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ABSTRACT 

Three extraction methods were used comparatively to extract linalool and linalyl 
acetate from lavender flowers, namely hydrodistillation, Soxhlet extraction (in ethanol) 
and accelerated solvent extraction (ASE) (with water or methanol, 80ºC, 1500 psi). The 
best results were obtained with ASE (methanol). The fresh flowers gave higher yields of 
linalool and linalyl acetate. The possibility of using UPLC-MS-MS for rapid and precise 
identification (based on spectra of fragments of target compounds) of essential oils was 
successfully demonstrated. UPLC-MS analysis of the isolated oils revealed that linalool 
and linalyl acetate are the major components of all the samples. 
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1. INTRODUCTION 

Essential oils are volatile aromatic compounds found in a wide range of terrestrial plants, 

e.g. flowers, leafs, roots, stems and seeds[1]. They are a combination of highly hydrophobic 

organic compounds that can be extracted by various techniques[2] among them, the most used 

being hydrodistillation[3], Soxhlet extraction[4], microwave extraction[5], cold pressing[6] 

and supercritical fluid extraction[7]. One of the most published technique for the extraction of 

the essential oil from plants is hydrodistillation[3]. On the other hand, hydrodistillation is a 

very time-consuming method, during which highly volatile components as well as water-

soluble components can get lost[8]. Usual extraction techniques of essential oils and the other 

chemicals that are present in the plant materials include techniques that use solvents at 

atmospheric pressure or at high pressure and high temperature [9-11]. The methods that use 

solvents for extraction can be very selective, as the solvent properties are selected to extract 

only a few compounds that are more soluble in the chosen solvent. The drawback of these 

approach is the fact that together with the volatile components of the essential oils will be 

extracted other compounds, equality soluble in that solvent. Furthermore, the temperature and 

the pressure can influence not only the extraction yields of the target compound but also can 

contribute to the degradation of these molecules. This can be avoided by the technique called 

accelerated solvent extraction (ASE), in which the extraction period can be controlled and the 

deleterious effects of high temperature and high pressure can be minimized[12].  

Some of lavender essential oil constituents present beneficial biological activities[13] 

such as: the treatment of anxiety [14] and sleep disorders [15], or antimicrobial[16] and 

antifungal[17] effects or natural preservatives in cosmetic products [18].  

The genus Lavandula from Labiatae family, comprise three species utilized for their 

production of essential oils: L. angustifolia Miller contains essential oil of the highest quality, 

L. latifolia Medicus has the lowest yields, and L. hybrida (L. angustifolia × L. latifolia) has 

the highest yields, but not the highest quality oil[19]. 

Essential oils of L. angustifolia Miller is a colorless to pale yellow liquid, with a floral 

fragrance. Over 300 compounds have been found in species of Lavandula. The two main 

compounds in Lavandula are linalool and linalyl acetate[20]. 

The chemical composition of L. angustifolia oil have been the subject of several 

publications[21-23]. Most of the data concerning the investigations of the chemical 

composition of essential oils of Lavandula species were obtain by GC and GC-MS 

analysis[21-23]. In the present paper the chemical composition of the essential oils of L. 

angustifolia cultivated in Romania was analyzed by using liquid chromatography coupled to 

mass spectrometry (UPLC-MS). 

The aim of this study was to compare different sample preparation methods for their 

suitability for the subsequent UPLC/MS-MS determination of major compounds of lavender 

essential oils. Three sample preparation procedures for the extraction of essential oils were 

compared, namely, hydrodistillation which is the most usual method for the isolation of 
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essential oils, Soxhlet extraction, and accelerated solvent extraction. The possibility of using 

UPLC-MS was also tested, as traditionally these compounds are analyzed by gas-

chromatography techniques. 

 

2. MATERIALS AND METHODS 

2.1. Chemicals and reagents 

Methanol (Sigma, #34966) and ethanol (Sigma, #32221) were purchased from Amex 

SRL, Bucharest, Romania.  

2.2. Plant material 

Freshly picked flowers of Lavandula angustifolia cultivated in Timiş (Romania) in 2015 

and 2016 were purchased from the local market. The fresh material was dried at constant 

temperature (23ºC), in a dark place[24].  

2.3. Preparation of lavender flower samples.  

Known amounts of fresh or dried lavender flowers (usually around 1 g) were manually 

grinded in a mortar. To achieve reproducible extraction yields the samples were passed 

through a sieve with mesh sizes between 20 and 30 (particle diameters ranging over 0.60-0.85 

mm). The dried samples were kept within sealed bag in the cold and dry place until they were 

used[25]. 

2.4. Hydrodistillation  

The hydrodistillatin extraction was carried for 150 min with 200 mL water and 30 g of 

dried or fresh lavender flowers, using a Clevenger-type apparatus[3,5]. The oil phase was 

separated through a separatory funnel. 

