricas mostraron que los compuestos cantdtbn de manera diferente a las

propiedades antioxidantes de la especie.

12.6 Capitulo 6: Variabilidad de caracteristicas mdologicas de

poblaciones derhymus mastichina

Thymus mastichinéL.) L. es una especie endémica de la Peninséf&ctby una de las especies
mas recolectadas en Espafia de forma silvestre spam@so industrial. A pesar de la gran
cantidad de posibilidades para el uso Te mastichinasubsp. mastichinacomo cultivo
industrial, el cultivo esta casi ausente y no seehfizado ninguna seleccion de material vegetal.
Para identificar los caracteres mas Utiles y disioatorios y para estudiar la variabilidad
morfolégica de mejorana espafiola, se han estudiadotal de 16 poblaciones recolectadas en
2011 y 2012 cualtivadas en una parcela experime®@l han estudiado un total de 20
caracteristicas morfolégicas (15 cuantitativas guélitativas) las cuales fueron utilizadas para
su caracterizacion. Un analisis de varianza, unlisihdde componentes principales y
correlaciones entre los caracteres morfologicdsc@®o un analisis cluster se han llevado a

cabo para el andlisis de los datos.

La variabilidad intra e inter-poblacional fueroragisticamente muy significativas para todos
los caracteres cuantitativos, revelando que lacéspeenta con un gran polimorfismo. Por otra
parte, la variabilidad entre las poblaciones fueyanaque la variabilidad dentro de las
poblaciones mostrando que las poblaciones cuentamia distincidn morfolégica entre ellas.
El nimero de flores del capitulo, el nimero detagd por rama, la relacion longitud/anchura
de la bractea, y la anchura de las bracteas fuesocaracteres que mas variacion presentaron.
Los rasgos mas valiosos para la caracterizacigoriues relacionados con la forma y tamafio
de las bracteas, hojas y capitulos. Los rangosadi@cion morfolégica de los ejemplares
cultivados objeto de este estudio, fueron comparadm especimenes silvestres cuyos datos

estan recogidos en bibliografia, mostrandoque dgastde especimenes cultivados, las bracteas
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y las inflorescencias son ligeramente mas grandedag de especimenes silvestres y ademas
los ejemplares cultivados mostraron menores tamedgosalices y corolas. El el andlisis de
cluster ordeno las poblaciones en cuatro grupcs pbalaciones del grupo tres (CLM4, TM23

y TMA43) destacaron por tener unos capitulos masdgs por lo que podrian ser mas
productivos para la extraccion de aceite eseneidbdjue las flores contienen mayor cantidad

de aceite esencial que las hojas.

13. CONCLUSIONES

Como conclusion general, este estudio demuestraxjsie una alta variabilidad en las especies
estudiadas. Esta variabilidad es diferente depeddiede la especie y de las variables
analizadas. De este modo, se ha observado quedailrdad encontrada en SL es mayor que la
variabilidad encontrada en TM y LL. Debido a lastencia de esta gran variabilidad, queda
demostrado por tanto, la posibilidad de seleccionganismos con caracteristicas y cualidades

de alta calidad que permitan aumentar la produccigue puedan ser comercializadas.

En primer lugar, para llevar a cabo este estudi@capitulo 1 muestra una comparaciéon de
diferentes métodos de extraccién y su idoneidad pada especie. Dependiendo de la especie
estudiada, el uso de distintas metodologias diarlagesultados diferentes en la composicion
de la fraccién volatil. TM y LL mostraron pocas alincias entre las metodologias de
extraccidén, mientras que en SL se observaron diéeae importantes al utilizar el método EX.
Algunos compuestos volatiles no mostraron dife@ncsignificativas entre los distintos
métodos utilizados mientras que otros mostraromagior rendimiento con una metodologia

concreta.

En el capitulo 2 se evaluaron poblaciones silvestres, encontrandolas factores genéticos
fueron méas importantes en TM y SL que en LL. Estadto concluye que la mayor parte de la
variabilidad encontrada en la composicion de Vekatiel aceite esencial esta relacionada con el
componente genético propio de cada especie, loveualpermitir seleccionar material vegetal

con propiedades idéneas para la industria.

En cuanto a la variabilidad encontrada en el ppdiifendlico y en la capacidad antioxidante, el
genotipo es también un factor determinante. Enviduacion de estas caracteristicas sobre
poblaciones silvestres de espliegaitulo 3) queda patente que unas poblaciones presentan
mejores caracteristicas antioxidantes que otrasigled forma, en el estudio de poblaciones

cultivadas de TM dapitulo 4) y SL (capitulo 5 se observa que el perfil polifenélico es
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caracteristico de cada poblacion, asi como lasigmages antioxidantes que este perfil les
confiere. Al mismo tiempo, queda demostrado ensesims capitulos que la variabilidad
intrapoblacional es también importante, y un faetéener en cuenta en los futuros procesos de

seleccidn necesarios para domesticar estas especies

Por otro lado, los resultados obtenidos eraelitulo 3, destacan la posibilidad de que el residuo

hidrodestilado pueda ser revalorizado y utilizadme fuente de antioxidantes naturales.

