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Abstract 

Lavender essential oil is widely used in perfumery, cosmetics, aromatherapy, and food applications, with quality 

largely determined by the composition of key monoterpenoids. Common lavender (Lavandula angustifolia) is 

regarded as the reference species for ISO-compliant oils due to its characteristic aroma profile and low camphor 

content. This study compared steam distillation (SD), simultaneous distillation–extraction (SDE), and solvent-

assisted flavor evaporation (SAFE) to investigate their effects on the volatile composition of dried L. angustifolia 

flowers. Volatiles were analyzed by gas chromatography–mass spectrometry (GC-MS), and four key odorants 

(linalool, linalyl acetate, lavandulol, and lavandulyl acetate) were quantified by gas chromatography–flame 

ionization detection (GC-FID). A total of 30 compounds were identified using spectral and retention index 

matches to an in-house library and the NIST 17 library. Two-way ANOVA revealed significant differences 

among extraction methods (p-value < 0.05). SD yielded the highest concentrations of linalool and linalyl acetate, 

consistent with ISO 3515:2002 specifications, whereas SAFE produced the lowest amounts but the most diverse 

volatile profile, including more thermally labile and minor constituents than SD or SDE. These results highlight 

a clear trade-off: SD maximizes yields of ISO-defined volatiles, whereas SAFE better reflects aroma 

authenticity, offering complementary insights for lavender quality assessment from a sensomics perspective. 
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1 Introduction 

 

Lavender species of the genus Lavandula belong to 

the Lamiaceae family. This family includes over 30 

species and almost 400 registered cultivars [1]. 

Although Lavandula species are native to the 

Mediterranean area, it is cultivated worldwide for their 

essential oils (EO), which are commonly used in 

aromatherapy, perfumery, personal care, and food 

products. The three main commercial species for the 

production of lavender EO are: common lavender (L. 

angustifolia), spike lavender (L. latifolia) and 

lavandin (L. intermedia) - a hybrid of L. angustifolia x 

L. latifolia [2].  

True lavender (L. angustifolia) EO is more 

expensive than the other lavender species due to its 

high quality and low oil yield of only 2–5%. Lavandin 

cultivars, on the other hand, are more robust and have 

a yield of 3 times more oil than lavender. As a result, 

world production of lavender is now mainly focused 

on lavandin [3]. World production of lavender EO is 

about 200 tons per annum, while lavandin EO is 

significantly higher at 1200 tons per annum [4], [5]. 

Lavender EOs are sometimes misidentified or 

marketed as spike lavender or lavandin oils [6]. 

Volatile components of these oils are dependent on 

plant chemotype, geographic region of origin, harvest 

conditions and post-harvest treatments like storage 

and drying [7], [8]. The key difference between the 

EOs is the low amount of camphor in lavender EO 

(less than 1%), while lavandin EO contains about 10-

12% camphor [4], [9]. Lavender EO is extracted by 

steam distillation (SD) of L. angustifolia leaves and 

flowers [5]. The quality and composition of the EO is 
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influenced by distillation time. Short distillation times 

yield oils that are missing compounds with higher 

boiling points. However, longer distillation times may 

yield oils with unpleasant smells [4]. The primary 

volatile components of lavender EO are 

monoterpenoids like linalool and linalyl acetate [10]–

[12]. Based on the European Pharmacopoeia’s 

reference value, lavender EO must contain between 

20–45% linalool, 25-46% linalyl acetate and less than 

1.2% camphor [3]. In higher quality lavender EO, the 

ratio between linalyl acetate and linalool should be 

greater than 1 [4]. Almost 75% of the total EO yield is 

obtained within the first 25 minutes of distillation to 

produce a commercial-grade lavender EO. Today, 

some industrial distillation processes operate at high 

temperature and pressure to shorten extraction time, 

which may affect oil quality. In certain cases, 

synthetic aroma compounds such as linalyl acetate 

may be added to adjust fragrance characteristics [13], 

[14]. 