2.5. Soxhlet extraction 

Four experiments of traditional Soxhlet extraction[16] were carried for 300 min with 45 

mL of ethanol and (a) 2 g of dried lavender flowers or (b) 2 g of fresh lavender flowers, and 

with 45 mL of water and (c) 2 g of dried lavender flowers or (d) 2 g of fresh lavender flowers. 
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The obtained extracts were centrifuged at 5000 rpm for 5 min and then the oil was separated 

through a separatory funnel. 

2.6. Accelerated solvent extraction 

Two type of solvents were used for ASE[4] methanol and water. Around 1 g of fresh 

flowers was loaded into extraction cell of an ASE200 extraction system (Dionex Corporation, 

USA). In both cases, the volume of solvent used for extraction was 16 mL. The extraction 

was carried out at 1500 PSI and 80°C for 10 minutes. After extraction, the extracts were 

mixed with mobile phase (1:1), filtered on 0.2 μm syringe filters and injected in the 

chromatographic system. 

2.7. UPLC-MS analysis  

The chromatographic analysis was carried out on a Waters Acquity UPLC-MS system 

(Binary Solvent Manager, Xevo TQD MS-detector equipped with an electrospray ionization 

interface)[26] with a UPLC BEH C18, 1.7 µm (2.1×100 mm) column, using a gradient 

elution procedure. Mobile phase A consisted in 0.02% formic acid in 5% methanol and 

mobile phase B was 0.02% formic acid in methanol. The gradient profile was: 0 – 0.2 min, 

30% A and 70% B; 0.2 – 1 min, linearly increase untill 100% B; 1 – 2.9 min, hold 100% B; 

2.9 – 3.0 min, linearly decrease untill 70% B (initial condition). The column temperature was 

set at 30°C. The analyses were run at a flow rate of 0.3 mL/min, and the sample volume 

injected was 10 μL.  

The electrospary ionization (ESI) parameters for Xevo TQD MS detector were fixed as 

follows: capillary voltage at 3.0 kV, source temperature at 150°C, desolvation temperature at 

400°C, and desolvation gas at 500 L/h. Nitrogen was used as the desolvation gas, and argon 

was employed as the collision gas.  

 

3. RESULTS AND DISCUSSIONS 

In the absence of appropriate standards, the optimization of the extraction procedure has 

to rely on qualitative results. From the literature regarding the composition of lavender oil 

results that linalool and linalyl acetate are the major compounds of essential oils extracted 

from this plant[16]. In fact, in many papers dealing with the yield of extraction of essential 

oils from lavender, these two compounds are considered as marker molecules[18,27]. The 

chromatographic analytical method, based on detection with a triple-quadrupole was 

optimized to separate and to detect the compounds with m/z of 155 (M+1+, for linalool) and 
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197 (M+1+, for linalyl acetate) and to search the daughter fragments of these parent ions. The 

chemical structures of the target analytes are presented in Figure 1.  

 

 

Based only on the information about the target compounds (molecular mass, log P 

values) we have undertaken a separation procedure and a detection method to allow the 

identification of linalool and linalyl acetate in the absence of standards. For setting up a MS-

MS detection method, in some preliminary results were search the best conditions of 

detection and fragmentation to find the ion daughters of positive charged parent ions, i.e. 

M+1+ = 155 m/z for linalool and M+1+ = 197 m/z for linalyl acetate, respectively. Instead of 

real standards, a commercial lavender oil was used. The oil was diluted with weak mobile 

phase (10% MeOH, containing also 0.02% formic acid, to promote positive ionization) and 

the signal was recorded at various values of parameters of interface and triple-quadrupole: 

capillary voltage 2 – 4 kV, source temperature at 150°C, desolvation temperature at 200 - 

500°C, desolvation gas velocity at 200 - 800 L/h, cone voltage 10 – 70 V, collision energy 0 – 

70 V. The results have shown that the best values of the parameters of the interface and triple-

quadrupole for detection of the parent ions and one major fragment are: capillary voltage 3.0 

kV, source temperature at 150°C, desolvation temperature at 400°C, desolvation gas velocity 

at 500 L/h, cone voltage 30 V, collision energy 20 V. 

    
Linalool (MW 154.25 g/mol) Linalyl acetate (MW 196.29 g/mol) 

Figure 1. The chemical structures of the two major compound from lavender oil  
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The next step was the optimization of the chromatographic separation of the target 

compounds, again, first from the commercial lavender oil product. After searching several 

elution gradient formulations, the optimal separation was achieved when the gradient profile 

was: 0 – 0.2 min, 30% A and 70% B; 0.2 – 1 min, linearly increase untill 100% B; 1 – 2.9 
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Figure 2.   

The chromatographic separation 

of linalyl acetate and linalool from a 

sample of commercial lavender oil. 

