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AGRICULTURAL AND
FOOD CHEMISTRY

Watering Level Effect on Thymus hyemalis Lange Essential Oil
Yield and Composition
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30150 La Alberca (Murcia) Spain, and National Institute of Agricultural and Food Research and
Technology (INIA), Carretera de la Corufia Km. 7, 28040 Madrid, Spain

Thymus hyemalis Lange (chemotype thymol) was cultivated as an experimental crop under different
watering level conditions in order to achieve 80, 60, 40, and 20% of the local potential evapotranspira-
tion (Eto). Two harvesting periods were considered, winter and spring. As a consequence of the
great variability among plants, essential oil yield percentages did not show statistically significant
differences among seasons and different levels of water supply. Capillary GC-MS analysis of the
essential oils permitted the detection of 84 volatile components. Among them, 54 are described for
the first time as volatile constituents of the chromatographic profile of this Thymus species. Winter
harvesting showed high concentrations in thymol percentage (25.92 + 4.39), the 40% Eto watering
level being the best with respect to obtaining the optimum quality of this essential oil. However, in
spring this thyme species needs a greater water supply (80% Eto) to achieve the same amount of
thymol in the essential oil (29.20 + 2.83). From this, it was concluded that winter harvesting could be
used for the extraction of the essential oil, with a low level of water supply, whereas spring harvesting
could be employed for collection of leaves as a food condiment.
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INTRODUCTION antifungal and antibacterial activities presenfimymusgenus
essential oil have been demonstrated by several researchers (
throughout Europe, Asia, Africa, and Greenland. It is widely 14). Theant|o?<|da}nt activity of the essential oll agalnst_ the
. . . . . ._thermal autoxidation of lard has been demonstrat&q, @nd it
extended in the Iberian peninsula, most species being endemic . .
has been shown that a dietary supplementation of thyme

Ecological and botanical interest in thesa specie_s has beenygsential oil could address the unfavorable antioxidpnd-
remarked upon by several researchers3)l Because of its great oxidant balance that occurs with age (16)

floristic an h nic richn h h rn Iberian . . . .
oristic and phytogenic richness, the southeaste beria Thymus hyemalisange, winter thyme, is an endemic shrub

peninsula has the richest spontaneous aromatic plant flora in th theastern Iberi nsul v i 4 d
Europe (4). This situation has allowed for the establishment of over the southeéastern fberian peninsuia, mainly in and aroun
Alicante, Murcia, and Almeria. This plant is normally present

an important production and exporting industry based on the " -
harvest of wild aromatic plants. This type of harvesting supposes in siliceous and calcareou_s extensmns,_ from sea Ievel_ t6-400
a great commercial and ecological inconvenience, as a conse-_700 m above sea level. If[ 1S able to resist long dry periods, but
guence of the great heterogeneity among the chemical composi-'tS winter flowerlng ;ondltlon (No_vember through May) does
tions of the final products and a lack of control of the level of not allow it to grow in areas having very cold weather.
production. On the other hand, when harvesting is performed The chemical variability of the essential oil from wilel
by pulling up the whole plant, physical damage is caused to hyemalisof the southeastern Iberian peninsula has been reported
the soil with subsequent erosion risk&).( (2, 17-23). These researchers stated that thymol, carvacrql,
Aromatic plants and their essential oils rich in aromatic and Porneol, and linalool were the chemotypes most abundant in
flavoring chemicals are used in cosmetics and pharmaceuticalthis area. Recent studies fromeza3) have shown a complex

products and as flavor ingredients in food produsissj. The chemical composition of som&hymusspecies in the south-
eastern lberian peninsula, as a consequence of the edaphic and

_ bioclimatological conditions, the ecological variability leading
* Author to whom correspondence should be addressed (e-mail

mariaj.jordan@carm.es; telephoh84 968-366765; fax-34 968-366792). to a chemical variability.
TMurcian Institute of Investigation and Agricultural Development Due to the high demand for thyme essential oil and the great

The genus’hymuss composed of-150 species, distributed

(IMIDA). o . o ) . I
s National Institute of Agricultural and Food Research and Technology Variability that it exhibits, the next step in our investigation was
(INIA). to cultivate different species of the gentlsymusunder different
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Thymus hyemalis Lange Essential Oil

water supply conditionsAs far as we knowThymus hyemalis

Lange has not been cultivated before as a commercial crop.

For this reason, the goal of this study was to determine how
the watering level affects the yield and composition of The
hyemalisessential oil in order to be able to provide information
on optimum cultivation conditions to commercial growers.

