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Abstract: In this research, the variations in the chemical composition of the Lavandula angustifolia
Mill. essential oil, the Romanian variety Moldoveanca 4, obtained from the same culture, in the same
harvesting and extraction conditions, during the years 2016-2018, representing the years 2-4 of
culture. Lavandula angustifolia Mill. flowers were supplied from an ecological-crops from N-E
Romania and the essential oils were obtained by hydro distillation of freshly harvested flowers. To
determine the chemical composition, the essential oil was semi-quantitatively analysed by using gas
chromatography coupled with mass spectrometry (GC-MS). In all the samples, 30 organic compounds
were identified, linalool and linalyl acetate being in similar concentrations (23.51-27.39% for linalool
and 26.60-40.66% for linalyl acetate). Changes in chemical composition were observed in 2017 and
2018. Also, in 2017 was determined an increase in the quantity of linalyl acetate (from 26.60 to
40.66 %), and a slight decrease in linalool content; in 2018, the concentration in linalyl acetate
remained approximately the same as in 2017 (38.03 versus 40.66 %) and there was an increase in
linalool compared to the previous years (27.39 %, compared to 23.51 % in 2017 and 26.22 % in
2016). The chemical composition of the essential oils obtained from flowers of Lavandula angustifolia
L., Moldoveanca 4 variety, showed substantial changes of the chemical profile describing the
compounds during the analysed three years, as was determined by GC-MS analyses.
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1. Introduction

Lavandula angustifolia (true lavender) is the lavender species most commonly cultivated,
especially in the south-eastern part of Europe, having therapeutic importance due to the plant product
obtained, respectively to the inflorescences (fresh or dried lavender flowers) — Lavandulae flos. The
flowers, in pharmaceutical use, are appreciated especially for the essential oil — Lavandulae
aetheroleum, the active principle of the product that is increasingly used [1,2].

Essential oils of Lavandula species are volatile and aromatic substances composed of mixtures of
secondary metabolites synthesized by plants, which mainly include two groups of related biosynthetic
compounds, such as C10-C15 terpene derivatives of isoprene, aromatic terpenoids and aliphatic small
molecular weight compounds. The characteristic lavender flavour of the essential oil is attributed to
low molecular weight monoterpenes (CioH1s) [1,3].
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The major components in L. angustifolia essential oil are linalool (20-45%) and linalyl acetate (25-
47%) (Figure 1), with moderate concentrations of lavandulil acetate, terpinen-4-ol, lavandulol,
followed by 1,8-cineol (eugenol) and camphor present in small amounts. Lavandulol, lavandulil
acetate, cis- and trans-occene are characteristic compounds of lavender oil. Other chemical compounds
present in lavender essential oil are: B-cariophenylene, a-pinene, limonene, a-terpineol, nerol, geraniol,
borneol, sabium, etc. [3]

H;C CHj
Linalool Linalyl acetate
Figure 1. Chemical structure of major
components of lavender essential oil

With a high concentration of linalool / linalyl acetate and camphor in low amounts, Lavandula
angustifolia essential oil is considered to have the most beautiful perfume/fragrance and is the most
demanded oil, used in the aromatherapy and cosmetics industry [1, 4, 5]. The number of components
in the essential oil varies greatly, depending on the species, variety, altitude, weather conditions of the
year, pedoclimatic conditions of the cultivation area, as well as separation technology (steam
distillation, organic solvent extraction, supercritical fluid extraction with carbon dioxide, maceration,
percolation, fractional distillation, etc.) [1]. The yield of distillation to produce essential oil varies with
plant age: it reaches the maximum after 5-7 years and becomes very low after 10-12 years. The
maximum content of ethereal oil is found to be at the beginning of blooming, between the 9 a.m. and 2
p.m. in that day. Early harvesting results in loss of essential oil yield, but also in its quality, because in
this case in essential oil predominates linalool and the concentration of linalyl acetate does not exceed
8-10%. Lavender harvesting is not recommended on rainy weather or on strong windy days, because
glandular trichomes, where the essential oil is produced and secreted, that is are on leaves and flowers,
are destroyed and the oil content decreases [1]. When drying, the flowers lose 35-47% of the essential
oil. That is why is recommended harvesting and processing fresh inflorescences, rather than
harvesting, drying and afterwards distilling the essential oil.