Aside from steam distillation (SD), there are 

several other methods used to extract the volatile 

components of food or plant matrices which have been 

reported in literature such as: Simultaneous distillation 

extraction (SDE) [15], solid-phase micro extraction 

(SPME) [16], solvent-assisted flavor evaporation 

(SAFE) [17], supercritical CO2 (SFE) and ultrasound-

assisted extraction (USE) [18]. SDE combines both 

steam distillation and liquid-liquid extraction using a 

volatile solvent. Since both SD and SDE are carried 

out at elevated temperatures, this may also lead to the 

formation of artefacts such as esters and acetals [19]–

[21], which may not necessarily be viewed negatively 

in perfumery [22]. SPME is a solvent-free extraction 

technique that utilizes a piece of fused silica coated 

with a liquid or solid phase to extract volatile 

components [23]. This technique is simple, fast [24] 

and selective to the types of target aroma compounds 

based on the material of the coating. SAFE is a 

versatile technique to extract volatile aroma 

components from food matrices in both aqueous 

matrices and solvent extracts [17]. Moreover, SAFE is 

performed at a low temperature (about 40 °C) and high 

vacuum (5 x 10-3 Pa), hence preventing the formation 

of artefacts as well as preserving thermally unstable 

compounds [25], [26]. Recent studies have combined 

advanced analytical platforms such as GC–IMS and 

GC–MS with multivariate analysis to 

comprehensively characterize volatile organic 

compounds in lavender EOs, enabling improved 

differentiation of chemotypes and aroma 

characteristics [10]. However, regardless of analytical 

sophistication, the representativeness of the aroma 

profile fundamentally depends on the extraction 

technique, highlighting the importance of gentle 

approaches such as SAFE for preserving thermally 

labile and low-abundance odorants. 

The aim of this work is to evaluate how three 

different extraction techniques would influence the 

volatile composition of dried lavender flowers and to 

assess their respective advantages and limitations. 

Comparative analysis of SD, SDE and SPME for 

lavender has already been reported in literature 

[11],[27]. Although SD and SDE have been previously 

reported for lavender, SD is the industry reference 

method for ISO-compliant EO, while SDE provides 

improved recovery of semi-volatile compounds, 

allowing comparison with existing literature. 

However, both techniques involve high temperatures 

that may induce thermal degradation or artefact 

formation. SAFE, a high-vacuum, low-temperature 

method, has not been widely reported for dried 

lavender and is expected to better preserve thermally 

labile volatiles. Therefore, SD and SDE were included 

as benchmark techniques, and SAFE was selected to 

evaluate whether a gentler extraction yields a more 

representative aroma profile. 

 

2 Materials and Methods 

 

2.1  Samples 

 

A 250 g dried lavender flowers (L. angustifolia) were 

commercially purchased from Phoon Huat Pte Ltd 

(Singapore). The sample was stored in a sealed bag at 

-20 °C prior to use. Lavender EOs (L1 and L2) were 

obtained from Thursday Plantation (USA) and Nila 

Singapore Pte Ltd (Singapore), respectively. Lavandin 

EOs, LN1 and LN2 were obtained from Nila 

Singapore Pte Ltd (Singapore). 

 

2.2  Chemicals and reagents 

 

Anhydrous diethyl ether (> 99.00 %, AR grade) was 

purchased from VWR (Singapore), pentane (HPLC 

grade) and hexane (> 95.0 %, HPLC certified) were 

purchased from Tee Hai Chem (Singapore), C7-C30 

saturated alkanes standard and 1-undecanol were 

purchased from Sigma Aldrich (USA). Ultrapure 

water was obtained from a Milli-Q water purification 

system (Sartorius, Germany). Anhydrous sodium 

sulphate was purchased from GCE Lab Chemicals 

(Singapore). Pentane-diethyl ether (1:1.12) mixture 

was distilled before use. The Likens-Nickerson 
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apparatus was obtained from UFO Labglass 

(Singapore), the SAFE apparatus from Glasbläserei 

Bahr (Germany). Where possible, all glassware was 

washed and pyrolyzed in a pyrolysis oven (Jin Gang, 

Singapore) at 450 °C for at least 6 hours prior to use. 

 

2.3  Sample preparation 

 

2.3.1  Moisture analysis 

 

The moisture content of dried flowers (1 g) was 

determined in triplicate using an HS153 moisture 

analyzer (Mettler Toledo, Ohio, USA) in triplicates. 

 

2.3.2  Sample S1: Steam Distillation (SD) 

 

Ultrapure water (700 mL) was added to a 1 L 

distillation boiling flask, and a 50 g portion of lavender 

flowers was placed in a charging flask above it. The 

flask was connected to a connection catheter, which 

was subsequently connected to a condenser and a 

constant pressure separator receiver. The flask was 

heated to boiling by an electric heater for 2 h and then 

allowed to cool for 45–60 min. Two layers were 

observed in the receiver, consisting of hydrosol 

(bottom) and lavender EO (top). The fractions were 

collected separately. Anhydrous sodium sulphate was 

added to the organic fraction and then filtered through 

hydrophobic poly-tetrafluoroethylene (PTFE) syringe 

filters (13 mm, 0.22 µm) (Thermo Scientific, China). 