MATERIALS AND METHODS

Crop Experimental Design. This study was performed in an
experimental area of the IMIDA (Murcian Institute of Investigation
and Agricultural Development) at Torreblanca (3% N, 0° 54' W,
and 30 m above sea level) in the region of Murcia (Spain). Soil texture
in the first 30 cm of the cultivation area can be defined as clayey, with
a composition of sand (14.41%), silt (33.98%), and clay (51.61%). This
soil shows a field capacity of 39% (by volume) and a wilting point of
21%. Semiarid climatic conditions are characterized by an annual
average temperature of 18€ and an average rainfall of 308.3 mm/
year.

To study the effect of the irrigation level on thyme essential oil
production, an assay having four blocks and four experimental
replications was designed.

Each replication area had two lines of drip irrigation polythene tubes
and a total of 140 plants, receiving different amounts of water. These
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Figure 1. Essential oil yield percentage of T. hyemalis Lange under
different water supplies in both harvesting seasons [(light line) winter;
(heavy line) spring].

n-alkanes), compared with those of known compounds and by
comparison of mass spectra using the NBS75K library (U.S. National
Bureau of Standards, 1986) and spectra obtained from the standard
except for tricyclenep-thujene, verbenene, thujol, pinocarvone, and
spathulenolwhich were tentatively identified considering only the
NBS75K library spectra. Percentage compositions of samples were
calculated according to the area of the chromatographic peaks.

amounts were calculated to achieve 80, 60, 40, and 20% of the area Statistical Analysis. For comparison of the mean values of each

evapotranspiration (Eto). Actual values achieved corresponded to 83,

66, 47, and 34% of the Eto in winter and 77, 61, 42, and 29% in spring.
The annual Eto of the cultivation area wad200 mm.
Cultivated land was covered with black plastic to ensure that the

component in the essential oils, Studerttest was used.

RESULTS AND DISCUSSION

water received by the plants corresponded to the chosen watering levels. - Colloquially, T. hyemaliss known as winter thyme. However,

Plant Material. Commercial seeds of. hyemalisfrom Almeria

this thyme has the physiological characteristic of exhibiting two

(Spain) were germinated and the plantlets grown under greenhouseﬂo\,\,ering stages per year (winter and spring) when it is watered

conditions for 3 months. All of the plants were transplanted in the
experimental area in May 2000 and received an initial watering.

Two harvesting periods were considered, February and May (2002),

when this species is between the phenological stages of full bloom

and harvested in winter. For this reason, in the present study,

these two harvesting periods have been considered.

Essential Oil Content. Essential oil yields obtained from

and the beginning of fructification. Four plants from each watering Winter and spring harvestings did not show statistically signifi-
treatment were harvested, making a total of 16 plants per season. Beforecant differences among percentages calculated on a dry matter

the essential oil extraction, plant material was dried, in a forced-air
dryer, at 35°C for 48 h, until it reached a constant weight.
Essential Oil Extraction. Aerial parts of individual plants were

basis. Similar results were obtained from the watering effect
study, because the supplementation of water did not change the

yield percentage of essential oil. No statistically significant

steam distilled for 3 h using a Clavenger-type system. The oil volume gjtferences were detected among valudsggre 1). This

was measured directly in the extraction buret. Samples were dried with

anhydrous sodium sulfate and kept in amber vials atC4 until

chromatographic analysis. Yield percentage was calculated as volume.

(milliliters) of essential oil per 100 g of plant dry matter.
Gas Chromatography.Samples of 0.LL were subjected to analysis

behavior was not observed by Letchamo et 24)(in Thymus
vulgaris L., because the essential oil yield is influenced by light

intensity and water supply. For these researchers, the content
of essential oil decreased significantly ¢ 0.01) when the

by capillary gas chromatography. A Hewlett-Packard 5890 gas chro- Plants were supplemented with different levels of water under

matograph (GC) (Palo Alto, CA), equipped with a flame ionization natural light growing conditions. The speci&swulgaris has

detector (FID) and a 30 nx 0.25 mm HP-5 (cross-linked phenyl-  been studied by several researchers. It is a homogeneous thyme

methyl siloxane) column with 0.2&m film thickness (Hewlett-Packard,  with less variability among individual plant®%), unlike T.