The chemical composition of lavender oil is important because it differs from one species to
another and influences the therapeutic effects. In the case of Lavandulae angustifoliae aetheroleum,
aromatherapy requires a content of 40-50% esters (predominantly linalyl acetate), 30-40%
monoterpenols (especially linalool), 7-13% monoterpene hydrocarbons (mainly ocimene), 8% 1.5%
oxides (especially 1,8-cineol) [5,6]. The last edition of the European Pharmacopoeia and the Xth
edition of Romanian Pharmacopoeia [7,8] provide for Lavandulae angustifolia essential oil a content
of 20-45% linalool; 25-47% linalyl acetate; alpha-terpineol max. 2%; lavandulic acetate min. 0.2%;
lavandulol min. 0.1%; 1,8-cineol (eugenol) max. 2.5%; camphor max. 1.2%.

In therapy, the main uses of the essential oil of Lavandula angustifolia are based on the following
pharmacological effects: sedative, anxiolytic [9], mood modulator [9,10], anticonvulsant and
antidepressant [6,9], but also anti-inflammatory, anti-rheumatic, healing, skin regenerative, antiseptic,
antibacterial [11], antifungal and even hypotensive [12]. The sedative action of the volatile oil is
attributed to linalyl acetate and is mediated via the olfactory receptors pathway, but it is also possible
directly at the central nervous system level [13,14]. Experimental studies carried out on animals (mice)
have demonstrated the anxiolytic properties of lavender oil, this also increasing the length of sleep
induced by pentobarbital [14].

In a recent work, it was demonstrated that the oral administration of true lavender essential oil
decreased spared-nerve injury-induced neuropathic pain symptoms in a mice model. Lavender
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essential oil decreased the phosphorylation of several proteins from MAPK family: JNK1, ERK1,
ERK2, and decreased the levels of inducible nitric oxide synthase (iNOS) in the spinal cord. The
involvement of the endocannabinoid system was detected using in vitro inhibition of the FAAH and
MALG enzymes and by in vivo experiments with CB1 antagonist. This treatment did not modify the
behaviour, the memory function, locomotor activity or motor coordination of the mice [15]

Linalool, one of the major components of the lavender essential oil, develops central-inhibitory
effects, acting as anticonvulsant and inhibiting spontaneous motor activity [16,17]. Administered in
high doses, linalool acts by reducing motor coordination and prolongs the narcotic action of
barbiturates, ethyl alcohol/ethanol and chloral hydrate [14,15]. In high doses it proved to be even
narcotic, having similar action to gamma-aminobutyric acid (GABA), CNS inhibitor mediator [16-18].

Consequently, the therapeutic effects of lavender essential oil depend on its chemical composition,
which in turn varies with a number of factors (plant age, harvest time, climate conditions, soil
properties, extraction methods, pollution, etc.) [19-21]. Therefore, determining the chemical
composition of the oil used in therapy or in the preparation of supplements is essential in determining
their quality and effects [22-23].

The influence that the material (plastic, glass, metal) from which the storage container (of lavender
oil or any natural extracts) is made has on the chemical composition of the content, has been
demonstrated by numerous recent studies [4]. The industrial field dealing with this aspect abounds
with increasingly optimized attempts to obtain as few active / reactive materials in relation to the
content [24-27].

In this study, the variations of the chemical composition of the essential oil of Lavandula
angustifolia Mill., Moldoveanca 4 (an early variety, patented in Romania) were determined. The plants
from which the flowers analysed subsequently were collected were grown under the same growing
conditions, harvested in the same way and subjected to analysis using the same extraction method. The
period of study was between 2016-2018, representing years 2-4 of lavender culture.

2. Materials and methods
2.1. Plant Material

Lavandula angustifolia Mill. (Moldoveanca 4) flowers were obtained from an organic crop located
in a farm, Botosani County, Romania (47°41'51"N 26°38'53"E), being harvested in the summer of
years 2016-2018. To obtain the essential oil, the flowers were harvested in the most favourable
vegetation phase, when about 50% of the flowers are open. Each time, the harvesting was done
manually, in the second half of June, in the first part of the sunny days, between 10-11.30 a.m.

2.2. Method

The essential oil was obtained by hydro distillation from the freshly harvested plant material. The
distillation device used consists of a water treatment installation (distillation, demineralization), an
electric steam generator, two containers of 500 mL each, for plant distillation, a vessel with coil for
cooling the distilled product, a Florence flask to separate the distillate into essential oil and floral
water.

