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Infl uence of distillation time and distillation apparatus on the chemical 
composition and quality of Lavandula angustifolia Mill. essential oil
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In the study, the infl uence of distillation time as well as distillation apparatus on the chemical composition 
and quality of lavender (Lavandula angustifolia Mill.) essential oil were investigated. Two different types 
of distillation apparatuses: Deryng (popular in Poland) and Clevenger-type (recommended by European 
Pharmacopoeia) were used for the isolation of the essential oil from dried lavender fl owers (Lavandulae 
fl os). Moreover, different distillation times (2, 3 and 4 hours) were also applied. The chemical composition 
of the isolated oils, determined by gas chromatography coupled with mass spectrometry (GC-MS), revealed 
the dominance of linalool (11.55–17.19%) and linalyl acetate (12.84–16.78%) in the all analyzed samples. 
Other important constituents were: caryophyllene oxide (5.66–7.35%), lavandulyl acetate (4.64–5.40%) 
and borneol (4.62–5.51%). On the basis of the obtained data it was proved that the distillation time and 
distillation apparatus affect the amounts of some constituents in the lavender oil. 
Keywords: Lavandula angustifolia essential oil, distillation time, distillation apparatus, GC-MS, quality 
of lavender essential oil.

INTRODUCTION

    Lavandula angustifolia Mill. (true lavender), a perennial 
shrub belonging to the Lamiaceae family, is cultivated 
all over the world due to its huge incorporatio n in per-
fumes, cosmetics, food and pharmaceutical industries1,  2. 
Products derived from lavender are distributed globally 
in boutiques, grocesry stores, home stores and in online 
stores. The essential oil isolated from the fl ower heads ex-
hibit antibacterial, antioxidant, antifungal, anti-depresive, 
anti-infl ammatory, anticonvulsive and antiviral activity. 
Because of its characteristic and pleasant aroma, it is 
widely used in aromatherapy or massage3, 4. Lavender 
oils and aqeous extracts can be found as an active in-
gredients in a variety of bath and body products as well 
as in a variety of household products. In addition to 
these applications, lavender oil is also used in the food 
industry as natural fl avoring in baked goods, alcoholic 
and nonalcoholic beverages, puddings, chewing gum, 
candy and ice cream5, 6.

The quality and commercial signifi cance of the es-
sential oil isolated from L. angustifolia depends on the 
levels of linalool, linalyl acetate and camphor in it. The 
oil with high content of linalool and linalyl acetate and 
low content of camphor is the most apreciated for the 
perfume and cosmetic industries, while this richer in 
camphor is mainly used in aromatherapy7. On the other 
hand, the percentage of these components in lavender oil 
can vary signifi cantly depending on the cultivar, growing 
conditions, stage of plant development, storage conditions 
and even distillation conditions8.

Steam distillation is the most preferable technique for 
isolation of lavender oil on a commercial scale, hovewer, 
during this process, molecular rearrangements, hydrata-
tion of double bonds and hydrolysis of esters may occur. 
Moreover, there is no agreement in the literature as to 
the optimal distillation time for lavender oil extraction. 
If the distillation time is too long, then the essential oil 
may have an unpleasant smell. In turn, too short distil-

lation time may result in the lack of the higher boiling 
components in the essential oil6, 9–10. 

Hydrodistillation is a traditional method employed in 
the extraction of essential oils from aromatic plants on 
a laboratory scale11. This process may be carried out in 
a glass Clevenger-type or Deryng apparatus. Both devices 
are recommended by Polish Pharmacopoeia for determi-
nation of essential oil content in the plant material12–13. 

Our previous research indicated that the steam distil-
lation time had a signifi cant effect on the amounts of 
linalool, linalyl acetate and α-terpineol in lavender oil14. 
Therefore, we decided to investigate the infl uence of 
the type of distillation apparatus and duration of hydro-
distillation on the chemical composition and quality of 
essential oil isolated from dried L. angustifolia fl owers.

MATERIAL AND METHODS

Essential oils isolation
The plant material (Lavandulae fl os) used for essential 

oils preparation was originated from Poland (Wielkopol-
ska), Herb Factory ‘Kawon-Hurt’ (Gostyń). According 
to the producer, 1 g of the product contains 1g Lavan-
dula angustifolia Mill. In brief, 20 g of dried lavender 
fl owers in a 1000 mL round bottom fl ask together with 
400 mL of distilled water was subjected to hydrodistil-
lation using Deryng apparatus recommended by Polish 
Pharmacopoeia VII12. The hydrodistillation process was 
also performed with use of Clevenger-type apparatus, 
which is recommended by both, Polish Pharmacopoeia 
VII13 as well as European Pharmacopieia15. In order to 
determine the infuence of the duration of distillation on 
essential oil content and its composition, three different 
distillation times (2, 3 and 4 hours) were applied. The 
obtained lavender oils were separated from water, dried 
over anhydrous sodium sulphate, fi ltered and stored in 
refrigerator prior to GC-MS analysis. Each distillation 
was repeated three times. The yield of the essential oil, 
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expressed as (% v/w) in Table 1, was calculated using 
the following equation16:

 
Gas chromatography-mass spectrometry (GC-MS) 

analysis
The analyses of the chemical composition of lavender 

essential oil samples were carried out using an Hewlett 
Packard 6890 gas chromatograph with a Hewlett Packard 
5973 Mass Selective Detector and 6890 Series Injector. 
The GC was equipped with HP-5MS capillary column 
(30 x 0.25 mm i.d., fi lm thickness 0.25 μm). Helium 
was used as a carrier gas at a fl ow rate of 1.2 mL/min. 
The injector temperature was 250 oC, the transfer line 
temperature was 280 oC, and the ion source temperature 
was 230 oC. The GC oven temperature was programmed: 
initial temperature of the column was 45 oC, then it was 
increased to 200 oC at a rate of 5 oC/min (kept constant 
for 10 min), and then heated up to a fi nal temperature of 
250 oC at a rate of 5 oC/min (kept constant for 20 min). 
The injection volumes were 1 μL (20 mg of essential oil 
dissolved in 1.5 mL of dichloromethane). The split injec-
tion was conducted with a split ratio of 5:1. The mass 
spectra were recorded at 70 eV (EI) and were scanned 
(2.94 scans/s) in the range 50–550 m/z. The total running 
time for a single sample was 71 min.

Lavender oils constituents were identifi ed by com-
parison of their mass spectra with those stored in the 
MS databases (Wiley, NIST 2002), as well as by com-
parison of their mass spectra with authentic compounds 
(β-pinene, p-cymene, limonene, camphor, menthone, 
carvone, carvacrol, thymol) available in our laboratory 
(Fluka, Aldrich). The identity of compounds was also 
confi rmed by comparison of their calculated retention 
indices (relative to n-alkanes: C7-C30, Supelco, Bellefonte, 
PA USA; on a HP-5MS column) with those reported in 
the NIST Chemistry WebBook (https://webbook.nist.gov/
chemistry/) and the literature1, 17.

Relative percentage amounts of the essential oil con-
stituents were evaluated from the total peak area (TIC) 
by apparatus software (MSD ChemStation).

Statistical analysis
The analysis of variance (ANOVA) was applied for 

the comparison of means, while signifi cant differences 
were calculated according to the post-hoc Tuckey’s HSD 
(honestly signifi cant difference) test at a signifi cance level 
of p = 0.05, using the Statistica 13 (TIBCO Software 
INC. StatSoft, Poland). The statistical analysis of the 
results given in Table 4 was conducted for constituents 
of content greather than 1% of the lavender essential oil.

RESULTS AND DISCUSSION

The essential oils obtained from dried lavender fl owers 
using two types of distillation apparatuses at different 

distillation times, were found to be yellow liquids with 
characteristic fl oral-herbal smell. The results presented in 
Table 1 indicate that the time of essential oil distillation 
of L. angustifolia, both in the Deryng and Clevenger-type 
apparatus, had no signifi cant effect of its content. Hov-
ewer, the amounts of lavender oil obtained in the Deryng 
apparatus was higher as compared with the Clevenger-
type apparatus (1.17% and 0.86%, respectively).

The content of essential oil in Lavandulae fl os generally 
depends on cultivar, geographical location, altitude, soil 
as well as climate conditions, propagation, morphology 
and ranges from 0.5 to 9.62%7. Our results are in agree-
ment with those described in the literature. Although, the 
pharmaceutical requirements (European Pharmacopoeia 
7.0) of minimum 1.3% essential oil in lavender fl owers 
was not met in case of studied plant material.

The identifi ed components of L. angustifolia oils, their 
retention indices (RI) and relative percentage concentra-
tions are listed in Table 2 and 3, in order of their elution 
form a HP-5MS column.

A total of 121 different constituents were identifi ed 
in the lavender essential oils isolated by hydrodistilla-
tion in the Deryng apparatus (Table 2). GC-MS analysis 
revealed that the major constituents of the oils were 
linalyl acetate (12.84–15.04%), linalool (11.55–13.14%), 
caryophyllene oxide (6.42–7.35%) and lavandulyl acetate 
(4.76–5.40%). Other predominant components were 
borneol (4.62–4.93%) and τ-cadinol (3.53–3.93%). Inter-
estingly, small amounts of α-citral (0.09%), α-selinene 
(0.05%), β-bisabolene (0.04%) and α-eudesmol (0.31%) 
were detected only in the oil obtained by hydrodistilla-
tion conducted for three hours.