Palo Alto, CA), was used for this study. The FID and the injector were hyemalis, a species that, according to our knowledge, has been

maintained at 280 and 25C, respectively. Helium was used as carrier previously cultivated only by Sotomayd®)(and presents a great

gas, the flow through the column was 1 mL/min, and the split ratio variability of composition among plants.

was set to 100:1. The column was maintained at’@0for 4 min, L 0

increased to 64C at a rate of 1°C/min, then increased to 15% at . O'_l yields (v/w) ranged from 3.64- 0.43 to 4'61'_‘; 1‘15_/0

a rate of 2.5C/min, and finally raised from 155 to 25C at arate of 1N Winter and from 2.83+ 0.46 to 3.63+ 0.60% in spring

5 °C/min. (Figure 1). These yields are richer than others reported by
For the identification of the compounds, retention times and retention Several authors in this and other thyme varieties. Thus, Soto-

index were confirmed with commercially available standard compounds mayor (2) reported the essential oil yield percentage obtained

(Acros, Fisher Scientific S.A., and Sigma Aldrich Quimica S.A.). from a domestic crop off. hyemalisduring three years of
Mass Spectrometry Analysis.The identification of volatile com- harvests (from 1991 to 1993) For this work under dry land

ponents in thyme essential oil was also made by gas chromatography conditions, the oil yield ranged from 0.3 to 0.7% (v/w) calculated

mass spectrometry (GC-MS). For this portion of the work, a Hewlett- o, 5 gy weight basis. Climatic conditions related to the annual

Packard 5890 series Il Plus gas chromatograph (GC), equipped with a ;)| of the cultivation area used by Sotomay2y ¢ould be

30 mx 0.25 mm HP-5 column with 0.2&m film thickness, was used. d to the 20% of Et lied i tudv. Th

The GC was linked to a Hewlett-Packard model 5972 mass s,pectrometrycgmpare 0 the 0 0 0 applie '|n our study. . ese

detector. The chromatographic conditions were identical to those useddifférences between yields could be attributed to the different

for GC analysis. sources of wild seeds (Cartagena and Almeria) and to differing
Qualitative and Quantitative Analysis. The individual peaks were ~ maximum and minimum annual temperatures in the two areas.

identified by retention times and retention index (relative to-Ci7 According to Letchamo et al26), environmental conditions
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Table 1. T. hyemalis Essential Oil Composition, Winter 20022