The sterilized, softened water enters the steam production installation. The resulted steam is guided
through a pipe into the dry vegetable product vat. The process takes about 1h at a constant temperature
of 100 °C. The resulting vapours are condensed in the vessel with coils, a process that happens in cold
environment, resulting in essential oil and floral water, respectively. The obtained essential oil, with a
yield approx. 5-5.5 %, was dried by using anhydrous sodium sulphate (Merk, Germany) and packed in
dark (amber) glass bottles for storage, then kept at a temperature of 4°C till being used for GC-MS
analyses. The parameters that characterise the obtained lavender essential oils are presented in Table 1.
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Table 1. Physical and chemical characteristics of lavender essential oils
obtained through hydro distillation

Parameter Unit of Measure Aspect/Value Method
2016 2017 2018 Reference
Appearance - Clear liquid
Colour - Pale yellow
Acidity index mg KOH/g 1.00 1.50 1 [7]
Solubility in alcohol VIV 13 13 13

(ethanol 70°)

2.3. Characterization by GC-MS of lavender essential oils

The chemical compositions of the essential oils have been determined using Gas-Chromatograph
Agilent Technology 7820A (Agilent Scientific, USA) coupled with mass spectrometer MSD 5975
(Agilent Technology, USA). A capillary column DB 5: (30 m x 250 pm x 0.25 pum) (Agilent
Technology, USA) was used. The temperature gradient was as follows: 80°C for 1 min, rate of 8
°C/min to 210°C for 2 min. Helium (Linde Gas, Romania) has been used as carrier gas, at a mass flow
of 1 mL/min, while the injector and ion source temperatures has been kept at 250 and 150°C,
respectively. The injection volume was 1 pL, with a split rate of 1:20. The compounds have been
identified using NIST spectra library [28,29].

3. Results and discussions

The results showed that in the essential oil of Lavandula angustifolia Mill., Moldoveanca 4 var.,
obtained by hydro distillation, the number and quantity of organic compounds varies during the period
taken in the study. Also, the concentration of all chemical components identified in the essential oils
differs from one year to another (Table 2).

Table 2. The chemical composition of Lavandula angustifolia essential oil,
Moldoveanca 4 variety, during 2016-2018

Retention time 2016 | 2017 | 2018
No. Compound :
(min) %

1. a-Thujene 6.17 0.37 0.50 0.21
2. a-Pinene 6.40 0.78 0.84 0.47
3. Camphene 7.09 0.50 0.38 0.25
4. B- Pinene 7.21 0.29 0.15 0.12
5. B- Terpinene 7.40 242 1.54 1.08
6. a-Phellandrene 7.42 0.05 0.23 0.14
7. Delta-3-Carene 7.45 1.23 0.53 0.59
8. 0-Cymene 7.50 0.03 0.08 0.04
9. p-Cymene 7.52 0.58 0.39 0.22
10. Limonene 7.72 2.44 0.62 0.38
11. 1,8-Cineole 7.73 1.59 1.27 0.99
12. trans-B-Ocimene 7.83 4.70 3.20 4.65
13. cis-p-Ocimene 8.00 0.42 0.32 3.24
14. y -Terpinene 8.18 0.27 0.10 0.16
15. cis-Linalool oxide 8.22 0.03 0.02 0.05
16. Terpinolene 8.70 0.1 0.1 0.14
17. Linalool 8.81 26.22 | 2351 | 27.39
18. Allo-Ocimene 9.25 4.60 2.77 5.94
19. Camphor 9.52 0.23 0.22 0.17
20. Borneol 10.00 2.69 2.15 1.99
21. Terpene-4-ol 10.20 291 5.18 2.62
22. a-Terpineol 11.04 1.00 0.28 0.66
23. Linalyl acetate 11.10 26.60 | 40.66 | 38.03
24. a -Terpenyl acetate 11.58 2.27 1.69 2.00
25, Neryl acetate 12.07 0.41 0.05 0.10
26. Geranyl acetate 12.95 0.05 0.03 0.05
27. Caryophyllene 13.40 4.35 4.20 4.53
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28. Germacrene 13.79 0.27 0.90 0.74
29. Cadinene 14.18 0.25 0.23 0.32
30. Muurolene 14.58 0.12 0.09 0.13

During the development of inflorescence and of flowers in inflorescences, the essential oil content
varies, also changing the semi-quantitative composition of the oil, depending on the amount of
glandular trichomes and their content [1, 2, 30]. The researches confirmed the variation in the number
of components from 17 to 38, identified in the essential oil separated through hydro distillation under
laboratory conditions from the fresh inflorescences obtained from the species Lavandula angustifolia
L. [31, 32]. The plant product used at this stage was harvested in the most favourable phase of the
plant evolution for the extraction of essential oil.

Relatively low temperatures facilitate the formation of linalool. Depending on the content of linalyl
acetate, the superior or inferior quality of the oil is determined. The content of more than 1.2 % of
camphor significantly reduces the aroma and the quality of the oil [1,6]. Alpha-terpineol has a
pronounced lilac flavour, while the terpineol type substances are known for their antimicrobial and
antifungal properties. It is believed that terpinen-4-ol in high concentrations (>2%) diminishes the
essential oil value, giving it a flavour of grass [30]. In the tested product, camphor ranged within very
small limits, reaching a maximum concentration of 0.23 % in 2016, and the concentration of terpene-4-
ol ranged from 2.62 to 5.18 % in 2018 (Table 2).

