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Abstract
Deep eutectic solvents (DESs) were investigated as extracting solvent for headspace single-drop microextraction (HS-SDME).
The extraction efficiency of 10 DESs mainly composed of tetrabutylammonium bromide (N4444Br) and long-chain alcohols was
evaluated for the extraction of terpenes from six spices (cinnamon, cumin, fennel, clove, thyme, and nutmeg). The DES
composed of N4444Br and dodecanol at a molar ratio of 1:2 showed the highest extraction efficiency and was selected to conduct
the extractions of terpenes in the rest of the study. HS-SDMEwas optimized by design of experiments. Only two parameters from
the four studied showed a significant influence on the efficiency of the method: the extraction time and the extraction temperature.
The optimal extraction conditions were determined by response surface methodology. All extracts were analyzed by gas chro-
matography coupled to mass spectrometry (GC-MS). More than 40 terpenes were extracted and identified in nutmeg, the richest
extract in terpenes in this study. Quantitative analysis based on 29 standards was conducted for each extract. Good linearity was
obtained for all standards (R2 > 0.99) in the interval of 1 to 500 μg/g. Limits of quantification ranged from 0.47 μg/g (borneol) to
86.40 μg/g (α-farnesene) with more than half of the values under 2 μg/g. HS-SDME is simple, rapid, and cheap compared with
conventional extraction methods. The use of DESs makes this extraction method “greener” and it was shown that DESs can be
suitable solvents for the extraction of bioactive compounds from plants.
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Introduction

The search of natural products for drug discovery has
become a keen interest among researchers in the past
few decades [1]. Natural products and their bioactive
compounds have been used from ancient times for the
treatment of various diseases and their potential to substi-
tute chemical drugs has been widely studied [2]. Natural
bioactive components mostly come from secondary me-
tabolites. Compared with primary metabolites essential to
physiological processes of a living organism (growth,

development, and reproduction), secondary metabolites
are slightly less vital. Secondary metabolites are synthe-
sized by the organism and can have different functions in
the organism. They can serve as a defense against preda-
tory agents or, on the contrary, attract species with bene-
ficial effects (such as pollinators), or even allow commu-
nication between plants by sending warning signals [3].

There are three main categories of plant secondary me-
tabolites: terpenes and terpenoids, alkaloids, and phenolic
compounds [4]. With 70,000 known structures [5], ter-
penes represent the widest family of natural compounds.
They are categorized by their isoprene (five-carbon) units.
As such, monoterpenes are composed of two linked iso-
prene units, sesquiterpenes of three, diterpenes of four,
sesterpene of five, and so on. Monoterpenes, as well as
some sesquiterpenes, are highly volatiles compounds and
the main constituents of essential oils [6]. They are broad-
ly used in different fields such as fragrances in perfume
industry or as flavor enhancers in food industry but their
use as natural drugs has drawn the attention of many
researchers and pharmaceutical industries [7]. Due to the
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diversity of their chemical structures, monoterpenes have
shown a wide variety of biological activities such as an-
tioxidant [8], anti-inflammatory [9], antibacterial [10], an-
ticonvulsant [11], and antinociceptive [12]. The biological
activity of a product is closely linked to its concentration.
Thus, to evaluate precisely the concentration of the poten-
tial bioactive compound in an extract, the extraction and
analytical steps should not be neglected.

The conventional methods used for the extraction of ter-
penes in natural products include maceration, Soxhlet extrac-
tion, percolation, and solvent extraction [7]. Usually these
processes involve long and complicated extraction period,
low yield, and large volume of hazardous organic solvents.
In the search of making sample preparation “greener,”
microextraction techniques have emerged. These methods
have high sensitivity, require low volumes of organic solvents,
and can even be solventless. Moreover, they are simple to use,
low cost, and amenable to automation. Different
microextraction techniques have been applied for the determi-
nation of volatile chemicals in plants such as solid-phase
microextraction (SPME), stir bar sorptive extraction (SBSE),
single-drop microextraction (SDME), hollow fiber liquid-
phase microextraction (HF-LPME), and dispersive liquid-
liquid microextraction (DLLME) [13]. To enhance the sensi-
tivity towards volatile compounds, headspace microextraction
techniques can be implemented without any sample pretreat-
ment process. Headspace single-drop microextraction (HS-
SDME) was first introduced by Theis et al. in 2001 [14]. In
HS-SDME, a solvent drop of few microliters is suspended at
the tip of a microsyringe needle and exposed to the headspace
of a sample. The sample is heated, the target compounds vol-
atilized and adsorbed on the solvent drop. After extraction, the
suspended drop is retracted back into the microsyringe and
analyzed most often by gas chromatography. This method is
fast, simple, and inexpensive and requires only microliters of
solvents. One of the most important parameters of HS-SDME
is the choice of the extracting solvent. The later should answer
to essential criteria to ensure the stability of the drop: low
volatility, low vapor pressure, thermal stability, and enough
viscosity. The common solvents used for SDME such as tol-
uene, hexane, isooctane, decane, and n-octyl alcohol are toxic
for the environment and often have non-negligible volatility
which can cause the evaporation of the drop [15]. First ionic
liquids (ILs) have emerged as an alternative to organic sol-
vents in HS-SDME due to their negligible vapor pressure [16].
However, concerns about the application of ILs for the extrac-
tion of bioactive compounds have arisen due to the toxicity of
these solvents, their potential effects on health and environ-
ment, and the high cost associated with their synthesis and
purification requirements [17].

