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Abstract: This study investigates the enantiomeric composition and possibilities of analysis of 1-
octen-3-yl acetate (OcAc), a chiral compound found in various samples of lavender essential oils
(EOs). Essential oils are complex mixtures exhibiting diverse biological activities and are often subject
to sophisticated adulteration methods, necessitating advanced analytical techniques for authenticity
verification. Using gas chromatography-mass spectrometry and chiral gas chromatography, the anal-
ysis of lavender EOs samples determines the presence and enantiomeric ratios of OcAc. The results
showed significant variations in the oils; however, there were minimal differences in enantiomeric
purity among samples sourced from France, Bulgaria, and Slovakia. Major components such as
linalool and linalyl acetate were predominant. The high enantiomeric purity of OcAc observed across
all samples indicated there was no adulteration by synthetic products. The study underscores the
importance of rigorous analytical methods to ensure the quality and authenticity of EOs, highlighting
the influence of geographical origin on their chemical composition. These findings provided valu-
able insights into the factors affecting the authenticity and possible therapeutic efficacy of lavender
essential oil.

Keywords: 1-octen-3-yl acetate; essential oils; gas chromatography; chiral analysis; lavender oil;
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1. Introduction

Essential oils (EOs) are generally complex matrices composed of terpenes, terpenoids,
sesquiterpenes, epoxides, aldehydes, esters, amines, and sulfides that form a concentrated
and distinct aroma [1]. EOs have a wide range of uses because of their biological activities,
such as their antibacterial, antioxidant, antifungal, virucidal, and antiparasitic properties.

Lavender extract has shown antimicrobial activity against three species of medically
important yeasts belonging to the genus Candida and can also evaluate the microbiolog-
ical safety of the creams inoculated with C. albicinas, Staphylococcus aureus, Pseudomonas
aeroginosa, and Escherichia coli over a nine-month storage period [2-5]. Recent studies
have expanded on the therapeutic properties of lavender oil, highlighting its potential
in managing anxiety, depression, and other neurological disorders, making it a valuable
component in complementary and alternative medicine [6].

Additionally, EOs of Zataria multiflora chemotypes containing valuable phenolic com-
pounds, thymol, and carvacrol exhibited strong antifungal activities against a broad spec-
trum of important agricultural and food pathogens [7]. Research also shows that EOs
from Thymus vulgaris are effective against several RNA viruses in vitro [8]. Furthermore,
lavender oil has been studied for its anti-inflammatory properties, which are crucial in
treating chronic inflammatory conditions [9].
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Natural EOs, which are produced as a secondary metabolites in various parts of
aromatic plants such as flowers, roots, leaves, and stems are very popular. To satisfy the
high commercial demand and to reduce costs, there is a temptation to adulterate EOs using
sophisticated methods. Common techniques instead of natural cold-press EOs include
the addition of distilled oils or non-volatile ingredient dilution with cheaper EOs (or their
terpenes) and the addition of synthetic compounds [5]. The increasing use of EOs in
the pharmaceutical and cosmetic industries has raised concerns about their quality and
authenticity, necessitating more stringent regulatory standards and advanced analytical
techniques [10].

Nowadays, the adulteration of EOs is more ingenious, making it harder to determine
their authenticity; therefore, the tools employed to assess the quality of EOs have to be
more reliable [11]. In general, analytical separation techniques such as gas chromatography
(GC), liquid chromatography, high-performance thin layer chromatography, and spectro-
scopic techniques are a key techniques for determining authenticity of EOs. Additionally,
chiral GC is a powerful technique for determining authenticity and is crucial for detecting
adulterants [5,12]. The development of new analytical methods, such as multidimensional
gas chromatography and tandem mass spectrometry, has further enhanced the ability to
detect EO adulteration with greater precision [13].

Compounds from EOs are mostly chiral, occurring in specific enantiomer ratios, often
unique to the EOs. Chiral analysis allows the detection of synthetic substituents, usually in
racemic form added to natural EOs, by using values of enantiomeric purity and excess [12].
Despite having the same physical properties, enantiomers can differ in odor quality, odor
properties, taste, and biological activity. For example, (R)-citronellol has a typical citronella
odor, while (S)-citronellol has a geranium-type odor. Additionally, (R)-2-heptyl acetate is
described as green, fatty, and banana like and (5)-2-heptyl acetate as mushroom, earthy,
and wild berry like [13]. This differentiation is critical in the fragrance industry, where the
specific odor profiles of enantiomers can significantly impact the marketability of EO-based
products [14].