watering level

component R 80% Eto 60% Eto 40% Eto 20% Eto
hydrocarbons
m-xylene 867 0.02+0.01ab 0.03+0.02b 0.01+0.00a 001+0.01la
tricyclened 929 0.03+0.04a 0.02+0.01a 0.02+0.02a 0.03+0.04a
a-thujened 940 0.95+0.08a 134+0.65a 096+0.13a 0.58+0.06 a
a-pinene 949 0.58+0.40a 0.84+107a 132+0.75a 1.68+1.66a
camphene 969 111+132a 044+019a 050+0.71a 126+145a
verbenened 976 0.05+0.00a 0.04+001a 0.06 £0.02a 0.06 +0.03 a
sabinene 1001 022+0.26a 0.18+0.16 a 023+0.26a 031+03la
p-pinene 1007 024+0.27a 0.30+0.16a 0.16+0.12a 026+0.23a
myrcene 1026 0.75+0.37a 0.90+0.03a 095+0.18a 0.74+0.08a
o-phellandrene 1042 015+0.01la 0.19+0.02a 0.19+0.03a 0.15+0.03a
As-carene 1048 0.06 £0.01a 0.07x0.01a 0.06 £0.01a 0.05+0.01a
o-terpinene 1058 128+0.01la 183+054a 200+0.75a 154+0.70 a
p-cymene 1068 26.67£13.72a 2429+283a 2541+546a 22.28+6.92a
limonene 1073 0.87x0.12a 0.85£0.32a 0.93+0.74a 128+0.75a
ocimene 1086 0.02+0.02a 0.01+0.02a 0.03+0.05a 0.02+0.02a
y-terpinene 1109 10.81+2.18a 13.37+253a 1758 +4.96 a 12.85+4.19a
terpinolene 1141 0.16£0.07a 0.29+0.23a 025+021a 0.35+£0.27a
a-copaene 1378
(E)-caryophyllene 1419 0.80+£0.28a 123+048a 1.08+0.80a 091+0.71a
calerene 1432 trca tra 0.01+0.01a
aromadendrene 1440 0.06 £0.05a 0.10+£0.08a 0.05+0.03a 0.08£0.06 a
a-humulene 1457 0.04+£0.01a 0.05+0.03a 0.04 £0.03a 0.09+0.12a
alloaromadendrene 1465 0.09+0.02a 0.08£0.03a 0.08+£0.04a 0.12+0.15a
valencene 1510 0.16+0.06 a 027+0.15a 034+0.26a 0.76+0.46 a
o-cadinene 1553 0.04+0.02a 0.13+0.05b 0.08 +0.06 ab 0.02+0.03a
alcohols
1-octen-3-ol 1009 0.26 +0.06 a 0.18+0.14a 027+0.17a 012+0.10a
3-octanol 1031 011+0.07a 0.04+0.07a 0.02+0.03a 018+0.19a
2-octanol 1037 trab tr bc 0.01£0.00c
thujold 1095 021+0.27a 0.04+0.03a 044+0.79a 0.06+0.04a
(E)-sabinene hydrate 1116 062+0.18a 129+152a 2.00+3.06a 178 +2.62a
octanol 1123
(2)-sabinene hydrate 1151 0.17+£0.07a 174+277a 0.29+024a 0.43+0.67a
linalool 1152 219+0.05a 158+138a 0.89+0.60a 8.63+8.88a
fenchol 1163 0.06+0.05a 0.03+0.05a 0.08 +0.06 a 0.02+0.02a
(E)-pinocarveol 1186 0.03+0.01a 0.15%0.12 ab 0.03+0.0la 0.20£0.080b
(2)-verbenol 1188 0.16 +0.06 a 0.13+0.03a 0.18+0.05a 0.05+0.10a
(E)-verbenol 1193 0.81+0.30 ab 046+0.30a 0.92+0.20 ab 1.18+0.31b
isoborneol 1203 0.01+0.00a tra 0.01+0.00a 001+0.01la
borneol 1213 309+399a 0.38+043a 139+243a 3.76+4.40a
terpinen-4-ol 1220 047+0.18a 148+177a 152+189a 231+378a
p-cymen-8-ol 1227 0.29+0.02b 0.11+0.09a 0.22 +0.06 ab 0.24+0.05b
a-terpineol 1231 471+6.35a 0.57+£029a 0.59+0.38a 0.69+0.56 a
carveol 1252 034+048a 048+0.40a 0.75+0.70 a 0.06+0.02a
nerol + citronellol 1260 0.04+0.02a 0.02+0.01la 0.04+0.05a 0.03+0.02a
geraniol 1280 tfra tra tra tfra
isoeugenol 1451 0.02+0.01a 0.07+0.09a 0.03+0.03a 0.03+0.02a
spathulenold 1640 025+0.11a 0.28+£0.08a 032+0.10a 0.46+0.13a
aldehydes
nonanal 1157 0.03+£0.00a 0.04£0.03a 0.08+0.05a 0.02+0.02a
citronellal 1201 tra tra
decanal 1243 002+0.01la 0.03+0.02a 0.02+0.0la 013+0.23a
neral 1270 0.02+0.02a 0.03+0.0la 0.04+0.02a 0.04+0.03a
perilla aldehyde + geranial 1291 0.05+0.03a 0.04 £0.03a 0.05+0.07a 0.07+£0.04a
ketones
3-nonanone 1139 0.02 £0.03
p-thujone 1158 0.01£0.01la 0.01£0.02a 0.01+00la 0.01+£0.01a
camphor 1192 029+0.03a 026+0.25a 040+021a 0.28+0.08 a
menthone 1200 0.01+£001a fra fra
pinocarvone? 1208 0.02+0.03a 0.02+0.01la 0.02+00la 0.01+£0.00a
dihydrocarvone 1235 0.04£0.04a 0.05+0.02a 0.04£0.01b
verbenone 1245 222+0.68a 129+141a 369+144a 196+116a
carvone 1271 0.69+£0.02a 0.02+0.02a 048+059a 0.27+0.30a
thymoquinone 1276 0.02+£0.01a 0.03+£0.04a 0.02+00la 0.02+0.01a
a-ionone 1426 tra tra tra tra
f-ionone 1497 0.01+0.00a tra tra tfra
esters
benzyl acetate 1214 0.05+001a 0.10+0.09a 0.05+001la 0.05+0.01a
ethyl caprylate 1238 0.05+0.03a 0.03+0.03a 0.03+0.02a 0.02+0.03a
linaly! acetate 1281 tfra 001+0.01la 001+0.0la 0.01£0.02 b
bornyl acetate 1302 0.04£0.05a 0.10£0.12a 0.07+0.15a 0.65+0.92a
terpenyl acetate 1353 tra tra 0.01+0.02a tra

citronellyl acetate 1356 0.04+£0.05a 0.13+£0.20a 0.03+£0.03a 0.14+0.11a
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Table 1 (Continued)

watering level

component RIb 80% Eto 60% Eto 40% Eto 20% Eto
esters (continued)
neryl acetate 1366 0.01+£00la
(E)-mirtanyl acetate 1381 tra tra tra
geranyl acetate 1386 0.02+0.02a 0.07+0.11a 0.01+001a 0.005 +0.005 a
butyl caprylate 1387
phenols
thymol methyl ether 1265 0.06 £0.0la 0.38+0.49a 0.13+0.16a 087+171a
(E)-anethole 1303 011+015a 0.09+0.05a
thymol 1308 29.55+4.86b 31.87+3.05 b 25.92 +4.40 ab 1921+456a
carvacrol 1314 157+020a 174+0.18a 128+041a 113+042a
eugenol 1358 0.02+0.00a 0.04+0.04a 0.08+0.13a 0.01+£0.00a
epoxides
(2)-linalool oxide 1123 0.01+0.0la 0.03+0.03a
(E)-linalool oxide 1140 0.02+0.03a 0.17+0.34a
(2)-limonene oxide 1173 0.24+£0.01a 022+0.19a 043+025a 0.45+0.13a
caryophyllene oxide 1650 0.19+£0.02a 0.23+0.06 a 0.24+0.15a 0.34+0.17a
ether
cineole 1076 232+324a 330+320a 166+233a 189+373a