To overcome the limitations of ILs, deep eutectic solvents
(DESs) have emerged. A DES is usually composed of a mix-
ture consisting of a hydrogen bond acceptor (HBA) with a

hydrogen bond donor (HBD). Those two compounds are
mixed at a precise molar ratio called a eutectic point at which,
simply by heating, they form a new solvent liquid at room
temperature. The first DES was introduced by Abbot et al.
and was made of choline chloride and urea at a molar ratio
of 1:2 [18]. DESs have similar solvent characteristics to ILs
but are cheaper to produce due to the low costs of raw mate-
rials, less toxicity, and often biodegradability. In addition to
being eco-friendly, physicochemical properties of DESs are
easily tunable by changing one of the two components of
the system. An unlimited number of combinations exist to
form DESs allowing them to have a wide range of applica-
tions. They have been used as dissolution solvents, as catalysis
solvents, in organic synthesis, in electrochemistry, in the prep-
aration of nanoparticles, and as extraction solvents [19]. DESs
have been used for the extraction of bioactive compounds by
different extraction techniques such as microwave-assisted
extraction, ultrasonic-assisted extraction, heating-stirring ex-
traction, and liquid-liquid extraction [17]. However, DESs
have rarely been used for HS-SDME [20] or for the extraction
of terpenes [21–23] and only once for the extraction of terpe-
noids by HS-SDME to our knowledge [24].

Based on the discussion above, the aim of the present study
was to develop a robust and efficient extraction method for
terpenes by coupling novel green solvents (DESs) to a well-
known extraction method sensitive to volatiles compounds
(HS-SDME). To conduct this study, the development of the
extraction method was done for spices, model of plant rich in
terpenes. DES-HS-SDME was first optimized by design of
experiments and then applied to six spices (cinnamon, cumin,
fennel, clove, thyme, and nutmeg) to evaluate the efficiency of
the method for the extraction of terpenes from plants.
Qualitative and quantitative analyses based on 29 standards
were conducted for each extract.

Experimental

Chemicals and materials

Tetrabutylammonium bromide (N4444-Br, ≥ 99%), decanol (≥
99%), β-citronellol (≥ 95%), anethole (≥ 98%), and α-
terpineol (≥ 97%) were purchased from Fluka (Buchs,
Switzerland). Butanol (≥ 99.5%) and ethanol (≥ 99.8%) were
purchased from Fisher Scientific (Illkirch-Graffenstaden,
France). Methanol (99.9%) was obtained from Carlo Erba
(Val-de-Reuil, France). Methyltrioctylammonium chloride
(N8881-Cl, ≥ 97%), octanol (99.3%), dodecanol (≥ 98%),
hexanoic acid (99–100%), lactic acid (≥ 85%), choline chlo-
ride (≥ 98%), urea (≥ 99.5%), ⍺-pinene (99%), β-pinene
(99%), camphene (95%), p-cymene (99%), 3-carene (≥
90%), linalool (97%), limonene (97%), pulegone (97%), 4-
terpineol (≥ 95%), caryophyllene (≥ 98.5%), menthone
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(97%), camphor (96%), menthol (99%), borneol (≥ 99%),
estragole (98%), α-humulene (96%), farnesene (mixture of
isomers), eucalyptol (99%), cuminaldehyde (98%), eugenol
(99%), carvacrol (98%), menthyl acetate (97%), and thymol
(98%) were purchased from Sigma-Aldrich (Steinheim,
Germany). Geraniol (98%) was purchased from Carl Roth
GmbH (Karlsruhe, Germany).

Cinnamon (Cinnamomum zeylanicum, Chamsyl), thyme
(Thymus vulgaris, Chamsyl), cumin (Cuminum cyminum,
Conquête des saveurs), fennel (Foeniculum vulgare,
Ducros), clove (Syzygium aromaticum, Ducros), and nutmeg
(Myristica fragrans, Ducros) were all bought from a local
shop. Spices were obtained as fine-grained powders, except
for fennel which was seeds, and thyme which was cut in small
pieces. All food samples were used as bought; no additional
grinding was done.

Preparation of deep eutectic solvents

The synthesis of deep eutectic solvents (DESs) was adapted
from Tang et al. [25]. Briefly, two components, a hydrogen
bond donor (HBD) and a hydrogen bond acceptor (HBA),
were weighed according to their appropriate molar ratio and
put in a closed glass vessel. To form the DES, the mixture of
HBD and HBA was heated at 80 °C under constant stirring
until a homogeneous liquid was formed (approximatively
2 h). With 3 different HBAs and 7 HBDs, ten combinations
of DESs (Fig. 1) were prepared.

Headspace single-drop microextraction procedure

Fifty milligrams of sample was weighed in a 20-mL head-
space vial (23 × 75 mm) which was closed with PTFE-lined
silicon septa and metallic screw caps. The needle of a 10-μL
GC microsyringe (10R, SGE Analytical Science Pty Ltd,
Australia) containing the DES was introduced in the

headspace of the sample vial through the septum. The volume
of DES was then pushed down the microsyringe to form a
1.5-μL drop at the tip of the needle. The vial with the
microsyringe was placed in an incubator at 80 °C during
90 min allowing the absorption of the volatile compounds
on the DES drop. Once the extraction process was completed,
the drop was withdrawn into the microsyringe, disposed in a
250-μL insert (29 × 5.7 mm) placed in a 2-mL vial and
weighed. To prevent the analytical instruments from damages,
the drop was diluted in ethanol and spiked with an internal
standard prior to injection in GC-MS. The microsyringe was
washed 4 times with ethanol and 2 times with the extraction
DES before each extraction.

Optimization of DES-HS-SDME conditions by design
of experiments

A design of experiments approach was used to optimize the
different parameters of DES-HS-SDME. This approach al-
lows to identify which parameters have a significant influence
on the response, if there are interactions between the parame-
ters and to find the optimal extraction conditions. The re-
sponse was defined as the area of the peak of the correspond-
ing compound: one peak corresponds to one response. To
optimize the extraction conditions for a maximum of com-
pounds, 27 different characteristic terpenes in nutmeg
(Fig. 2) were used as responses. This way, the influence of
the extraction parameters on 27 different compounds will be
analyzed by the design of experiments approach. The 27 com-
pounds all have different chemical properties, such as polari-
ties and boiling points. The aim is to find optimal conditions
which are a compromise of the optimal conditions for each
individual terpene found in nutmeg. For data manipulation,
JMP® Statistical Discovery™ 8 (SAS Institute) was used.