The essential oils obtained by hydrodistillation in the 
Clevenger-type apparatus consisted of 128 compounds 
in total (Table 3). Similarly, linalool (14.64–17.19%), 
linalyl actetae (14.50–16.78%), caryophyllene oxide 
(5.66–6.07%) and lavandulyl acetate (4.64–5.35%) were 
the major components. The isolated oils were also rich 
in borneol (4.88–5.51%), β-caryophyllene (3.14–3.64%) 
and eucalyptol (2.16–3.09%).

Generally, the major constituents of all of the tested 
lavender oil samples were the same. However, com-
pounds such as: β-thujene, α-terpinolene, lavandulol, 
nerol, geraniol, citronellyl formate, thymol, undecanal, 
hexyl hexanoate, α-cedrene, isospathulenol, β-sinensal, 
isopropyl myristate and methyl stearate were present 
only in the oils isolated in the Clevenger-type apparatus. 
Whereas, longifolene, geranylacetone, alloaromaden-
drene, germacrene D, α-selinene, β-bisabolene, trideca-
nal, humulene epoxide epi-α-muurolol, hexyl salicylate 
and (2E, 6E)-farnesol were detected only in the oils 
obtained in the Deryng apparatus.

The statistical analysis of the results presented in 
Table 4 shows that the type of distillation apparatus af-
fected the percentage content of some lavender oil con-
stituents. The highest concentrations of linalool (17.19%) 

Table 1. Essential oil content in lavender fl owers in dependence on distillation time and distillation apparatus



38 Pol. J. Chem. Tech., Vol. 25, No. 4, 2023

Table 2. Percentage composition of lavender oil in dependence on distillation time in the Deryng apparatus
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and linalyl acetate (16.78%) were noticed in the lavender 
oil obtained by 2-hour distillation in the Clevenger-type 
apparatus. However, the percentage content of caryoph-
yllene oxide was higher in the lavender oil obtained in 
the Deryng apparatus. Moreover, essential oil derived 
from lavender fl owers distilled in the Deryng apparatus 
was richer in cis- and trans-linalool oxide, neryl acetate, 
α-cadinol, cadalene and epi-α-bisabolol. For lavandulyl 
acetate the most effective was a 2 hours distillation time, 
less effective was 3 hours and the least effective was 4 
hours, both in the Deryng and Clevenger-type apparatus. 
A slightly higher percentage of camphor was recorded in 
the oil isolated from lavender fl owers by 2-hour distilla-
tion in the Clevenger-type apparatus. Interestingly, the 

content of this compound in the lavender oil isolated 
in the Deryng apparatus was almost equal, regardless 
of the duration of distillation.

 According to our analysis, a shorter distillation time 
(2 hours) of lavender fl owers may result in an essential 
oil richer in linalool, 1-octen-3-yl acetate, terpinen-4-ol, 
linalyl acetate, lavandulyl acetate and geranyl acetate. 
A higher content of γ-cadinene, τ-cadinol, α-cadinol and 
cadalene was noted in the essential oil obtained by two- 
and three-hour distillation. Hovewer, the concentrations 
of these constituents varied irregulary depending on the 
duration of distillation. In case of such constituents as 
eucalyptol, cis- and trans-linalool oxide, borneol, cryp-
tone, α-terpineol, neryl acetate, β-caryophyllene, (E)-β-
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Table 3. Percentage composition of lavender oil in dependence on distillation time in the Clevenger-type apparatus
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Origanum vulgare L. and Origanum minutifl orum were 
affected by the duration of distillation10, 19-22. The re-
sults obtained in the current study are similar to those 
reported previously by other researchers.

 The quality of lavender oil is determined by two fac-
tors: a pleasant aroma and a desired content of some 
constituents23. Moreover, the ratio of linalyl acetate to 
linalool should be greather than 1 in a good quality 
oil14. According to ISO requirements, the accetable 
ranges for the main components of L. angustifolia oil 
are: linalyl acetate (25–47%), linalool (20–45%), cis-β-
ocimene (1–10%), trans-β-ocimene (0.5–6%), 3-octanone 

farnesene, caryophyllene oxide and epi-α-bisabolol, time 
of distillation had no signifi cant effect on their content 
in lavender oil.

Our results are in line with those published by Baj 
et al.18, who stated that the differences in percentage 
composition of the essential oils obtained using Deryng 
and Clevenger-type apparatus can be explained by the 
differences in the construction of both devices. 