aValues within rows with common letters were not significantly different (*, p < 0.05); + standard deviation. ® Kovats index (HP-5). ¢tr, traces (<0.01%). ¢ Tentative
identification.

in which the plants are grown and the genetic constitution of citronellal, decanal, perilla aldehyde, 3-nonanagfti¢hujone,
the cultivars greatly influence both oil yield and composition menthone, pinocarvone, dihydrocarvone, carvone, thymoqui-

of thyme. none,a-ionone,S-ionone, benzyl acetate, ethyl caprylate, bornyl
Salgueiro et al.Z7) studied the essential oil composition and acetate, terpenyl acetate, citronellyl acatate, neryl acetfe, (
variability of four populations oThymus lotocephalus. Lépez mirtanyl acetate, butyl caprylate, thymol methyl ether, (E)-

and R. Morales and one populationTdiymusx mouraePaiva anethole, eugenolZj-linalool oxide, E)-linalool oxide, andZ)-
and Salgueiro, two endemic taxa from Portugal. Average yields limonene oxide. All of these components have been previously
of essential oil of air-dried aerial parts were 1.1 and 1% (v/w), reported to be present in oth@hymusspecies such ag.
respectively. For Echeverrigaray et &8 oil yields calculated wulgarisL., T. zygisL., T. pulegioided.., T. serpyllumsubspec.
from the dried plant material ranged from 0.47 to 0.64% for vwillous, T. satureioidesCass.,T. praecoxssp. areticus T.
commercial thyme cultivars of. vulgaris from the United broussonetjiT. maroccanusT. pallidus T. granatensigoiss.,
States, Spain, France, Italy, and Brazil. Hudaib et 2b) ( T. orospedanysl. chamaedrisT. carnosudBoiss.T. serpylium
performed a GC-MS evaluation @t vulgaris oil composition L. var. mongolicusRonn.,T. quinquecostatu€elak, T. funkii,
variations during the vegetative cycle. Oil yields were calculated T. aestius T. baeticusT. camphoratusandT. sibthorpiiBenth.
for fresh plant material. The oldest plants exhibited an oil yield (29).
of 0.15% (v/w). The young plants, collected just before the end  The plant oil was characterized by a high percentage of
of the vegetative cycle, provided the best oil yield (1.2%). monoterpene phenol (thymol). In addition, the oil was character-
Chemical Composition.Related to the essential oil composi- ized by high levels of the precursor monoterpene hydrocarbons
tion, the chromatographic analysis of the volatile profileTof p-cymene and/-terpinene, the concentrations of which were
hyemalisessential oil allowed the identification of a total of 84 not found to vary in accordance with the variations in their
volatile components, including 25 hydrocarbons, 23 alcohols, corresponding phenol products (thymol and carvacrol). Accord-
11 ketones, 10 esters, 6 aldehydes, 5 phenols, 4 epoxides, anithg to SaezZ3), this can be attributed to the high intraspecific

1 ether (Tables land?2). variability present among plants of this species.
One of the most recent publications about the chemical To simplify the analysis of the results, and taking into account
composition of wildT. hyemalisessential oil is that of @& that statistically significant differences were found for some

(23). This author reported a total of 32 volatile components and components between harvesting periods (Table 3), it is neces-
stated thatT. hyemalischemotype thymol is widespread in sary to make separate studies concerning the effect of the
southeastern Spain and that it is found in most of the plant watering level on the essential oil composition in both seasons.
communities wherd&. hyemaligs predominant. Sotomayo2) Winter Harvesting. One of the aspects that needs to be
studied the volatile profile of the essential oil of this species considered before the analysis of the results is the great
under domestic cultivation. For this author, a total of 30 variability of the oil composition among plants under the same
components represented the major volatile composition of this cultivation conditions (Table 1). As a consequence of this, the
thyme oil. Thymol concentration varied from 24.7 to 15.4% in effect of the watering level on the essential oil composition is
the winters of 1991 and 1993, respectively. negligible for most of the volatile components under study.
In the present work, 54 new components are described for Taking into account this consideration, onfiyxylene,d-cadinene,
the first time as volatile constituents of the essential oil in this 2-octanol, (E)-pinocarveol, (E)-verbenpkcymen-8-ol, linalyl
thyme variety and chemotype includimg-xylene, tricyclene, acetate, and thymol had modified percentage concentrations in
verbenene,a-phellandrene,As-carene,a-copaene, calerene, the essential oil with water supplementations.
aromadendreneq-humulene, alloaromadendrene, valencene, Regarding terpenic hydrocarbongscymene,y-terpinene,
o-cadinene, 1-octen-3-ol, 3-octanol, 2-octanol, thujol, octanol, a-thujenea-pinene, camphene;terpinene, limonene, myrcene,
(2)-sabinene hydrate, fenchoE)tpinocarveol, E)-verbenol, and valencene were the hydrocarbons identified at higher
isoborneolp-cymen-8-ol, carveol, nerol, spathulenol, nonanal, concentrations.