Lavender essential oil, in particular, has been widely studied due to its rich and
diverse chemical composition. Studies have identified major components such as linalool
and linalyl acetate, which are crucial for assessing oil quality and therapeutic benefits.
These findings underscore the importance of rigorous analytical methods to ensure the
quality and authenticity of lavender EOs [14]. Recent advancements in metabolomics and
chemometric techniques have enabled a more comprehensive profiling of lavender oil
constituents, providing deeper insights into its therapeutic potential and geographical
origin [15].

1-octen-3-yl acetate (OcAc) is usually a colorless liquid with a fresh-herbaceous fruity,
minty, lavender odor [15]. It belongs to the class of carboxylic fatty acid esters and, ac-
cording to the database of Volatile Compounds in Food, is reported to occur in some types
of foods and is also found in some natural complex substances like Agastache species,
melon, cormint oils, mentha oils, certain type of thymus, and other varieties of mushrooms
and anise hyssop [16]. Due to the lavender-like odor of OcAc, it could also be present in
lavender oils. Overall, its volume of use is 1-10 metric tons per year [10]. OcAc is also
a chiral compound. The enantiomers of OcAc, like many other chiral compounds, can
have distinct odors due to their different interactions with olfactory receptors, although
specific odor profiles for these enantiomers might not be extensively documented. The
(R)-enantiomer of OcAc is likely to have a fresh, herbaceous, fruity, and minty lavender-like
aroma. This profile aligns with the general perception of OcAc in nature, which is asso-
ciated with pleasant, fresh scents. It would be preferred in applications where a cleaner,
more vibrant scent is desired, such as in high-quality perfumes, personal care products,
and aromatherapy. The (S)-enantiomer of OcAc might exhibit a different odor profile,
potentially with earthier, mushroom-like, or more subdued undertones compared to the
(R)-enantiomer [16]. In lavender essential oils, OcAc enhances both the fragrance and
potential therapeutic properties, such as antimicrobial and antioxidant effects. Extracted
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through methods like steam distillation or solvent extraction, it is widely used in perfumes,
cosmetics, and flavorings. Obtaining natural OcAc is challenging, but essential oils, partic-
ularly lavender oil, are promising natural sources, highlighting the importance of rigorous
analytical methods to ensure the quality and authenticity of these oils [4,12].

The aim of this work was to characterize lavender essential oils from different sources,
focusing on the enantiomeric composition of OcAc, determined by gas chromatotography
as an indicator of authenticity.

2. Materials and Methods
2.1. Chemicals and Standards

OcAc, with a purity of 99% as a natural standard was purchased commercially from
Axxence Slovakia s.r.o. (Bratislava, Slovakia). Racemic OcAc standard, with a 95% purity,
was purchased from BLD Pharm ltd. (Shanghai, China). Samples of lavender essential
oils were commercially available in stores and were obtained from various producers. All
samples of levander EOs were derived from the same species of lavender plant Lavandula
augustifolia from southeastern France, northeastern Bulgaria, and western Slovakia. All
lavender essential oil samples were purchased from stores in Slovakia.

2.2. GC-MS Analysis of EOs

An amount of 20 uL of each essential oil was added to 1.5 mL standard chromato-
graphic vials with glass inserts; 0.01 pL of each sample without dilution with solvent
was directly injected via an autosampler using a 0.5 pL syringe (SGE, Trajan, Australia)
into the GC column in split mode with a ratio of 1:20. The inlet temperature was set at
280 °C. Analysis was conducted using an 8890 gas chromatograph coupled to a 5977B
single-Quadrupole Mass Spectrometer (Agilent Technologies, Palo Alto, CA, USA). The
column was HP-5, 30 m in length, with a non-polar stationary phase and 0.25 mm internal
diameter and 0.25 pm film thickness, and was purchased from Agilent Technologies. The
temperature program started at 40 °C and was then ramped to 310 °C at 2 °C/min and held
for 2 min. The carrier gas was helium (5.0, Messer, Slovakia), with a starting flow rate of
3.514 mL/min and a constant pressure of 180 kPa during the whole GC separation. An MS
detector with electron ionization of 70 eV was operated in scanning mode in a mass range
of m/z 33 to 330 amu. The temperature of the MS detector quadrupole was set at 150 °C and
the ion source temperature was set at 230 °C. After analysis, compounds were identified
(minimal match at 80%) by comparing each mass spectrum with the spectra from reference
library NIST 20 (Gaithersburg, MD, USA). Volatile compounds were quantified and are
reported as a relative area percent (rel. GC%). Samples were analyzed in randomized
order in one run. Chromatographic data were processed by MSD ChemStation FO1 (Agilent
Technologies).