The samples were subsequently sealed and stored at 4 

°C prior to analysis. 

 

2.3.3  Sample S2: Simultaneous Distillation 

Extraction (SDE) 

 

SDE was performed using a Likens-Nickerson 

apparatus [15]. A 25 g portion of dried flowers and 

200 mL ultrapure water were added to a 1 L round-

bottom flask, while 12.5 mL distilled pentane-diethyl 

ether mixture (1:1.12) was added to a 50 mL round-

bottom flask. The circulating water temperature was 

maintained at 4 °C. The flask with dried flowers and 

water mixture was heated to boiling by an electric 

heater, while the flask with solvent was heated over a 

50 °C water bath. The biomaterial was extracted for 1 

h, after which the apparatus was cooled. The collected 

solvent extracts were dried with anhydrous sodium 

sulphate and filtered using WhatmanTM Grade 1 

cellulose filter paper (Cytiva, USA) and concentrated 

to 1 mL using a Vigreux distillation column. The 

extract was stored at 4 °C prior to analysis. 

2.3.4  Sample S3: Solvent Assisted Flavor Extraction 

(SAFE) 

 

A 15 g portion of dried lavender flowers was flash 

frozen in liquid nitrogen, ground, and stirred with 100 

mL distilled pentane-diethyl ether (1:1.12) for 1 hour. 

The mixture was filtered using WhatmanTM Grade 1 

cellulose filter paper (Cytiva, USA), and the residue 

was re-extracted twice with 100 mL of solvent. The 

combined filtrates were dehydrated using anhydrous 

sodium sulphate, filtered, and subjected to SAFE 

distillation to obtain the volatile fraction [17]. During 

the process, the water bath temperature was 

maintained at 30 °C and the circulating jacket at 20 °C. 

The pressure was reduced to approximately 10-6 mbar, 

and the volatiles were collected in a liquid-nitrogen-

cooled flask. The extract was then thawed, 

concentrated to 1 mL using a Vigreux column, and 

stored at 4 °C until analysis. 

 

2.4  GC-MS and GC-FID analysis 

 

GC-MS analysis was carried out using an Agilent 

7890B GC System coupled to a 5977B mass 

spectrometer (MS) (Agilent Technologies, Santa 

Clara, CA, USA) equipped with a multimode inlet 

(Gerstel GmbH & Co.KG, Germany).  Separation was 

achieved on a non-polar J&W HP-5 MS UI capillary 

column (30 m x 0.25 mm x 0.25 µm) (Agilent 

Technologies, Santa Clara, CA, USA). The stationary 

phase for the column is (5%-phenyl)-

methylpolysiloxane, with low bleed characteristics. A 

straight ultra-inert inlet liner with glass wool (Agilent 

Technologies, Santa Clara, CA, USA) was used. The 

split ratio was 1:300 with an injection volume of 1 µL. 

Analyses were carried out in triplicate. Samples S1, 

L1, and L2 were diluted 100-fold, while S2 and S3 

were diluted 10-fold in hexane. The oven temperature 

program was 50 °C (3 °C/min) to 180 °C (10 °C/min) 

and then held at 270 °C for 10 minutes. Helium carrier 

gas was set at a constant flow of 1.0 mL/min. The MS 

was operated in electron ionization mode at 70 eV, 

with a scan range of m/z 50 to 450 in full scan mode 

and an acquisition rate of 3.6 scans/s. The source and 

transfer line temperatures were 230 °C and 250 °C, 

respectively. Methanol and hexane were used for 

blank runs and needle washing.  

GC-FID analysis was carried out using an 

Agilent 7890A GC system equipped with a flame 

ionization detector (FID) and a split/splitless injector 

(Agilent Technologies, CA, USA). The column and 

oven program were identical to those used for GC–
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MS. The split ratio was 1:100 with an injection 

volume of 1 µL. Analyses were performed in 

triplicate. Carrier gas flow (helium) was 1.0 mL/min. 

Hydrogen, air, and make-up gas flow rates were 30, 

400, and 25 mL/min, respectively. 