5424 J. Agric. Food Chem., Vol. 51, No. 18, 2003 Jordan et al.

Table 2. T. hyemalis Essential Oil Composition, Spring 20022

watering level

component 80% Eto 60% Eto 40% Eto 20% Eto
hydrocarbons
m-xylened 0.01+00la 0.03+0.0la 0.01£001la 0.03+0.00a
tricyclene 0.01+00la 0.01+£0.00a 0.03+£0.03a 0.01+0.00a
a-thujened 1.04+£0.23a 118+087a 130+043a 0.63+0.03a
o-pinene 247+236a 0.34+0.07a 146+0.87a 224+217a
camphene 0.35+0.18a 0.29+0.10a 1.06+1.01la 0.35+0.03a
verbenene? 0.05+0.02a 0.03+0.02a 0.09+0.06 a 0.05+0.02a
sabinene 014+011a 0.40 +0.16b 0.49 +0.33bc 0.83+0.03¢c
[-pinene 027+0.16a 0.20+0.06 a 03+0.23a 0.16+0.02a
myrcene 090+0.36 a 127+0.79a 1.07+040a 0.79+0.06 a
a-phellandrene 0.19+0.03a 0.18+0.07a 0.17+£0.04a 0.16+0.01a
As-carene 0.07+001la 0.05+0.03a 0.06 £0.02a 0.04£0.00 a
o-terpinene 133+055a 126 +0.50a 151+0.50a 1.69+0.00a
p-cymene 27.29+8.48a 27.62+10.25a 2894+6.71a 22.49+041a
limonene 1.61+0.69a 134+048a 179+084a 2.18+0.64a
ocimene 0.04+£0.05a 0.11+020a 0.06 £0.07 a 0.04+£0.05a
y-terpinene 9.42+459a 9.24+264a 1099+4.12a 9.06 £0.96 a
terpinolene 0.20+0.03a 035+0.19a 0.37+0.182a 054+0.03a
a-copaene frra tra
(E)-caryophyllene 0.72+024a 0.76 £0.65a 0.88+£0.373a 031+012a
calerene 0.01+001la tra tfra
aromadendrene 0.16 £0.08 a 032+0.14a 0.36 +0.08 a 030+0.12a
o-humulene 0.02+0.02a 0.03+0.03a 0.01£0.02a 0.01+0.00a
alloaromadendrene 0.01+£0.02a 0.13+£0.06 b 0.03+£0.04a 0.12+0.03b
valencene 0.27+0.08a 032+0.18a 0.32+£0.05a 0.41+0.02a
o-cadinene 0.02+0.04a 0.05+0.06 a 0.01+0.02a 0.05+0.08a
alcohols
1-octen-3-ol 013+0.13a 020+0.15a 0.13+0.08 a 0.15+0.06 a
3-octanol 0.02+0.03a tra
2-octanol tra trb
thujol 017+0.23a 0.52+091a 0.38+0.49 a 0.18+0.20a
(E)-sabinene hydrate 067+0.26a 2.76+255a 332+341a 1542 +0.33b
octanol tr
(2)-sabinene hydrate 0.17+0.06a 403+458a 319+478a 1.05+0.23a
linalool 309+269a 187+164a 155+137a 154+0.04a
fenchol 001+0.01la 0.03+0.04a 0.03+0.07a 0.152 £0.048 b
(E)-pinocarveol 0.14+0.09a 022+0.02a 023+0.11a 0.20+0.04a
(2)-verbenol 0.03+0.06a 0.04 £0.06 a 0.12+0.00a
(E)-verbenol 0.88+0.61a 064+0.18a 150+0.75a 1.04+032a
isoborneol tra 0.01+0.00a 0.01+0.01la 0.01+0.00a
borneol 043+0.64a 0.28+0.13a 3.68+4.05a 0.18+0.01a
terpinen-4-ol 051+0.15a 134+1.12a 3.05+284a 414+021a
p-cymen-8-ol 0.18+0.04a 0.14+0.10a 0.25+0.04a 0.24 +0.06 a
o-terpineol 061+0.29a 791+945a 198+251a 154 +£0.06 a
carveol 0.29+052a 0.01+0.02a 0.04+0.03a 0.05+0.02a
nerol+citronellol 0.03£0.02a 0.02+0.03a 0.03+0.0la 0.01+0.01la
geraniol tra 0.01£0.01a 0.01+001la
isoeugenol 0.01+£001la 0.01£0.01la 0.02+0.01a 0.01+£0.00a
spathulenol* 0.33+0.06a 0.29+0.11a 0.36+0.10a 0.46 £0.08 a
aldehydes
nonanal 0.02+0.0la 0.03+0.03a 0.05+0.04 ab 0.11+0.01b
citronellal tra tra tra
decanal tra 0.01+0.01la 0.02+0.02a 0.01+00la
neral 0.02+0.02a 0.01+0.0la 0.02+0.02a 0.03+0.03a
perilla aldehyde + geranial 0.14+011a 0.21+£0.02a 0.15+£0.04a 0.13+£0.04a
ketones
3-nonanone fra
[-thujone 0.01+0.03a 0.02+0.02a tfra 0.03+0.00a
camphor 0.86 +0.56 a 0.38+0.14a 0.78+0.44a 0.74+0.09a
menthone tra fra 0.01+00la
pinocarvoned 0.01+0.0la 0.03+0.02a 0.03+0.03a 0.01+0.01la
dihydrocarvone 0.13+0.09a 0.06 £0.02a 0.14+£0.07a 0.20+0.08a
verbenone 297+204a 147+195a 431+317a 468+154a
carvone 0.27+0.34a 043+038a 0.70£0.63a 0.07+0.05a
thymoquinone 0.03+£0.01a 0.03+0.03a 0.03+£0.03a 0.03+£0.05a
a-ionone 0.01+£0.00b 0.01+£0.01b trab
p-ionone 0.02+0.01la 0.02+0.01la 0.01+0.01la tfra
esters
benzyl acetate 0.10+£0.03b 0.08£0.02b 0.07+£0.01b
ethyl caprylate 0.04+0.07a
linalyl acetate 0.06+0.05a 0.02+0.01la 0.02+0.0la 001+0.01la
bornyl acetate 0.09+£0.02a 0.10+0.04a 0.11+00la 0.08£0.02a
terpenyl acetate tra 0.03+0.05a 0.01+0.02a