2.3. Chiral GC-MS Analysis of Selected EOs

For determining the enantiomer ratio, lavender essential oils, in which OcAc was
identified, were analyzed by an Agilent 6890N gas chromatograph coupled to a chiral GC
column and MS detector 5793 (Agilent Technologies, Palo Alto, CA, USA). Based on an
artificial (racemic) standard of OcAc from BLD Pharm, the retention times of both (R- and
S-) enantiomers were determined. The enantiomer ratio was calculated by the relative peak
area of each enantiomer. An amount of 0.1 pL of each sample was directly injected with
split mode 50:1. Inlet temperature was set to 280 °C. The column was CYCLOSIL-B, 30 m in
length, with a chiral stationary phase, 0.25 mm internal diameter, and 0.25 um film thickness,
purchased from Agilent Technologies. The temperature program started at 100 °C for 1 min
and was then ramped to 200 °C at 7 °C/min and held for 2 min. Helium (5.0) was used as
the mobile phase, with a constant flow of 1.3 mL/min. The MS detector was working with
an electron ionization of 70 eV in selected ion-monitoring mode with selected ions m/z 99
and 128 (for quantifying). The dwell time was 80 ms. The temperature of the MS detector
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ion source was set at 230 °C and the temperature of the quadrupole was set at 150 °C.
Chromatographic data were processed by MSD ChemStation FO1 (Agilent Technologies).

3. Results

The variety and location of sources of the lavender essential oil samples analyzed in
this study are presented in Table 1. The samples were sourced from different geographical
regions, including France, Bulgaria, and Slovakia. All samples were derived from Lavandula
angustifolia. The analysis of essential oil samples revealed the presence of OcAc in varying
concentrations across the different lavender oil samples. The results from qualitative
analyses are shown in Table 2.

Table 1. Producer, variety, and location for lavender EOs.

EO Sample Variety Location
1 Lavandula angustifolia southeastern France
2 Lavandula angustifolia southeastern France
3 Lavandula angustifolia southeastern France
4 Lavandula angustifolia northeastern Bulgaria
5 Lavandula angustifolia western Slovakia

The chiral analysis using GC-MS revealed small differences in the enantiomeric ratios
of OcAc in the lavender essential oils. Enantiomeric separation of racemic and natural
OcAc compared with lavender EO 1 is shown in Figure 1. The results are shown in Table 3.
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Figure 1. GC-MS-SIM (m/z 128) chromatograms from chiral analysis 1-octen-3-yl acetate.
EO—essential oil.
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Table 2. Composition of lavender essential oils: all compounds with rel. GC% over 0.1.