 

2.5  Data processing analysis 

 

Volatile compounds were putatively identified by 

comparison of mass spectra and Kovats retention 

indices (RI) with an in-house library and the NIST17 

database. The RIs were calculated using C7 to C30 n-

alkane standards diluted in hexane [28]. For GC-MS 

analysis, peaks were integrated using Agilent’s Mass 

Hunter Unknowns Analysis 8.0 with a signal-to-noise 

threshold of 3, using Total Ion Chromatogram (TIC) 

Analysis for peak detection mode. Compounds with 

an area below 0.05% were excluded, and a minimum 

spectral match factor of 80 was applied. GC–FID peak 

integration was performed using Agilent CDS 

OpenLab ChemStation with the same signal-to-noise 

threshold. Quantification of the 4 major compounds in 

lavender extracts (linalool, linalyl acetate, lavandulol 

and lavandulyl acetate) was carried out according to 

the International Organization of the Flavor Industry 

(IOFI) recommended practice [29] using relative 

response factors (RRF) and 1-undecanol (100 µg) as 

internal standard (ISTD), as described previously [30]. 

Briefly, the predicted RRF formula is as follows: 

 
𝑅𝑅𝐹𝐴

= 103(𝑀𝑊𝐴/𝑀𝑊𝐼𝑆𝑇𝐷) (
−61.3 + 88𝑛𝑐 + 18.7𝑛𝐻 − 41.3𝑛𝑂
+6.4𝑛𝑁 + 64.0𝑛𝑆 + 127𝑛𝐵𝑒𝑛𝑧

)
−1

 

 

where A is the compound of interest, MWA and 

MWISTD are molecular masses of A and ISTD, 

(undecanol) respectively, nC, nH, nO, nN and nS are the 

number of carbon, hydrogen, oxygen, nitrogen and 

silicon atoms, respectively, while nBenz is the number 

of benzene rings. The details of the calculations can be 

found in Supplementary Info. 

Principal component analysis (PCA) was 

performed using R Statistical Software (v4.1.2; R 

Core Team 2021). Analysis of variance (ANOVA) 

was used to determine the difference in the extraction 

based on the composition of volatile compounds 

detected in samples at 95% confidence interval. 

Differences are significant if the p-value is less than or 

equal to 0.05. Tukey’s Honest Significant Difference 

post-hoc test was used to determine significant 

differences for each compound. Both 2-way ANOVA 

and Tukey’s test were performed using Microsoft 

Excel 365 (2021). 

 

3 Results and Discussion 

 

3.1  Authentication 

 

To verify the authenticity of the dried L. angustifolia 

sample, the in-house steam-distilled oil (S1) was 

analyzed alongside two commercial lavender EOs 

(L1, L2) and two lavandin oils (LN1, LN2). 

International specifications for lavender and lavandin 

oils are defined by ISO 3515:2002 (L. angustifolia) 

[31] and ISO 8902:2009 (L. intermedia) [32], both of 

which are based on steam-distilled oils from flowering 

tops. These standards specify acceptable ranges for 

key compounds, including linalool (20–45 % in 

lavender; 24–35 % in lavandin), linalyl acetate (25–47 

% vs. 28–38 %), camphor (0–1.2 % vs. 6–8 %), and 

eucalyptol (0.5–3 % vs. 4–7 %) as shown in Table 1. 

Accordingly, authenticity was assessed only against 

steam-distilled commercial oils, as other extraction 

methods (e.g., SDE, SAFE) are not covered by ISO 

standards and may produce different compositional 

profiles. This comparison confirmed that the dried 

flowers used for in-house extraction were true 

lavender (L. angustifolia) rather than lavandin (L. 

intermedia), based on diagnostic markers such as 

camphor and eucalyptol contents. It also benchmarked 

S1 against commercial lavender oils that represent 

industry standards, differentiated lavender from 

lavandin oils often interchanged in the marketplace, 

and provided an industry-relevant context for 

evaluating how extraction methods influence aroma 

quality. Notably, S1 exhibited a volatile profile closely 

resembling that of commercial lavender EO (L2), 

supporting its classification as true lavender (L. 

angustifolia). Moreover, as shown in Figure 1, the first 

two principal components explained 75.79 % of the 

total variance (PC1 = 45.37 %, PC2 = 30.42 %). 

Lavender oils (commercial samples L1, L2) and the 

in-house steam-distilled oil (S1) clustered separately 

from lavandin oils (LN1, LN2). S1 grouped closely 

with L2, confirming its classification as true lavender 

(L. angustifolia). Loadings of key compounds (red 

arrows) indicated that linalool, linalyl acetate, 

camphor, and eucalyptol were the main contributors to 

the separation between lavender and lavandin profiles. 