First, for the screening of the influential parameters, a 24

full factorial design was built. The number of experiments

Abbreviations HBA HBD Molar ratio

N4444Br/But N4444-Br Butanol 1:2

N4444Br/Oct N4444-Br Octanol 1:2

N4444Br/Dec N4444-Br Decanol 1:2

N4444Br/DoDec N4444-Br Dodecanol 1:2

N4444Br/HexA N4444-Br Hexanoic acid 1:1

N4444Br/LactA N4444-Br Lactic acid 1:2

N8881Cl/HexA N8881-Cl Hexanoic acid 1:1

N8881Cl/DoDec N8881-Cl Dodecanol 1:1

ChCl/Urea Choline Chloride Urea 1:2

ChCl/LactA Choline Chloride Lactic acid 2:3
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Fig. 1 List of synthetized DES and the chemical structures of their HBA and HBD
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required for this design was equal to 19 (24 + 3 central points).
The data obtained from those experiments were fitted accord-
ing to the following equation (1) corresponding to a second-
order model [26]:

yi ¼ β0 þ β1x1 þ β2x2 þ β3x3 þ β4x4 þ β12x1x2

þ β13x1x3 þ β14x1x4 þ β23x2x3 þ β24x2x4

þ β34x3x4 þ ε ð1Þ

where y is the response (the area of a selected peak); xi are the
studied parameters; β0 is the constant; βi are the coefficients of
the parameters; βij are the coefficients of the interaction pa-
rameters; and ε is the experimental error.

The aim of this first design is to calculate the significance
of the coefficient of each factor on the response.

Then, choosing only the significant parameters, a 22

face-centered design was used to determine the optimal
extraction conditions for each response. The number of
experiments required for this design was equal to 11:
22 = 4 points corresponding to the full factorial design + 3
central points + 4 points on each face of the experimental
domain corresponding to a square for a 22 design. The data
obtained from those experiments were fitted according to
the following equation (2), adding quadratic terms to the
previous equation for the determination of the optimum
conditions [26]:

yi ¼ β0 þ β1x1 þ β2x2 þ β12x1x2 þ β11x
2
1 þ β22x

2
2 þ ε ð2Þ

where βii represents the coefficients of the quadratic
parameters.

With this design, for each response, optimal extraction con-
ditions were obtained, i.e., 27 slightly different optimal extrac-
tion conditions were determined. To find optimal conditions
which are a compromise for all 27 responses, the desirability
function approach was used [27]. This method consists of first
drawing desirability functions (d) for each response. The

desirability is defined as such: d = 0, lowest desirability ob-
tained for the lowest peak area; d = 1, highest desirability ob-
tained for the highest peak area. Then, an overall desirability
function (D) is drawn from the partial desirability functions
obtained for each compound. Optimal extraction conditions
are found when the overall desirability is maximized, the aim
being maximizing the peak area of each compound (corre-
sponding to maximizing the extraction efficiency).

The experimental data was fitted by least squares. To val-
idate the adequacy of the model’s design to fit the experimen-
tal data, three values were evaluated. Model’s explained var-
iations R2 ≥ 0.8 and predicted variations Q2 ≥ 0.5 showed an
acceptable fitting of the data [28]. The values of Q2 are not
needed for the screening design because the aim of this design
is not to predict the responses. They are calculated for the face-
centered design for which the aim is to predict the optimal
conditions for the responses. The lack of fit (LoF) of the model
was calculated by comparing the model error with the exper-
imental error by an F-test. The statistical significance of the
coefficients of the extraction parameters (βi, βij, and βii) were
estimated using an analysis of variance (ANOVA) with a 95%
confidence level.

Gas chromatography-mass spectrometer conditions

Gas chromatography-mass spectrometer (GC-MS) analyses
were conducted on a 450-GC/240-MS system (Varian, Les
Ulis, France). Two microliters of the extract was injected in a
split/splitless injector at 210 °C. The compounds were then
carried on a DB-WAX capillary column (60 m × 0.25 mm×
0.15 μm) (Agilent Technologies, Les Ulis, France) by helium
(purity 99.9999%) at 1 mL/min. They were separated along the
column according to the following heating program: 1 min at
40 °C, increased to 100 °C at 10 °C/min, heated to 130 °C at
5 °C/min, heated to 150 °C at 10 °C/min, heated to 180 °C at
5 °C/min, heated to 230 °C at 10 °C/min, and then held iso-
thermal at 230 °C for 5min. For theMS parameters, the transfer

Fig. 2 Total ion chromatogram obtained for nutmeg extracts byDES-HS-
SDME. Selected compounds for the optimization by design of
experiments. 1, ⍺ Pinene; 2, β Pinene; 3, Sabinene; 4, 3 Carene; 5, ⍺
Phellandrene; 6, 4 Carene; 7, Limonene; 8,γ Terpinene; 9, p Cymene; 10,
Terpinolene; 11, trans-Sabinene hydrate; 12, Copaene; 13, Linalool; 14,

1-Terpineol; 15, Bornyl acetate; 16, 4 Terpineol; 17, 4-Terpineol acetate;
18, β-Terpineol; 19, (E)-β-Farnesene; 20, ⍺ Terpineol; 21, trans-
Piperitol; 22, Safrole; 23, Methyl eugenol; 24, Eugenol; 25, Isoeugenol
methyl ether; 26, Elemicin; 27, Myristicine
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line was set at 200 °C and the ion source at 150 °C. The mass
spectrometer was operated in electron impact (EI) mode and the
ionising electron energy was set to 70 eV. The mass spectra
were recorded in a full scan mode in the range of 50–200
m/z. Peaks were identified by referring mass spectra to the
NIST mass spectral database considering a match factor higher
than 800 a good match. The identification was then confirmed
by calculating the retention index (RI) of each compound and
comparing it with the literature for DB-WAX type columns
using the Twistaroma database (calculated with n-alkanes se-
ries). Furthermore, the RI of the compounds were validated
using the 30 standards of this study as a homologue series.