EO Sample 1 2 3 4 5
Compound
a-pinene 020 0.20 - 0.17 -
camphene 016 012 031 022 -
1-octen-3-o0l 021 019 031 018 020
3-octanone 060 039 088 1.04 0.66
B-myrcene 058 043 034 189 023
3-octanol - - 027 1.04 023
butyl butanoate 021 0.18 - 0.52 -
nerol - - - 021 013
3-carene 0.27 - - 0.16 -
hexyl acetate 041 039 033 097 032
p-cymene 031 024 016 016 031
D-limonene - 034 016 086 0.12
eucalyptol 082 078 010 142 070
lavender lactone - - - - 0.26
trans-B-ocimene 329 284 069 315 0.16
B-ocimene 154 300 051 3.55 -
ethyl,2-(5-methyl-5-vinyltetrahydro-furan-2-yl) propan-2-yl carbonate ~ 0.27  0.18  0.59 - 2.85
7Y-terpinene - 0.11 - 0.21 -
linalool oxide 025 018 048 0.66 261
a-terpinolen - - - 0.63 -
linalool 288 245 389 356 188
1-octen-3-yl acetate 118 112 053 119 126
3-octanol acetate - - - 022 0.14
alloocimene 034 0.38 - 041 -
camphor 028 031 077 056 042
endo-borneol 074 070 199 181 1.01
lavandulol 123 103 023 121 0.83
trans-linalool 3,7-oxide - - - - 0.29
terpinen-4-ol 387 443 021 437 209
benzenemethanol, «a,a,3-trimethyl- - - - - 0.26
2,6-dimethyl-3,7-octadiene-2,6-diol - - - - 2.51
cryptone 025 017 - 0.38 -
«-terpineol 133 059 064 575 -
nerol 0.16 - - 0.97 -
cumic aldehyde - - - 0.27 -
hexyl butanoate 046 044 073 - -
linalyl acetate 328 393 375 171 308
bornyl formate - - - - 0.32
bornyl acetate 0.18 0.16 - 025 022
2,6-dimethyl-1,7-octadien-3,6-diol - - - - 0.50
lavandulol acetate 550 027 050 341 388
geranyl acetate (Z) 0.52 - - 141 022
geranyl acetate (E) 1.07 059 062 263 039
hexyl hexanoate - - - - 0.27
caryophyllene 422 519 4.04 211 -
santalene - - - - 0.61
cis-n-bergamotene 017 017 0.26 - 0.13
humulene 011 015 - - -
germacrene D 038 0.44 - 0.21 -
y-muurolene 020 0.17 - - -
B-farnesene 294 224 197 - -
caryophyllene oxide 1.10 063 098 031 -
«-bisabolol - - 0.17 - 0.41

“-”—under 0.1 rel. GC% content.

Table 3. Ratio of OcAc enantiomers (rel. GC%) in lavender essential oil samples.

Sample (R)-OcAc (S)-OcAc
Natural OcAc * 97.0 3.0
EO1 99.5 0.5
EO2 99.8 0.2
EO3 99.9 0.1
EO4 99.7 0.3
EO5 99.8 0.2

* Product of Axxence Slovakia, s.r.o.



Symmetry 2024, 16, 973

6 0f 8

4. Discussion
4.1. GC-MS Qualitative Analysis

Numerous essential oils, including those from basil, bergamot, cardamom, coriander,
eucalyptus, geranium, grapefruit, clove, lemon, lavender, cinnamon, wild orange, oregano,
peppermint, Siberian fir, spearmint, tea tree, and thyme, were analyzed using GC-MS
(unpublished results). Among the various oils tested, 1-octen-3-yl acetate was found only
in lavender oil. Consequently, our research focused on lavender oil, conducting further
chiral analysis to determine the enantiomer ratios for verifying the authenticity of lavender
oils from different producers.

GC-MS analysis of lavender essential oils from various sources (EO1 to EO5) reveals a
rich and diverse chemical composition. Major components such as linalool (18.8% in EO5
to 38.9% in EO3) and linalyl acetate (17.1% in EO4 to 39.3% in EO2) dominate the profiles,
and are essential markers of high-quality lavender oil. Sesquiterpenes like caryophyllene
(2.11% in EO4 to 5.19% in EO2) and monoterpenes including x-pinene (0.17% in EO4 to
0.20% in EO1 and EO2) and camphene (0.12% in EO2 to 0.31% in EO3) contribute to the oils’
characteristic aroma and potential therapeutic properties. Similarly, the study by Beale et al.
(2017) used GC-MS to analyze lavender oils, identifying linalool and linalyl acetate, which
are crucial for assessing oil quality, as dominant components. Their findings underscore the
importance of these compounds in authenticating and evaluating the therapeutic benefits of
lavender oils. Additionally, Shellie et al. (2002) characterized lavender essential oils using
GC-MS, highlighting the correlation of linear retention indices with compound profiles,
further supporting the relevance of detailed chemical analysis for quality assessment.
These studies collectively emphasize the significance of advanced analytical techniques in
ensuring the authenticity and therapeutic efficacy of lavender essential oils [17,18].