Differences between the two commercial lavender oils 

(L1 and L2) may be attributed to geographical origin. 

Although the specific sources of the oils analyzed here 

were not known, previous work by Białon et al., [8] 
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reported that lavender oils from Australia, Italy, and 

Iran contain up to 1.4 % α-pinene, whereas this 

compound is absent in oils from China and Greece. 

Similarly, lavandulyl acetate and lavandulol are absent 

in lavender oils from Bulgaria but are present in those 

from India and China [8]

 

Table 1: Volatile components abundance (% v/v) for L. angustifolia and L. intermedia EO as defined by ISO 

3515:2002 and ISO 8902:2009. 
Compound ISO 3515:2002  

L. angustifolia 

L1 L2 S1 ISO 8902:2009  

L. intermedia 

LN1 LN2 

myrcene n.d 0.23 0.12 0.06 n.d - 0.08 

D-limonene 0.3–1 0.09 - 0.06 0.5–1.5 0.12 0.16 

β-ocimene 1–10 - 0.31 0.86 0.5–1.5 - 0.34 
eucalyptol 0.5–3 0.73 0.29 0.25 4–7 5.15 4.26 

linalool 20–45 45.45 41.35 37.44 24–35 42.66 44.55 

(-)-camphor 0–1.2 0.14 0.06 0.07 6–8 6.25 5.04 

lavandulol 0–3 - 0.12 0.11 0.2–0.8 - - 

borneol n.d 1.61 0.19 0.27 n.d 1.59 1.41 

terpinen-4-ol 0–8 1.23 3.97 5.64 1.5–5 0.46 0.64 
α-terpineol 0–2 0.19 0.81 0.25 n.d 0.42 0.49 

linalyl acetate 25–47 44.18 46.92 49.26 28–38 41.55 41.54 

lavandulyl acetate 0–8 0.26 2.49 1.93 1.5–3 0.45 0.45  
ISO specifications: L. angustifolia (ISO 3515:2002) [31] and L. intermedia (ISO 8902:2009) [32].  

Sample codes: S1, in-house steam-distilled lavender oil; L1 and L2, commercial lavender essential oils; LN1 and LN2, commercial 

lavandin EO. 

 

 
Figure 1: Principal component analysis (PCA) of volatile compounds in an in-house steam distillate, lavender 

(S1, L1, L2) and lavandin (LN1, LN2) EO. Sample codes: S1, in-house steam-distilled lavender oil; L1 and L2, 

commercial lavender EO; LN1 and LN2, commercial lavandin EO. 

 

3.2  Comparison of extraction techniques 

 

The dried L. angustifolia sample from section 3.1 was 

extracted via SD (S1), SDE (S2) and SAFE (S3). 

Table 2 compares the experimental parameters for the 

different extraction techniques. In terms of operational 

considerations, SD is generally the most cost-effective 

technique, SDE requires additional solvent handling 

and simultaneous heating of two phases, and SAFE 

involves the highest methodological complexity due 

to solvent consumption and high-vacuum operation. 

In addition to distillation-based extractions, HS-

SPME analysis was performed to profile the 

headspace volatiles of dried lavender flowers. This 

approach confirmed the dominance of linalool and 

linalyl acetate as key compounds, consistent with the 

distilled oils, while also detecting several minor and 

thermally labile constituents such as α-terpinene, allo-
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ocimene, geranyl acetate, and cedr-8-ene that were 

less prominent or absent in the steam-distilled 

samples. Notably, SPME captured a higher proportion 

of sesquiterpenes (~8 %) compared to distilled oils (<1 %), 

highlighting the influence of the extraction method on 

compound selectivity.  

 

Table 2: Comparison of extraction methods applied in 

this work. 
Parameter SD  

(S1) 

SDE  

(S2) 

SAFE 

(S3) 

Amount of sample (g) 50 25 15 

Moisture content (%) 11.4 11.4 11.4 

Dry weight (g) 44.3 22.2 10.1 

Temperature (°C) 100 100 (water) 

50 (solvent) 

30 

Extraction time (h) 2 1 3 

Final volume of extract 
obtained (mL) 

1.4 1 1 

 

These findings support the complementary role 

of SPME in reflecting aroma-active compounds 

relevant to headspace perception, whereas distillation 

remains the benchmark for ISO-compliant EO. More 

detailed SPME results are provided in the 

Supplementary Information.  