Quantification of terpenes in spices

Quantification of terpenes in the extracts was carried out by
using 29 standards (Fig. 3). Those compounds were chosen
based on their difference in terms of physicochemical
properties, namely polarity, volatility, and molecular mass,
to cover the widest possible range of terpenes. For each
compound, calibration curves were drawn with 10 points
in two concentration ranges: from 1 to 10 μg/g and from 10
to 500 μg/g. Solutions were prepared in methanol. Each
concentration was extracted in triplicates. For the extrac-
tion, 20 μL of the standards solution was mixed with
50 mg of inert Fontainebleau sand (previously heated at
600 °C for 4 h) and placed in a 20-mL headspace vial
(23 × 75 mm) which was closed with PTFE-lined silicon
septa and metallic screw caps. The extraction was then

carried out according to “Headspace single-drop
microextraction procedure.” Each standard was quantified
according to the area of the compound’s selected ion which
was extracted from the TIC analysis (usually the main ion
of compound’s mass spectra). The limits of detection
(LOD) and limits of quantification (LOQ), defined as the
lowest concentrations detected at a signal-to-noise ratio of
3 or 10 respectively, were calculated for each standard. The
calibration curves were drawn above the LOQ for all
standards.

Results and discussion

Screening of DESs

The choice of the extracting solvent is a crucial parameter in
the HS-SDME. In HS mode, to ensure drop stability, the sol-
vent should have low volatility, low vapor pressure, and
enough viscosity [15]. DESs have high thermal stability and
negligible volatility [29]. With hundreds of combinations pos-
sible to obtain a DES, one can easily be tailored made to meet
the physicochemical properties (such as the viscosity, for ex-
ample) needed for HS-SDME and its polarity can convenient-
ly be tuned to the one of the studied compounds.

Ten different DESs were tested for the extraction of ter-
penes in nutmeg. In this study, nutmeg was selected as a mod-
el as it is a plant rich in a wide variety of terpenes [30]. The
effect of the extracting solvent on the extraction efficiency is

Fig. 3 Structures of the 29
standards used for the
quantification analysis
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shown in Fig. 4. This figure presents not only the number of
identified compounds in the extracts obtained with the various
DESs but also the quantity extracted (relative to the peak area)
for 27 characteristic terpenes found in nutmeg. Those com-
pounds have different polarities and boiling points; the aim is
to find a DES able to extract the widest range of terpenes.

DESs are composed of two components, a HBA and a
HBD; changing one of them can change the physicochemical
properties of the DES. To find the most efficient DES for the
extraction of terpenes, different combinations of DESs were
tested. The aim was to compare new apolar solvents to more
commonly used DESs based on choline chloride. First, the
influence of an increase of the alkyl chain from 4 carbons
(butanol) to 12 carbons (dodecanol) of the HBD on the extrac-
tion efficiency was studied (Fig. 4a). The corresponding HBA
used was N4444Br. For most compounds, increasing the car-
bon chain from 4 carbons to 8 carbons increases the extraction
efficiency. Beyond 8 carbons, the amount of terpenes extract-
ed does not increase but using a carbon chain of 12 carbons
(dodecanol) allows to extract more compounds (42) than the
other HBDs studied (39, 34, and 32 compounds for butanol,
octanol, and decanol, respectively). Even though the physico-
chemical properties of DESs are difficult to evaluate, an in-
crease of the carbon chain decreases probably the polarity of
the solvent which is more suitable for the studied compounds
according to the results. From those results, N4444Br/DoDec
was selected and compared with other N4444Br-based DESs
by changing the chemical nature of the HBD.

Two other HBDs were studied: hexanoic acid and lactic
acid. Using hexanoic acid as the HBD of the DES allowed
the extraction of 36 compounds from nutmeg while with lactic
acid as the HBD, only 30 compounds were identified in the
extract (Fig. 4b). As lactic acid is likely to be more polar than
hexanoic acid, N4444Br/LactA is less adequate for the extrac-
tion of terpenes than the other two DESs tested. For almost all
studied compounds, N4444Br/hexanoic acid extracts with the
same extraction efficiency as N4444Br/dodecanol. However,
some compounds havemore affinity with dodecanol thanwith
hexanoic acid as 36 compounds are extracted by N4444Br/
HexA compared with 42 by N4444Br/DoDec.

N4444Br/DoDecwas again selected after those observations
and compared with another DES by changing its HBA to
N8881Cl. N8881Cl seems to be more apolar than N4444Br; how-
ever, the latter extracts more compounds (42) than the first one
(32) (Fig. 4c). The extraction efficiency of N4444Br/DoDec
was also compared with the one of other DESs and in partic-
ular to the most used DES [31]: choline chloride/urea (1:2).
ChCl/Urea showed a very weak extraction efficiency for the
studied compounds as well as ChCl/LacA: only 7 compounds
were extracted by ChCl from nutmeg and 11 by ChCl/LacA
(Fig. 4d). ChCl has an alkyl chain shorter than the other two
HBA studied which results in a higher polarity. ChCl-based
DESs are thus not well adapted for the extraction of terpenes.

N4444Br/DoDec (1:2) showed higher extraction efficiency
than the other 9 DESs studied in this word and was selected
for the optimization of the DES-HS-SDME parameters.

Optimization of DES-HS-SDME conditions by design
of experiments

Screening of the significant extraction conditions: 24 full
factorial design

The optimization of the extraction parameters is an essential
step of developing a robust and repeatable extraction method.
When dealing with solid/gas and gas/liquid equilibria, like for
HS-SDME, it is necessary to have extraction parameters at
which the equilibrium state is reached. In most cases, the
optimization of the HS-SDME parameters is done by optimiz-
ing one-variable-at-a-time (OVAT) while holding the others
fixed [32–35]. Though this approach can lead to the best ex-
traction conditions, it does not consider the interactions be-
tween the variables. With the design of experiments approach,
the optimal conditions are found with a minimal number of
experiments necessary while determining the influential pa-
rameters and their potential interactions.

The first step is to screen the different interaction parame-
ters and find the influential ones. The parameters studied and
their respective levels are reported in Table 1. Four parameters
(extraction temperature T, extraction time text, drop volume V,
and sample mass M) were tested at three levels (− 1; 0; + 1).
Three experiments at the central point of each parameter have
been carried out. A 24 full factorial design was used. The
model used to fit the data of the experiments was considered
well adapted (Table 2): R2 > 0.8 for all responses and no lack
of fit was observed for 96% of the responses. T and text had a
statistical positive influence on most responses (78% of the
responses for T and 96% for text). That means that an increase
of those parameters results in an increase of the responses. The
data also showed a strong correlation between T and text as the
coefficient of their interaction was statistically significant for
96% of the responses. This demonstrates that those two vari-
ables should not be studied separately from one another. No
statistically significant interactions between the other factors
were observed.