Oxygenated compounds, such as eucalyptol (0.70% in EO5 to 1.42% in EO4), lavan-
dulol acetate (0.27% in EO2 to 5.50% in EO1), and terpinen-4-ol (0.21% in EO3 to 4.43% in
EQO2), enhance the antimicrobial efficacy of the EO. Esters and alcohols, including butyl
butanoate (0.18% in EO2 to 0.52% in EO4), hexyl acetate (0.32% in EO5 to 0.97% in EO4),
1-octen-3-ol (0.18% in EO4 to 0.31% in EO3), and 3-octanol (0.23% in EO5 to 1.04% in EO4),
though only present in moderate amounts, significantly influence the fragrance profile with
their fruity and floral scents. A characteristic compound with content between 0.53% in
EO3 to 1.26% in EO5 was OcAc, with a levander and mushroom-like scent [16].

Trace compounds like y-terpinene (0.11% in EO2) and a-terpinolen (0.63% in EO4),
and unique components such as ethyl-2-(5-methyl-5-vinyltetrahydrofuran-2-yl) propan-2-
yl carbonate (0.18% in EO2 to 2.85% in EO5) and cis-a-bergamotene (0.13% in EO5 to 0.26%
in EO3), despite their lower concentrations, contribute to the complexity and authenticity
of the oils.

The identified compounds underscore the geographical and botanical influences on
lavender EOs and highlight the importance of GC-MS in ensuring their quality, authenticity,
and therapeutic efficacy [12] .

4.2. GC-MS Chiral Analysis

Table 3 provides information on the producer variety and location for each lavender
essential oil sample, which are crucial for understanding the geographical influence on
the chemical profiles. EOL1 is sourced from France, and EO2 and EO3 are also sourced
from France, suggesting that these samples might share similar characteristics due to being
produced in the same country, though slight regional variations could still be present. EO4
is sourced from Bulgaria, potentially showcasing a different chemical profile influenced
by the distinct climatic and geographical conditions of this region. EO5 is sourced from
Slovakia, adding another layer of geographic diversity.

Table 2 explores the enantiomer ratios of OcAc in the lavender EO samples, empha-
sizing the chiral purity of these compounds. The natural product standard exhibits 97.0%
(R)-OcAc and 3.0% (S)-OcAc, serving as a baseline for comparison. EO1 shows an enan-
tiomeric purity of 99.5% (R)-OcAc and 0.5% (S)-OcAc, indicating a high level of natural



Symmetry 2024, 16, 973

7 of 8

References

composition. EO2 and EO3 exhibit 99.8% and 99.8% (R)-OcAc, with slight variations in
(5)-OcAc at 0.2% and 0.1%, respectively, indicating no synthetic material addition. EO4 also
has a high purity of 99.7% (R)-OcAc and 0.3% (5)-OcAc, aligning closely with the natural
standard. EO5 stands out with the highest enantiomeric purity of 99.8% (R)-OcAc and 0.2%
(5)-OcAc, indicating exceptional quality.

The data in Tables 2 and 3 collectively highlight the geographical diversity and chiral
purity of the lavender EOs samples, providing valuable insights into the factors influencing
their chemical compositions and the authenticity of the oils [5].

5. Conclusions

This study provided a detailed analysis of lavender essential oils from various regions
using advanced techniques such as GC-MS and chiral analysis. We focused on 1-octen-3-yl
acetate (OcAc), a key chiral compound in lavender oil. The results revealed a diverse
chemical composition across different lavender oil samples, with linalool and linalyl acetate
as predominant components.

OcAc was found only in lavender oil among the various essential oils tested, high-
lighting its significance in lavender’s scent. Chiral analysis showed the high enantiomeric
purity of OcAc, with (R)-OcAc percentages ranging from 99.7% to 99.9%, confirming no
synthetic adulteration and high authenticity.

These findings underscore the importance of rigorous analytical methods in ensuring
essential oil quality and authenticity. They also highlight the influence of geographical
origin on lavender oil composition, providing valuable insights for producers, consumers,
and regulators. Understanding compounds like OcAc is crucial for sourcing high-quality,
natural products that meet commercial and therapeutic standards.

In summary, this research enhances the scientific understanding of lavender essential
oils and emphasizes the importance of maintaining high standards in production and au-
thenticity verification. Future research should explore essential oil composition variability
and its implications for quality control and therapeutic efficacy.
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