The first upper panel present the 

chromatogram of linalyl acetate, 

when the MS-MS method was settled 

to search the daughter fragments of 

ion with m/z 197, corresponding to 

linalyl acetate. Similarly, the second 

panel present the chromatogram of 

linalool, were the detector was 

programed to search the daughter 

fragments of ion with m/z 155. 

The lower panels present the 

chromatograms obtained when the 

detector was programed in multiple 

reactions monitoring mode, searching 

only for the fragment with m/z 137 

of the parent ion 197, for linalyl 

acetate and with m/z 137 of the 

parent ion 155, for linalool, 

respectively. 
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min, hold 100% B; 2.9 – 3.0 min, linearly decrease untill 70% B (initial condition). Figure 2 

presents the separation of linalool and linalyl acetate from commercial lavender oil.  
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Figure 3.   

The spectra of the daughter 

fragments of compounds separated in 

Figure 2..  

The lower panel presents the ion 

fragments when the detector was 

settled to search for daughter of ion 

with m/z 197. 

The first two panels present the 

ion fragments of parent ion with m/z 

155 and these spectra are a 

confirmation of the fact that the 

compounds that coelute at 0.95 and 

1.07 min have the same mass and 

produce the same daughter when 

subjected to the same collision 

energy.  
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The evidence that the eluted compounds from Figure 2 are linalool and linalyl acetate is 

presented in Figure 2 where the spectra of daughter fragments of parent ion with m/z 155 

corresponding to linalool and of parent ion with m/z 197 corresponding to linaly acetate, 

respectively are presented.  

In Figure 2 the second and the fourth panels present the chromatograms of linalool, and 

because the peaks present a shoulder, it is an indication that the peaks are not pure, i.e. there 

are two compounds that co-elute at close retention times. In Figure 3 the first two panels 

represent the spectra recorded at 0.98 and 1.18 minutes, respectively, i.e. of the first part and 

the one of the major peak from Figure 2 the second panel. As both these spectra are very 

similar, we may conclude that the two-peaks that co-elute in from Figure 2 belong to the same 

compound. It is well known that linalool has a stereogeneric center at C3 and for this, there 

are two stereoisomer: the R-isomer is known as licareol and the S-isomer as coriandrol.   

To extract the essential oils from lavender in this study were used three methods: 

hydrodistillation, Soxhlet extraction and ASE. Figure 4 compares the peak areas of the 

linalool and linalyl acetate from essential oils obtained by Soxhlet extraction and ASE with 

the commercial product, used as imitation standard.  

 

 

 

Figure 4. Comparison of yields of extraction, expressed as areas of the separated peaks, of 
different extraction methods: 1 = commercial lavender oil, used for comparison; 2 = extraction 
from dried flowers with methanol using ASE method; 3 = extraction from dried flowers with 
water using ASE method; 4 = Soxhlet extraction from fresh flowers with ethanol; 5 = Soxhlet 
extraction from dried flowers with ethanol. 
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Figure 5.   

The chromatograms of the ASE 

extract realized with methanol. For 

details of realization of the 

extraction see the text. For details of 

MS-MS method see Figure 2. 

 

In Figure 5 there is presented an example of the chromatograms of the essential oil 

obtained using the ASE technique applied to dried flowers of lavender. Comparing the 

chromatograms with those of the commercial oil ( Figure 2) one may see that the ASE extract 

contain both target compounds in high amounts. 
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The results from Figure 4 confirm that the best extraction method for the essential oils 

(linalool and linalyl acetate) is accelerated solvent extraction, when the extraction solvent is 

methanol. When water was used as extraction solvent, the extraction yield was very low 

(column 3 in Figure 4). The fresh flowers provide higher amount of essential oil than the 

dried flowers, as it can be seen by comparing the columns 4 and 5 from the same figure. The 

extraction methods should be further optimized as now the extraction yields for the target 

compounds are lower that the commercial product. 

This is the first publication of use of an UPLC-MS-MS method for the separation of 

linalool and linalyl acetate from essential oils of lavender. The method can identify these 

compounds by their MS-MS spectra even in the absence of calibration standards. Using a 

gradient elution profile, the target compounds were separated in less than 3 minutes, with a 

resolution of 1.72. 

4. CONCLUSIONS 

Results presented in the present study showed a great variation in the yield, of essential 

oils obtained by different solvents and between fresh and dried flowers of Lavandula. The 

data obtained indicate that the content of main compounds (linalool and linalyl acetate) was 

similar with the content of the commercial product. 

In the case of lavender, the amount of extracted compounds seems to be higher in fresh 

flowers, comparing with the dried material.  

The optimized UPLC-MS-MS method can identify by MS spectra the linalool and linalyl 

acetate and can separate them in less than 3 minutes.  
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