The increase of the drop volume from 0.5 to 2.5 μL result-
ed in an increase of one response (α-pinene) and a decrease of
34% of the responses, while the mass sample was statistically
significant for only one response. As those two factors were
not significant for almost all responses, they were fixed for the
rest of the study. The volume of the drop was fixed at 1.5 μL.
The sample mass was fixed at 50 mg, the lower value of the
interval studied, in order to work with the lowest quantity of
raw material possible. In fact, raw material can be rare or
difficult to obtain, an extraction method needing few raw ma-
terials is therefore a great advantage.
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Fig. 4 Screening of DESs for the extraction of terpenes from nutmeg. (a) Increasing the alkyl chain of the HBD. (b) Changing the chemical nature of the
HBD. (c) Changing the chemical nature of the HBA. (d) Other natures of DESs
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Finding the optimum: 22 face-centered design

For the determination of the optimal extraction conditions, a
22 face-centered design was built with only the parameters

which had a statistically influence on the responses
(“Screening of the significant extraction conditions: 24 full
factorial design”): the extraction temperature T and the extrac-
tion time text. As observed from the previous design
(“Screening of the significant extraction conditions: 24 full
factorial design”), an increase of T from 60 to 80 °C and text
from 5 to 30 min leads to a significative increase of the re-
sponses. The studied intervals were therefore increased (from
70 to 90 °C for T and from 60 to 120 min for text) to find the
optimum settings. Table 3 resumes the levels chosen for each
factor. The model used to fit the data obtained from the exper-
iments was considered well adapted: values of R2 > 0.8 were
obtained for all responses but one (4-terpineol acetate), values
of Q2 > 0.5 were obtained for 93% of the responses, and no
lack of fit was observed for any of the responses (Table 4). text

Table 1 Factors and levels used in 24 full factorial design

Factor Factor notation Levels

− 1 0 + 1

Extraction temperature (°C) T 60 70 80

Extraction time (min) text 5 17.5 30

Drop volume (μL) V 0.5 1.5 2.5

Sample mass (mg) M 50 75 100

Table 2 Validation of the model’s fitness (explained variations (R2) and lack of fit (LoF) of the 24 full factorial design screening the influence of the
extraction parameters (extraction temperature (T), extraction time (text), drop volume (V), and sample mass (M)) of DES-HS-SDME

Compound T text V M T×text T×V text×V T×M text×M V×M R2 LoF

α-Pinene +a + + + + -b nsc ns + ns 0.919 0.0328*

β-Pinene ns + ns ns + ns ns ns ns ns 0.873 ns

Sabinene ns + ns ns + ns ns ns ns ns 0.906 ns

3-Carene ns + ns ns + ns ns + ns ns 0.891 ns

α-Phellandrene ns + ns ns ns ns ns ns ns ns 0.829 ns

4-Carene + + ns ns + ns ns + ns ns 0.912 ns

Limonene ns + ns ns + ns ns ns ns ns 0.886 ns

γ-Terpinene + + ns ns + ns ns ns ns ns 0.897 ns

p-Cymene ns + ns ns + ns ns ns ns ns 0.872 ns

Terpinolene + + ns ns + ns ns ns ns ns 0.895 ns

trans-Sabinene hydrate + + ns ns + ns ns ns ns ns 0.951 ns

Copaene + + ns ns + ns ns ns ns ns 0.925 ns

Linalool + ns ns ns + ns ns ns ns ns 0.927 ns

1-Terpineol + + ns ns + ns ns + ns ns 0.964 ns

Bornyl acetate + + ns ns + ns ns + ns ns 0.964 ns

4-Terpineol + + ns ns + ns ns + ns ns 0.959 ns

4-Terpineol acetate + + ns ns + ns ns ns ns ns 0.953 ns

β-Terpineol + + - ns + ns ns + ns ns 0.964 ns

(E)-β-Farnesene + + - ns + ns ns + ns ns 0.977 ns

α-Terpineol + + - ns + ns ns + + ns 0.972 ns

trans-Piperitol + + - ns + ns - ns ns ns 0.973 ns

Safrole + + ns ns + ns ns ns ns ns 0.965 ns

Methyl eugenol + + - ns + ns - ns ns ns 0.982 ns

Eugenol + + - ns + - ns ns ns ns 0.932 ns

Isoeugenol methyl ether + + - ns + ns - ns ns ns 0.987 ns

Elimicin + + - ns + ns - ns ns ns 0.991 ns

Myristicine + + - ns + ns - ns ns ns 0.983 ns

a Positive effect
b Negative effect
c Not significant

*p<0.05
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was found not statistically significant in this interval as an
increase of text from 60 to 120 min had a significative impact
on less than half the responses (41%).

A known phenomenon was observed regarding the results
obtained for T. An increase of this parameter led to an increase
of 29% of the responses but led to a decrease of 59% of the
responses. This observation is strongly linked to the physico-
chemical properties of the studied compounds. In Table 4, the
terpenes are ordered by their retention indexes which are

directly related to their boiling point and to their polarity,
i.e., α-pinene has the lowest boiling point (156 °C) while
myristicine has the highest one (277 °C). The 29% of the
responses (from α-terpineol to myristicine) which were in-
creased by an increase of the temperature are the ones with
high boiling point; those compounds are volatile at higher
temperatures. On the contrary, the 59% of the responses (from
α-pinene to 4-terpineol) which were decreased by an increase
of the temperature are the ones with lowest boiling points;
those compounds are volatile at lower temperatures. When
an increase of temperature occurs, the gas phase will be
enriched in molecules with higher boiling points in addition
with the ones with low boiling points; thus, more high boiling
point components will absorb in the DES drop resulting in an
increase of their responses. Furthermore, at high temperatures,
compounds with low boiling points might have more affinity
with the gas phase than with the DES drop, which leads to the
decrease of their responses. This phenomenon can be