Se estudid también la influencia de los factorebiantales sobre la variabilidad de estas
especies. En los capitulos 2 y 3 se estudi6 elaethd afio de recoleccidn sobre la composicion
quimica del aceite esencigbfitulo 2) y sobre las propiedades antioxidantes y el cahdegn
ciertos polifenoles dapitulo 3), encontrando que, aunque en menor proporcidén lgue
componente genética, los factores ambientales émitiénen efecto sobre la composicion
quimica de estas especies, y que las diferentdagbmiies no responden de la misma forma a
las variaciones anuales. Estos resultados ponemaddiesto la necesidad de tener en cuenta la

influencia ambiental en el proceso de selecciéestias plantas.

Por dltimo, la morfologia también present6 unaaldlidad importante como se muestra en el
capitulo 6. En el proceso de domesticacion de las espeaeslversidad genética entre
germoplasma juega el papel mas importante, ya lopgeeh camino para seleccionar los mejores
ejemplares. La variabilidad fenotipica de las dia8 poblaciones puede tener consecuencias
importantes sobre la biomasa y la produccion deeaesencial. Este estudio concluy6 que los
caracteres morfoloégicos que presentaron mayor hiidad en Thymus mastichingestan
relacionadas con el tamafio de las hojas, las lsgtel capitulo. Estos caracteres influyen en
el desarrollo de la biomasa y la produccion detacesencial. Los programas de seleccion
genética deben buscar especimenes con ramas, irdjetgas, flores y capitulos mas grandes.
Por otro lado, el tamafio de la hoja no esté ratacio con el tamafio del capitulo, de modo que
seria posible obtener plantas con hojas y capitabis grandes. En vista de la alta recoleccion
silvestre de esta especie vegetal en particulastablecimiento de cultivos de mastichinaen

Espafa podria ayudar con el desarrollo sostengbsth especie promoviendo su conservacion.
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Annexed I: Lamiaceae photography's.

a.l) b.1) | c.l) .1 e.l) £1)

£2)

a.1): Thymus mastichina inflorescence, bl): T. mastichina leaves, c1) Samples of 7. mastichina with yellow stems,
d1) Samples of 7. mastichina with red stems, el) and f1) seeds of T mastichina.

a2): Salvia lavandulifolia inflorescence, b.2): S. lavandulifolia tetrachaenium detail, c.2): Salvia lavandulifolia
verticilaster, d.2): S. lavandulifolia leaves, ¢.2): S. lavandulifolia bracts, f.2): S. lavandulifolia inflorescence,
g.2): S. lavandulifolia seeds.

a.3): Lavandula latifolia inflorescence, b.3) and c3): L. latifolia leaves, d.3) L. latifolia verticilaster, e.3): L.
latifolia shrub, £.3): L. latifolia seeds.
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Anex. 2 Structural formula of the secondary metabates studied
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b. Main polyphenols

b1) Phenols

H !COF H
I G

CH o H H;C C-g
Rosmarinic acid Acido cafeico Acido clorogénico Cariwoscid Carnosol
C18H 160 8 CQH 804 C16H 1809 CZOH 2804 CZOH 2604

b2) Flavonoids

Luteolina Apigenina

C15H 1006 15610

o 0 | A
-~ \AOI/@ HO]O/\\)LOH e LY =
HO'J\]V/J/ HO T H'DH E/}\l J/ \/\;ﬁﬁo‘zj/

166



ACKNOWLEDGEMENT

Aungue una tesis la entrega una sola persona, esaédad la suma del trabajo de muchas
personas. Es por ello que quiero agradecer a fodague han colaborado aportando su ayuda,
Su tiempo y su conocimiento.

En mi primer lugar quiero agradecer a mi directoraCarmen Asensio Sanchez-Manzanera

por haberme elegido para esta dura a la par quidicgnate tarea. Quiero darle las gracias a

INIA por habernos aportado la financiacién econ@miecesaria para llevar a cabo este estudio
asi como también quiero agradecer al Prof. Dr. lues Novak por haberme acogido durante

mis estancias en su laboratorio y haberme ofresiidoonsejo cuando lo he necesitado. Gracias
también a la Dr. Silvia Sponza por su esfuerzo.

Quiero darle las gracias a mis compafieros de dapanto por haberme ayudado y ensefiado en
la multiplicacion y el cuidado de los ensayos. @indar nuestros ratos de café, los chistes de
Laura, las bromas de Javi y de Hugo y los consigogoli y de Almudena.

Muchas gracias Dr. Baudilio Herrero Villacarta pgmbernos ayudado codo a codo y haber
estado disponible siempre que lo hemos necesitado.

Quiero agradecer también la colaboracion aportadeDp. José Antonio Pereira y Dr. Silvia
Pérez Magarifio que me ha resultado de gran ayuda.

Gracias a Mona Scharft por su amistad y su compdiiiante mis 3 estancias en Viena y a
Arianna de Mori por los buenos recuerdos que me ksadltima estanciaCombattiamo
all'infinito. Combattiamo senza curarci di quantdo @osta, delle sconfitte che incassiamo,
dell'improbabilita del successo. Combattiamo filbukdimo respiro. Non & una questione di
coraggio. L'incapacita di arrendersi € un dato ctiesiale. Forse € semplicemente stupida fame
di vita" Yann Martel (La vita di Pi).

Muchas gracias a Barbara Knowles por haber leidoeptemente todos los documentos y
haberme aconsejado con la gramética.

167