The main component of lavender essential oil is linalool (40-60 %), both free and partially
esterified, in the form of linalyl acetate [5]. It is believed that high quality essential oil contains 46-48
% of linalyl acetate [1,6]. In all the samples, 30 organic compounds were identified, linalool and
linalyl acetate being in approximately equal concentrations, varying from 23.51-27.39% linalool and
from 26.60-40.66 % linalyl acetate (Table 2). To determine the chemical composition of Lavandula
angustifolia essential oil in the all three years of study (2016-2018), the essential oil was analysed
semi-quantitatively using gas chromatography coupled with mass spectrometry (GC-MS) (Figures 2-
4).

E Figure 2. GC-MS
chromatogram of Lavandula
angustifolia essential oil,

obtained in 2016
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In the year 2017, changes in chemical composition were observed (Figure 3). Compared to the
previous year, there was an increase in the quantity of linalyl acetate from 26.60 to 40.66 %, and a
slight decrease in the content of linalool (26.22 vs. 23.51 %). The analysis performed for the lavender
essential oil obtained in 2018 reveals differences in the amounts of chemical components, both
compared to 2016 and 2017 (Figure 4). The concentration of linalyl acetate remains approximately the
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same as in 2017 (38.03 versus 40.66 %) and there is an increase in the quantity of linalool compared to

previous years (27.39% compared to 23.51 % in 2017 and 26.22 % in 2016)
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Figure 3. GC-MS chromatogram of Lavandula angustifolia
essential oil, obtained in 2017
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Figure 4. GC-MS chromatogram of Lavandula angustifolia
essential oil, obtained in 2018

1

It has to be noted that the chemical composition of the lavender essential oils obtained in 2016-
2018 was maintained in the standards range [33]. The minimal concentration of the camphor (less than
0.23% in our samples) lead to the enhanced aroma of the oil. The modest concentration of terpinen-4-
ol (less than 8%, as recommended in the standard [33]) confers a good quality of the studied lavender
essential oils. Also, the concentration of trans-B-ocimene (3.20% in 2017, 4.65% in 2018, 4.70% in
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2016) and cis-p-ocimene (0.32% in 2017, 0.42% in 2016, 3.24% in 2018) are in the accepted range of
the standard (0.5-6% trans-f-ocimene and max. 10% cis-B-ocimene).

Regarding this Romanian variety, our results demonstrated that the principal components are
almost identical to those identified in other species of lavender from Poland [30], China [31], India
[32], etc. The information provided by some articles specified several compounds found in lavender
essential oils (which was obtained by using the same method of hydro distillation) [35,36]. Da Porto et
al. describes 60 compounds, and Danh et al. obtained 45 compounds, which represents a significant
higher number of active substances versus only 30 components identified in the present work [35,36].

These qualitative inconsistencies in the chemical composition of the essential oils obtained from
plants, as it was already mentioned, reported in various specialized studies, are due to multiple causes,
beginning with the growing / cultivation conditions, as well as with the mode and period of harvesting,
and finishing with different operating conditions during the extraction process [19-23]. As it is well
known, each type of lavender oil is described by a specific, distinctive profile from the qualitative /
quantitative point of view, presenting different chemical compounds, in different quantity and in
different number; therefore, depending on their composition, each of these oils have different
chemical, physical, and therapeutic properties (e.g. the concentration of linalyl acetate determines the
quality of lavender essential oil used in perfumery, larger quantities being associated with a higher
quality of the perfume; on the other hand, the concentration of linalool influences the antimicrobial
properties of the essential oil) [1, 5, 35, 36].

4. Conclusions

Determination of the variations in the chemical composition of the essential oil of Lavandula
angustifolia Mill., Moldoveanca 4 variety, showed important changes in chemical composition, by
using GC-MS technique, a semi-quantitative method. The plans under analysis were obtained in
different years, under the same conditions of cultivation, harvesting and extraction methods. The
results exhibited the good products quality as it contains high quantity of linalyl acetate (40.66 %,
maximum in 2017), linalool (between 23.51 % in 2017 and 27.39 % in 2018) and small amount of
camphor (0.23 %, maximum in 2016). The variation of the chemical profile of lavender essential oil
obtained during the three years of research demonstrates, once again, that it is necessary to analyse
each sample of essential oil when it is about of using it in therapy, because the components may be
determinant in the pharmacological/therapeutic properties.
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