Table 3 Factors and levels used in 22 face-centered design

Factor Factor notation Levels

−α (− 1) 0 +α (+ 1)

Extraction temperature (°C) T 70 80 90

Extraction time (min) text 60 90 120

Table 4 Validation of the model’s
fitness (explained variations (R2),
predicted variation (Q2), and lack
of fit (LoF)) of the 22 face-
centered design determining the
optimal extraction conditions
(extraction temperature (T) and
extraction time (text)) of DES-HS-
SDME

Compound T text T×text T2 text
2 R2 Q2 Lack of fit

α-Pinene -b nsc ns ns ns 0.878 < 0.500 ns

β-Pinene - ns +a ns ns 0.960 0.638 ns

Sabinene - ns + ns ns 0.951 0.565 ns

3-Carene - ns + ns - 0.976 0.857 ns

α-Phellandrene - ns + ns - 0.970 0.767 ns

4-Carene - ns + ns ns 0.942 0.505 ns

Limonene - ns + ns ns 0.951 0.615 ns

γ-Terpinene - ns + ns - 0.954 0.606 ns

p-Cymene - ns + ns - 0.955 0.648 ns

Terpinolene - ns + - - 0.982 0.834 ns

trans-Sabinene hydrate - ns + - + 0.985 0.878 ns

Copaene - ns ns - + 0.968 0.913 ns

Linalool - ns + - ns 0.956 0.702 ns

1-Terpineol - ns + - + 0.953 0.675 ns

Bornyl acetate - ns + - + 0.956 0.831 ns

4-Terpineol - + + - ns 0.967 0.806 ns

4-Terpineol acetate ns ns ns ns ns < 0.800 < 0.500 ns

β-Terpineol ns + ns ns ns 0.945 0.640 ns

(E)-β-Farnesene ns + ns - ns 0.922 0.660 ns

α-Terpineol + + ns - + 0.939 0.548 ns

trans-Piperitol + + ns ns ns 0.969 0.813 ns

Safrole + + + - + 0.976 0.794 ns

Methyl eugenol + + ns ns ns 0.976 0.792 ns

Eugenol + + ns + + 0.984 0.845 ns

Isoeugenol methyl ether + + ns ns ns 0.989 0.906 ns

Elimicin + + ns + ns 0.991 0.921 ns

Myristicine + + ns ns ns 0.989 0.900 ns

a Positive effect
b Negative effect
c Not significant
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associated with the back-extraction of the compounds in the
headspace [36].

The optimization approach used in this study shows the
necessity to consider the greatest number of responses (i.e.,
the greatest number of analytes) when investigating the extrac-
tion parameters. Considering only the sum of peaks or number
of peaks as done in most optimization by design of experiments
cases [37] is not enough to fully understand the extraction pro-
cess. The second step to optimize the extraction conditions by
this approach is to find an optimum which is a compromise
between all the optimums for each response, i.e., for each com-
pound studied. The use of the desirability function allows find-
ing such an optimum. The aims were to maximize the individ-
ual desirability functions for each response and to plot an over-
all desirability function. The contour plot of this function is
shown in Fig. 5. The maximum overall desirability (D =
0.556) is reached at the following extraction conditions:
80 °C for T and 90 min for text. The overall desirability was
not equal to 1 as it is a compromise between the desirabilities of
the different compounds. If all 27 responses had the same op-
timums, the overall desirability would have been equal to 1.

The optimal extraction conditions selected for DES-HS-
SDME were as follows: 50 mg sample mass, 1.5 μL drop vol-
ume, 80 °C extraction temperature, and 90 min extraction time.

Calibration

After determination of the optimal extraction parameters, cal-
ibration by DES-HS-SDME coupled to GC-MS was

conducted for 29 terpenes. Table 5 summarizes the results
obtained for the calibration of each terpene. The values of
the correlation coefficient (R2) were above 0.99 for all studied
compounds, which indicates good linearity in the concentra-
tion ranges studied of the extraction method. To analyze the
repeatability of the calibration, the relative standard deviation
(RSD) was calculated at 10 μg/g for each compound (n = 3).
Most compounds showed acceptable repeatability (RSD <
20%), only three compounds (limonene, 4-terpineol, and α-
farnesene) had higher RSDs.

LODs and LOQs were determined for each compound.
LOQs were in the ranges of 0.47 to 86.40 μg/g. This result
shows the importance of conducting a full qualitative analysis
as semi-quantitative analysis is not reliable enough. Each
compound, even compounds from the same chemical family,
has its own reactivity not only with the extraction method but
also with the analytical method. The sensibility of the process
is related to the compound’s response for the analytical meth-
od, i.e., low LOQs show high response thus high sensibility,
on the contrary, high LOQs show low response thus low sen-
sibility. More than half of the studied compounds had LOQs
lower than 2 μg/g, showing that DES-HS-SDME is well
adapted for the extraction of terpenes. Furthermore, the
LOQs calculated in this study were 10-fold lower than the
ones found in previous work using DES-HS-SDME [24].

Application to the extraction of terpenes from spices

The optimized DES-HS-SDME method was applied to the
extraction of terpenes from six spices, namely from cinnamon,
cumin, fennel seeds, clove, thyme, and nutmeg.
Chromatograms of each extract with their main identified
components are shown in the Electronic Supplementary
Material (ESM). The main constituents identified in the ex-
tracts (regarding the % peak area) are consistent with previous
works on spice: cinnamaldehyde in cinnamon [38],
cuminaldehyde in cumin [39], eugenol in clove [40], thymol
in thyme [41], and myristicine in nutmeg [42]. The main com-
ponent of fennel extract obtained by DES-HS-DES was
estragole; however, anethole is known to be the main com-
pound in fennel [43]. Anethole might lack affinity with the
DES used for HS-SDME. Furthermore, the boiling point of
estragole (216 °C) is lower than the one of anethole (234 °C)
which could explain the difference of sensibility of the extrac-
tion method between the two compounds (LOQAnethole =
1.70 μg/g and LOQEstragole = 0.75 μg/g).