citronellyl acetate tra 0.01+0.01la 0.01+0.00a 001+0.01la
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Table 2 (Continued)

watering level

component 80% Eto 60% Eto 40% Eto 20% Eto

esters (continued)

neryl acetate 0.03+0.03a 0.01+00la tra

(E)-mirtanyl acetate tra 0.01+£0.01la 0.01£0.00a

geranyl acetate 0.03+0.05a 0.02+0.02a 0.01+001a tra

butyl caprylate 0.01+00la tra
phenols

thymol methyl ether 0.53+059a 0.18+0.34a 0.13+0.10a 0.48+0.67a

(E)-anethole

thymol 29.20+2.83b 17.15+9.30a 14.45+3.42a 16.55+2.53a

carvacrol 2.05+0.27a 139+085a 098+0.25a 127+0.36a

eugenol 0.07+0.04a 0.12+0.04a 0.07+0.06 a 0.07+0.03a
epoxides

(2)-linalool oxide 0.02+0.04a 0.01+0.01la

(E)-linalool oxide 0.01+£00la

(2)-limonene oxide 0.58+0.76 a 0.27+0.15a 057+044a 0.71+£0.07a

caryophyllene oxide 0.25+£0.07a 0.27+£0.13a 0.33+£0.08a 0.19+0.08a
ether

cineole 206+238a 141+168a 169+204a 0.61+0.83a

2 Values within rows with common letters are not significantly different (*p < 0.05); + standard deviation. © Kovats index (HP-5). ¢ tr, traces (<0.01%). 4 Tentative identification.