Literature survey shows that both the content and 
composition of the essential oils of Rosa damascena, 
Mentha piperita, Juniperus scopulorum, Acorus calamus, 
Lavandula angustifolia Mill., Foeniculum vulgare Mill., 
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(0–5%), camphor (0–1.5%), 1,8-cineole (0–3%), limonene 
(0–1%), terpinen-4-ol (0–8%), lavandulyl actetae (0–8%), 
lavandulol (0–3%) and α-terpineol (0–2%)23–24.

All the studied lavender oil samples contained less 
linalyl acetate, linalool, cis- and trans-β-ocimene than the 
range called for by ISO standard. They also contained 
higher level of α-terpineol (2.46–2.84%), than called 
for in the specifi cation (0–2%). Although, the levels of 
1,8-cineole (eucalyptol), limonene, 3-octanone, camphor, 
terpinen-4-ol and lavandulyl acetate were in the regulated 
ranges in the all investigated samples.

Based on the results presented in Table 5 it can be 
concluded that the higher quality lavender oils were 
obtained by hydrodistillation in the Deryng apparatus. 
The linalyl acetate to linalool ratio in the essential oils 
distilled in the Clevenger-type apparatus was slightly 
lower than that in the Deryng apparatus and only in 
case of 3-hour distillation was higher than 1. Moreover, 
the content of camphor (Table 4) in the essential oils 
obtained in the Deryng apparatus did not exceed 1%, 
which also confi rms their better quality.

The aspect related to the aroma quality of lavender 
oil is very important from the industrial point of view. 
Linalyl acetate is responsible for the floral-woody 
scent of the oil, while 1,8-cineole and camphor give it 
a sharper note. The presence of camphor in an amount 
exceeding 1.2% reduces the quality of the aroma, giving 
it a fresher accent25.

The chemical composition of the essential oil isolated 
by hydrodistillation from dried fl owers of L. angustifo-
lia cultivated in Wielkopolska was previously assessed 
by Śmigielski et al.26 Linalool (30.6%), linalyl acetate 
(14.2%), geraniol (5.3%), β-caryophyllene (4.7%) and 
lavandulyl acetate (4.4%) were the major constituents 

of oil. Other compounds, in a lesser amount were ter-
pinen-4-ol (3.4%), α-terpineol (2.7%), 1,8-cineole (2%) 
and lavandulol (1.6%). Moreover, these authors stated 
that only cis-β-ocimene, linalyl acetate and α-terpineol 
in Polish lavender oil are out of ranges of the ISO 
requirements. In addition, the study by Śmigielski and 
Prusinowska27 has shown that linalool (27.3–34.7%), lin-
alyl acetate (19.7–22.4%), lavandulyl acetate (4.5–5.7%), 
ocimene (1.9–2.9%), terpinen-4-ol (1.1–2.0%), lavandulol 
(0.6–0.8%), camphor (0.2–0.3%) and cineol (0.2–0.5%) 
characterized the essential oils isolated from L. angus-
tifolia cultivated in Poland.

Our results are partly in line with the fi ndings of 
Śmigielski et al.26 Interestingly, the content of linalool 
and linalyl acetate found in our oils was also lower than 
that reported by Śmigielski and Prusinowska27 in Polish 
lavender. Such differences in the chemical composition 
of lavender oils are most likely due to different weather 
conditions during lavender growing or fertilization.

Table 4. Content of main essential oil constituents in lavender fl owers in dependence on distillation time in the Deryng and Clevenger 
apparatus

Table 5. Comparison of the linalyl acetate to linalool ratio for 
lavender oils isolated in the Deryng and Clevenger-type 
apparatus
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CONCLUSIONS

In this study, the infl uence of the type of distillation 
apparatus and duration of hydrodistillation on essential 
oil content and composition of L. angustifolia were in-
vestigated. It was observed that increasing distillation 
time did not result in higher essential oil content, both 
in the Deryng and Clevenger-type apparatus. It was 
revealed that linalool, linalyl acetate, caryophyllene 
oxide, lavandulyl acetate and borneol dominated in 
the all analysed oil samples. The obtained oils did not 
conform to the requirements of ISO for the chemical 
composition of L. angustifolia Mill. The main reason 
for such nonconformity was the percentage of linalool, 
linalyl acetate and ocimenes. Additionally, it was proved 
that in order to obtain the essential oil with the highest 
content of linalool and linalyl acetate, the process of 
hydrodistillation should by carried out by 2 hours in the 
Clevenger-type apparatus. If a low-camphor oil (below 
1.2%) is desirable, lavender fl owers need to be distilled 
for 2 hours in the Deryng apparatus.
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