The choice of the extraction method is an important step of
analytical chemistry as the content of an extract depends
heavily on the extraction method. Those first results show that
the DES-HS-SDME method is well adapted for the extraction
of terpenes from natural materials. Compared with other head-
space extraction techniques such as HS-SPME, HSSE, or HS-
HF-LPME, HS-SDME has numerous advantages. This

Fig. 5 Contour plots of the overall desirability for DES-HS-SDME as a
function of extraction temperature and extraction time for the extraction
of terpenes from nutmeg by DES-HS-SDME using N4444Br/Dodecanol
(1:2) as extracting solvent
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extraction method is often quicker than the others and is
cheaper and it allows to target a wider range of compounds
with different physicochemical properties as a wider range of
absorption phases is available [13]. Full qualitative and quan-
titative analyses of the different extracts are summarized in

Table 6. As expected, the plant containing the most terpenes
was nutmeg. Forty-two compounds were identified using their
mass spectra and retention indexes in nutmeg extract, 32 in
thyme, 20 in cumin, 16 in cinnamon and in clove, and only 4
in fennel seeds. Not all identified compounds (by their mass

Table 5 Calibration parameters
of standards for DES-HS-SDME:
retention index (RI), slope, ion
extracted from the TIC analysis,
relative standard deviation (RSD)
calculated on a 10 μg/g standard
mixture, concentration ranges,
coefficient of determination (R2),
and limit of quantification (LOQ)

Compound RI Ion Concentration
range (μg/g)

Slope R2 RSD LOQ (μg/
g)

α-Pinene 1049 93 [50; 500] 0.24 0.9902 12% 43.11

Camphene 1085 93 [50; 500] 0.58 0.9975 3% 26.25

β-Pinene 1119 93 [10; 500] 0.66 0.9998 1% 9.89

3-Carene 1148 93 [10; 500] 0.93 0.9988 16% 6.27

Limonene 1186 67 [10; 500] 1.72 0.9946 27% 5.41

Eucalyptol 1200 138 [10; 500] 1.56 0.9992 6% 1.69

p-Cymene 1258 119 [3; 10] 7.43 0.9982 12% 1.47
[10; 500] 6.33 0.9988

Menthone 1481 139 [1; 10] 6.09 0.9937 6% 0.50
[10; 500] 5.95 0.9972

Camphor 1529 108 [1; 10] 11.60 0.9929 7% 0.74
[10; 500] 7.09 0.9988

Linalool 1540 93 [1; 10] 10.60 0.9979 8% 0.67
[10; 500] 10.50 0.9960

4-Terpineol 1595 93 [3; 10] 24.30 0.9989 22% 0.89
[10; 500] 14.40 0.9989

Caryophyllene 1603 91 [1; 10] 16.30 0.9977 6% 0.52
[10; 500] 14.70 0.9952

(Z)-β-Farnesene 1620 133 [25; 500] 37.70 0.9943 19% 24.49

Menthol 1630 81 [1; 10] 36.80 0.9906 0% 0.73
[10; 500] 21.80 0.9983

Pulegone 1638 151 [1; 10] 11.80 0.9952 3% 0.60
[10; 500] 11.00 0.9953

(E)-β-Farnesene 1646 133 [25; 500] 0.93 0.9983 4% 19.49

Estragole 1657 147 [1; 10] 17.40 0.9977 7% 0.75
[10; 500] 16.40 0.9969

α-Humulene 1667 93 [1; 10] 43.30 0.9941 3% 0.86
[10; 500] 25.70 0.9990

α-Terpineol 1674 93 [3; 10] 24.40 0.9982 9% 1.88
[10; 500] 21.10 0.9959

Borneol 1685 95 [1; 10] 66.70 0.9970 20% 0.47
[10; 500] 108.00 0.9862

Citral 1717 136 [10; 500] 0.98 0.9991 23% 8.83

α-Farnesene 1729 133 [100; 500] 0.60 0.9995 5% 86.40

β-Citronellol 1739 67 [25; 500] 27.90 0.9973 10% 16.43

Cuminaldehyde 1793 105 [1; 10] 62.80 0.9970 7% 0.56
[10; 500] 59.90 0.9957

Anethol 1827 147 [3; 10] 108.00 0.9988 4% 1.70
[10; 500] 56.90 0.9983

Geraniol 1842 123 [10; 500] 3.76 0.9995 7% 8.71

Thymol 2138 135 [1; 10] 23.80 0.9987 9% 1.18
[10; 500] 21.20 0.9993

Eugenol 2159 163 [10; 500] 18.40 0.9945 13% 4.24

Carvacrol 2167 135 [1; 10] 22.10 1 12% 1.44
[10; 500] 19.00 0.9992
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Table 6 Qualitative and quantitative analyses of the spice extracts obtained by DES-HS-SDME