Table 3. Components with Statistically Significant Differences between maximum yields were achieved at 20% Eto, but they showed
Seasons statistically significant differences only at the 60% watering
level.
watering level Aldehydes did not exhibit statistically significant differences
component 80%Eto  60%Eto  40%Eto  20% Eto among watering treatments for any of the components identified.
m-xylene different Only citronellal was not identified in the samples watered to
a-thujene different . . 80 or 40% Eto. As a consequence of the great variability among
aromadendrene _ different  different plants, we cannot affirm that this fact is due to a watering level
alloaromadendrene different
X . effect.
o-cadinene different . . . . -
(E)-sabinene hydrate different Reggrdllr.lg ketones, this chemical group did not show statisti-
(E)-pinocarveol different cally significant differences among treatments for most of the
§Z)-vr$r|benol different different i components identified. Only dihydrocarvone showed significant
encno ifferent

differences among the 20% watering level and the rest of the

Fercm:: f_ﬂ different different water supplements, its concentration being lowest at 20% Eto.
decanal different For this component, the highest concentrations were present for
neral . different . the 60% and 40% Eto treatments, because dihydrocarvone was
Ee{ghﬁoﬂgehyd“gera”'a' diferent different not found in samples receiving the 80% water supplement.
Camp’hor different 3-Nonanone was detected only in plants receinving 80% Eto.
benzyl acetate different Lower levels of water meant that it could not be identified in
ethyl caprylate different the volatile profile of the essential oil.

linalyl acetate different  different In the analysis of esters, linalyl acetate showed an effect of
E%’?:Q’e’iﬁ(fgate different g:g‘::zg: the watering level on its concentration. Maximum vyield was
eugenol different achieved at the lowest water supply. Although no statistically
thymol different  different significant differences were found for the rest of the esters

identified, this behavior can be extrapolated to the others esters,
as occurs with neryl acetate, because this compound has been

For m-xylene andd-cadinene, there were no statistically identified only in plants receiving a water supplement of 20%
significant differences between the concentrations at the maxi- Eto.
mum and minimum levels of water supply. The 60% Eto Related to the group of phenols identified, thymol is
watering treatment produced the highest concentrations for theseconsidered to be one of the most important determinants of
two hydrocarbons. This behavior cannot be extrapolated to thethyme essential oil quality. This component represents between
rest of the terpenic hydrocarbons as a consequence of the grea29% at 80% Eto and 19% at 20% Eto of the oil composition in
variability in the essential oil quantitative composition of the thyme, there being statistically significant differences between
plants. concentrations. An important point that needs to be considered

Regarding alcohols, four alcoholic compounds showed sta- is that there were no significant differences among the 80, 60,
tistically significant differences among treatments, 2-octanol, and 40% Eto watering levels. From this result, we can deduce
(E)-pinocarveol, (E)-verbenol, ang-cymen-8-ol having in- that a supply of 40% of the Eto would be enough to obtain a
creased concentrations at the lowest level of watering. good vyield.

2-Octanol was not detected in oils of plants watered at 60% Epoxides and the single ether identified (cineole) showed
Eto and did not exhibit statistically significant differences with behaviors similar to the rest of the components identified. Once
the 80% water supplemenE)-Pinocarveol showed at the 20% again, the great variability in plant composition prevented
watering level a concentration higher than with 40 or 80% but determination of the effect of the watering supply on the
no higher than at 60%. ForEj-verbenol andp-cymen-8-ol essential oil quality.
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Spring Harvesting. During this season, as in wintef, for the extraction of the essential oil. This would be advanta-
hyemalisessential oil quality was characterized by a great geous to commercial growers because of the semiarid climate
variability (Table 2). Sabinene and alloaromadendrene were the conditions of southeastern Spain. Spring harvesting could be
terpenic hydrocarbons exhibiting statistically significant differ- designated for the collection of leaves as a food condiment.
ences among watering treatments. In both cases, the presence

of these components increased at the lowest watering level. For

sabinene, watering equivalent to 20% of the Eto produced a
concentration that was significantly higher than at 60 or 80%
Eto but was not higher than with 40% Eto. Alloaromadendrene
presented a similar behavior, but there were no significant
differences between the 60 and 20% Eto treatments.

Regarding alcohols, 2-octanolE)-sabinene hydrate, and
fenchol had higher concentrations at the lowest watering level,
especially E)-sabinene hydrate, which increased its concentra-
tion almost 25 times compared to the highest water supplement.

Aldehydes and ketones, in general, did not have modified
concentrations at different watering levels. Nonanal axidn-
one behaved differently: nonanal had its higher concentration
at the lowest watering level, whereasonone was not detected
at 20% Eto.

Benzyl acetate was not detected in samples from the watering
level at 80% of the Eto, exhibiting statistically significant
differences compared to the other watering treatments. Among
the phenols, it is interesting to remark that thymol was detected
at its highest concentrations in samples with a higher supplement
of water, as in the winter seasok){Anethole was not identified
in the essential oil at this harvesting. No more statistically
significant differences were detected in the analysis of these
essential oils. Probably, the variability in the composition of
the essential oil again did not allow the determination of the
effect of the water supplementation on the essential oil quality.

An interesting point was to study whether the composition
of the essential oil changed with the season of harvesting. For
this a statistical analysis of the concentrations at both harvests
at different watering levels was performeltaple 3). From this

we can deduce that a greater number of components reached
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