Figure 2 shows the TIC of the in-house extracted 

samples (S1–S3), clearly demonstrating the number of 

detected peaks. The peak numbers in the 

chromatograms are referenced with the results of the 

GC-MS analysis in Table 3. In total, 30 peaks were 

identified based on mass spectra and retention indices 

(RI) matches to NIST17 database, while 17 peaks 

remained unidentified. SAFE (S3) yielded the greatest 

number of peaks (29, accounting for 92 % of the total 

peak area), compared with 19 in SD (S1) and 17 in 

SDE (S2), both > 99 % identified. Two-way ANOVA 

confirmed significant differences in aroma profiles 

across methods (p < 0.05), with S3 differing from S1 

and S2 for most volatiles (Table 3), likely due to lower 

extraction temperatures (Table 2). Only α-pinene, 

butyl butanoate, and octanone did not differ 

significantly. 

 

 
 

Figure 2: Representative total ion chromatograms of lavender extracts S1 – S3. Peak numbers represent the 

putative identifications of the compounds as numbered in Table 3. 
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Table 3: Volatile compounds in lavender oils and extracts (average relative area % ± standard deviation). 

S/N Compound name RIcal RIref Identification 
Relative Area (%) ± Standard Deviation 

S1 S2 S3 

  Monoterpenes / Monoterpenoids                        

1 α-pinene 930 932 RI, MS, Std 0.08 ± 0.00       0.10 ± 0.04 

2 camphene 947 947 RI, MS, Tent       0.06 ± 0.00 0.27a,b ± 0.08 

3 β-pinene 975 976 RI, MS, Std             0.08 a,b ± 0.02 

4 myrcene 988 990 RI, MS, Std             1.15 a,b ± 0.11 

5 p-cymene 1023 1024 RI, MS, Std 0.09 ± 0.00 0.06 ± 0.00 0.49 a,b ± 0.11 

6 d-limonene 1028 1027 RI, MS, Std 0.06 ± 0.00 0.28a ± 0.01 1.83 a,b ± 0.15 

7 eucalyptol 1031 1030 RI, MS, Std 0.25 ± 0.01 0.53a ± 0.02 2.56 a,b ± 0.06 

8 β-ocimene 1035 1035 RI, MS, Std 0.86b ± 0.02 0.26 ± 0.02 2.61 a,b ± 0.01 

9 α-ocimene 1045 1047 RI, MS, Std 0.59b ± 0.01       1.27 a,b ± 0.13 

10 cis-linalool oxide (furanoid) 1069 1070 RI, MS, Std             0.97 a,b ± 0.12 

11 trans-linalool oxide (furanoid) 1086 1087 RI, MS, Std             0.83 a,b ± 0.09 

12 linalool 1100 1100 RI, MS, Std 37.44b,c ± 0.05 33.76c ± 0.23 21.43 ± 0.62 

13 (-)-camphor 1145 1143 RI, MS, Std 0.07 ± 0.00 0.05 ± 0.00 0.53 a,b ± 0.09 

14 lavandulol 1162 1167 RI, MS, Std 0.11 ± 0.00 1.07a ± 0.02 7.17 a,b ± 0.10 

15 borneol 1169 1170 RI, MS, Tent 0.27 ± 0.01 0.58a ± 0.02 3.12 a,b ± 0.06 

16 trans-linalool oxide (pyranoid) 1172 1169 RI, MS, Std             0.23 a,b ± 0.01 

17 terpinen-4-ol 1178 1176 RI, MS, Tent 5.64 ± 0.03 0.21 ± 0.00 1.96 a,b ± 0.05 

18 α-terpineol 1192 1190 RI, MS, Tent 0.25b ± 0.01 0.19 ± 0.01 8.34 a,b ± 0.16 

19 bornyl formate 1225 1226 RI, MS, Tent             0.24 a,b ± 0.03 

20 cuminaldehyde 1239 1240 RI, MS, Std             0.24 a,b ± 0.08 

21 linalyl acetate 1248 1255 RI, MS, Std 49.26c ± 0.30 50.07a,c ± 0.07 16.35 a,b ± 0.62 

22 lavandulyl acetate 1282 1291 RI, MS, Std 1.93 ± 0.06 11.00a,c ± 0.08 13.09 ± 0.55 

 Sesquiterpenes / Sesquiterpenoids            

23 cis-α-bergamotene 1414 1414 RI, MS, Tent 1.58b,c ± 0.03 0.51 ± 0.01 0.85 a ± 0.10 

24 caryophyllene oxide 1576 1580 RI, MS, Std       0.15a ± 0.00 1.93 a,b ± 0.14 

  Alkyl/ Alkenyl esters                         

25 butyl butanoate 996 995 RI, MS, Tent 0.03 ± 0.00             

26 hexyl acetate 1012 1013 RI, MS, Tent             0.14 a,b ± 0.03 

27 1-octen-3-yl acetate 1108 1111 RI, MS, Tent 1.04 ± 0.12 1.12 ± 0.19 2.54 a,b ± 0.03 

  Others                         

28 1-octen-3-ol 978 977 RI, MS, Std             0.6 a,b ± 0.08 

29 octanone 984 984 RI, MS, Tent 0.12 ± 0.00       0.08 ± 0.01 

30 cryptone 1184 1184 RI, MS, Tent 0.06 ± 0.00 0.05 ± 0.00 1.19 a,b ± 0.08 

RI_cal: Calculated retention indices; RI_ref: Reference retention indices from NIST17; MS_tent: tentatively identified by MS; MS_Std: 

identified by chemical standard; SD: Steam distillation; SDE: Simultaneous distillation extraction; SAFE: Solvent assisted flavour 
extraction; Tukey’s test results – ᵃ: significantly different from S1; ᵇ: significantly different from S2; ᶜ: significantly different from S3. 

 

The components of lavender extract were 

dominated by monoterpene alcohols and esters like 

linalool, linalyl acetate, lavandulol and lavandulyl 

acetate. Monoterpenes and monoterpene derivatives 

accounted for 97 % and 98 % in S1 and S2, 

respectively, but only accounted for 82 % in S3 (Table 

3). Different extraction techniques had a large impact 

on their relative compositions. For example, 2 main 

characteristic components of lavender, linalool and 

linalyl acetate, exceeded 80 % in S1 and S2 but 

dropped to 37 % in S3, whereas lavandulol increased 

from <1 % (S1, S2) to >7 % in S3, and lavandulyl 

acetate from ~2 % (S1) to 11–13 % (S2, S3). The 

absolute quantification of linalool, linalyl acetate, 

lavandulol and lavandulyl acetate is discussed in the 

latter section of this paper. Furthermore, minor 

monoterpenes such as β-ocimene and limonene were 

also markedly higher in S3 (2.6 %) than in S1 (0.86 

%) or S2 (0.26 %), consistent with reports of thermal 

oxidation during prolonged heating [33], [34]. β-

pinene was detected only in trace amounts in S3 and 

was absent in S1 and S2, likely reflecting geographical 

origin, as Białon et al., [8] previously reported the 

absence of β-pinene in lavender EO from China and 

Greece. Except for linalool and terpinen-4-ol, SAFE 

(S3) consistently extracted the highest levels of 

monoterpene alcohols, including 2.3 % eucalyptol and 

8.3 % α-terpineol, compared with < 1 % in S1 and S2. 

In contrast, S1 yielded the most terpinen-4-ol (5.6 %), 

likely due to longer distillation times, as observed by 

Zhekova et al., [33]. Heat-induced oxidation of 

limonene and linalool to α-terpineol and terpinen-4-ol 

has similarly been reported by Perez-Lopez et al., 

[34]. Sesquiterpenes exceeded 1 % in S1 (1.6 %) and 

S3 (2.8 %) but were lower in S2 (0.7 %). Linalool 

oxides were detected only in S3 (0.23–0.97 %), while 

esters and other minor compounds accounted for 5 % 

in S3 compared with 0.5–2 % in S1 and S2. Linalool 

oxides are associated with fresh, floral, and slightly 

woody notes, while sesquiterpenes such as cedr-8-ene 

contribute subtle woody and balsamic nuances, 

supporting the view that SAFE provides a more 

representative aroma profile.  
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Overall, the SAFE technique (S3) yielded a 

broader volatile profile than distillation techniques, 

SD (S1) and SDE (S2), as its lower extraction 

temperatures preserved thermally labile 

monoterpenes, which could have possibly degraded or 

altered when exposed to water at high temperature. A 

greater number of minor compounds were extracted 

using SAFE (S3), which were otherwise absent in SD 

and SDE. This suggests that these minor compounds 

are thermally labile and do not typically survive the 

steam distillation process. Similar results were found 

in the saffron sample by Amanpour et al., (2015) [35]. 

These researchers worked with 4 different aroma 

extraction methods and found the SAFE method gave 

a more representative aroma extract than the others for 

volatile analysis [35]. 

Additionally, the presence of eucalyptol and 

camphor in the extracts may reflect contributions from 

plant tissues other than flowers, such as leaves, which 

are known to contain higher levels of these 

compounds. Studies conducted by Hajhashemi et al., 

[36] and Torabbeigi et al., [37] reported that lavender 

leaves are characterized by high amounts of eucalyptol 

and camphor, while the flowers are characterized by 

linalool and linalyl acetate. These findings 

demonstrate a clear trade-off between extraction yield 

and compositional breadth. Steam distillation, which 

produces extracts dominated by ISO-regulated major 

odorants, is therefore most suitable for commercial 

EO production and routine quality control. In contrast, 

SAFE preserved a wider range of thermally labile and 

minor volatiles, providing a more representative 

aroma profile. Accordingly, the choice of extraction 

method should be guided by the analytical objective, 

with SD preferred for yield-driven applications and 

SAFE for comprehensive aroma characterization and 

sensomics studies. Although SAFE provided a more 

chemically diverse profile, the relative concentrations 

of linalool and linalyl acetate did not fall within the 

compositional ranges specified by ISO 3515:2002 for 

L. angustifolia EO, and the extraction yield was 

substantially lower than that obtained by SD. 

Therefore, S3 does not meet ISO criteria for 

commercial lavender EO, but is better suited for 

analytical purposes where comprehensive volatile 

profiling is required. 

 

3.3  Quantification of targeted volatile compounds 

using GC-FID 

 

Quantification of linalool, linalyl acetate, lavandulol, 

and lavandulyl acetate provided further insight into 

how extraction methods influence the absolute 

recovery of key lavender odorants (Figure 3). These 

four compounds are major contributors to the 

characteristic aroma of lavender EO [7] and are 

specifically regulated in ISO 3515:2002, making their 

accurate quantification highly relevant for both 

authenticity and quality assessment. When normalized 

to the initial flower mass, steam distillation (S1) 

consistently produced the highest yields, with linalool 

at 7.4 mg/g, linalyl acetate at 10.1 mg/g, lavandulol at 

1.0 mg/g, and lavandulyl acetate at 3.4 mg/g. SDE 

(S2) gave intermediate values, whereas SAFE (S3) 

yielded the lowest amounts of all four target 

compounds. These results confirm that steam 

distillation is the most efficient technique for 

maximizing the yield of ISO-defined key aroma 

constituents, directly supporting commercial 

relevance and aroma intensity. However, when 

considered alongside GC-MS data showing that SAFE 

captures a broader range of minor, thermally labile 

volatiles, a trade-off emerges between yield and 

compositional diversity. Thus, while SD best reflects 

industry and ISO standards, SAFE offers 

complementary insights into aroma authenticity and 

headspace perception. A direct comparison of the in-

house SD sample (S1) with commercial lavender oils 

(L1, L2) is provided in the supplementary Information 

(Table A1).  

 

 
Figure 3: Quantified masses of volatile compounds 

(mg/g) in S1, S2 and S3 using GC-FID. 

 

4  Conclusions 

 

This work compared three extraction techniques—

steam distillation (SD), simultaneous distillation–

extraction (SDE), and solvent-assisted flavor 

evaporation (SAFE)—for dried L. angustifolia 

flowers. SD yielded the highest concentrations of key 

odorants (linalool, linalyl acetate, lavandulol, 

lavandulyl acetate), while SAFE produced the 



  

                             Applied Science and Engineering Progress, Vol. 20, No. 1, 2027, 8179 

    

 

 

N. Basri et al., “Comparison of Extraction Techniques on Dried Lavender Flowers Using Gas Chromatography-Mass Spectrometry.” 

  
 9 

broadest volatile profile by preserving thermally labile 

and minor compounds that contribute to aroma 

complexity. Two-way ANOVA confirmed significant 

differences among techniques, with SAFE showing 

the greatest variation. This variation does not indicate 

lower reliability but rather reflects SAFE’s ability to 

capture a wider chemical spectrum, resulting in a more 

complex profile compared with the more selective SD 

and SDE extracts. Together, these findings highlight a 

trade-off: SD maximizes yield and aligns with ISO 

standards, whereas SAFE better represents aroma 

authenticity, offering complementary insights into 

lavender quality and sensomics relevance. From an 

application perspective, SD is most suitable for 

commercial EO production and ISO-based quality 

control, whereas SAFE is advantageous for 

sensomics, authenticity studies, and high-value flavor 

and fragrance applications requiring comprehensive 

volatile profiling. 
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