Compound RI Reference RI Peak area (%) ± SD Concentration (μg/g) ± SD

16 compounds identified in the cinnamon extract

Ylangene 1501 1474 0.107 ± 0.002 -

Copaene 1512 1491 1.5 ± 0.2 -

α-Bergamotene 1571 1580 0.16 ± 0.02 -

Bornyl acetate 1583 1574 0.25 ± 0.03 -

β-Elemene 1591 1594 0.09 ± 0.01 -

Caryophyllene 1603 1603 0.8 ± 0.1 1170 ± 190

α-Humulene 1667 1667 0.60 ± 0.04 203 ± 28

α-Terpineol 1674 1674 0.9 ± 0.1 760 ± 95

Borneol 1685 1685 0.47 ± 0.02 730 ± 117

γ-Muurolene 1716 1692 3.0 ± 0.6 -

δ-Cadinene 1757 1755 3.0 ± 0.4 -

Hyrdocinnamaldehye 1777 1745 0.034 ± 0.003 -

Cuminaldehyde 1793 1793 0.13 ± 0.02 45 ± 6

Cinnalmaldehyde 2030 2024 46 ± 1 -

Cubenol 2074 2042 0.80 ± 0.09 -

δ-Cadinol 2168 0.31 ± 0.02 -

20 compounds identified in the cumin extract

β-Pinene 1119 1119 0.039 ± 0.005 524 ± 112

p-Cymene 1258 1258 < 0.01 1631 ± 110

Copaene 1512 1491 0.58 ± 0.07 -

Linalool 1540 1540 < 0.01 325 ± 86

trans-α-Bergamotene 1582 1580 0.23 ± 0.01 -

4-Terpineol 1595 1595 < 0.01 323 ± 38

Caryophyllene 1603 1603 0.72 ± 0.02 1221 ± 241

β-Terpineol 1621 1622 0.041 ± 0.003 -

(E)-β-Farnesene 1646 1646 0.54 ± 0.02 13,640 ± 2062

Estragole 1657 1657 0.039 ± 0.005 68 ± 13

α-Humulene 1667 1667 0.35 ± 0.03 116 ± 15

α-Terpineol 1674 1674 0.15 ± 0.02 295 ± 46

Acoradiene 1679 1689 1.35 ± 0.03 -

Phellandral 1719 1696 0.171 ± 0.005 -

α-Farnesene 1729 1729 0.13 ± 0.01 <LOQ

δ-Cadinene 1757 1755 0.0282 ± 0.0005 -

α-Curcumene 1772 1763 0.09 ± 0.01 -

Cuminaldehyde 1793 1793 52 ± 2 53,634 ± 9482

Carotol 2040 2024 1.52 ± 0.06 -

Carvacrol 2167 2167 0.5 ± 0.1 758 ± 123

4 compounds identified in the fennel seeds extract

Limonene 1186 1186 < 0.01 1424 ± 221

Estragole 1657 1657 7.7 ± 0.6 13,473 ± 106

δ-Cadinene 1757 1755 0.044 ± 0.002 -

Anethole 1827 1827 0.5 ± 0.1 153 ± 5

16 compounds identified in the clove extract

Ylangene 1501 1474 0.015 ± 0.003 -

Copaene 1512 1491 0.44 ± 0.03 -

Linalool 1540 1540 < 0.01 161 ± 27

Caryophyllene 1603 1603 26.1 ± 0.8 289,518 ± 7437

(Z)-β-Farnesene 1620 1620 0.053 ± 0.003 7270 ± 427
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Table 6 (continued)

Compound RI Reference RI Peak area (%) ± SD Concentration (μg/g) ± SD

α-Humulene 1667 1667 3.2 ± 0.1 38,483 ± 1588

α-Terpineol 1674 1674 0.23 ± 0.01 777 ± 34

Germacrene D 1690 1702 0.038 ± 0.002 -

α-Amorphene 1708 1685 0.101 ± 0.006 -

γ-Muurolene 1716 1692 0.070 ± 0.004 -

δ-Cadinene 1757 1755 0.60 ± 0.01 -

Cuminaldehyde 1793 1793 0.20 ± 0.01 699 ± 24

Anethole 1827 1827 0.016 ± 0.003 161 ± 5

Caryophyllene oxide 2017 1972 0.350 ± 0.008 -

Eugenol 2159 2159 53.1 ± 0.8 1,226,059 ± 36,216

Eugenyl acetate 2216 2252 11.5 ± 0.3 -

32 compounds identified in the thyme extract

α-Pinene 1049 1049 < 0.01 11,189 ± 1135

Camphene 1085 1085 < 0.01 3975 ± 731

β-Pinene 1119 1119 < 0.01 1910 ± 430

3-Carene 1148 1148 0.05 ± 0.01 4803 ± 985

4-Carene 1176 1179 0.10 ± 0.02 -

Limonene 1186 1186 0.037 ± 0.007 3249 ± 763

Eucalyptol 1200 1200 0.21 ± 0.01 4477 ± 947

γ-Terpinene 1240 1251 0.74 ± 0.02 -

p-Cymene 1258 1258 7 ± 1 222,629 ± 21,000

Linalool oxide 1445 1410 0.10 ± 0.01 -

trans-Sabinene hydrate 1469 1474 0.49 ± 0.06 -

Ylangene 1501 1474 0.034 ± 0.004 -

Copaene 1512 1491 0.1120 ± 0.0005 -

Camphor 1529 1518 0.30 ± 0.03 -

Linalool 1540 1540 10.5 ± 0.7 84,394 ± 14,182

Linalyl acetate 1550 1556 0.70 ± 0.07 -

Thymol methylether 1594 1574 0.47 ± 0.05 -

4-Terpineol 1595 1595 0.80 ± 0.01 3158 ± 287

Caryophyllene 1603 1603 4.1 ± 0.5 13,892 ± 1931

(E)-β-Farnesene 1646 1646 0.15 ± 0.02 4442 ± 160

α-Humulene 1667 1667 0.345 ± 0.007 362 ± 34

α-Terpineol 1674 1674 0.72 ± 0.04 1849 ± 275

Borneol 1685 1685 1.6 ± 0.1 6059 ± 523

cis-Piperitol 1735 1752 0.055 ± 0.006 -

β-Citronellol 1739 1739 0.62 ± 0.08 1519 ± 50

δ-Cadinene 1757 1755 0.51 ± 0.07 -

Cuminaldehyde 1793 1793 0.26 ± 0.03 72 ± 11

Geraniol 1842 1842 1.4 ± 0.1 715 ± 40

Caryophyllene oxide 2017 1972 1.12 ± 0.04 -

Cuminic alcohol 2076 2018 0.05 ± 0.01 -

Thymol 2138 2138 28 ± 2 293,997 ± 43,804

Carvacrol 2167 2167 24 ± 1 251,452 ± 27,400

42 compounds identified in the nutmeg extract

α-Pinene 1049 1049 0.43 ± 0.03 212,672 ± 28,137

β-Pinene 1119 1119 2.7 ± 0.3 231,250 ± 42,013

Sabinene 1128 1132 2.5 ± 0.2 -

3-Carene 1148 1148 0.43 ± 0.02 71,585 ± 9265
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spectra and RIs) were quantified, only the ones corresponding
to the 29 standards used for the calibration (“Calibration”). If
only a semi-qualitative analysis is conducted (relative to the
percentage area of each compound), the concentration might
be over or under evaluated. When comparing the relative con-
centration of two compounds in a same extract, the percentage
areas of those compounds might not relate directly to one
compound being more abundant than the other. Each com-
pound has its own sensibility towards the extraction method;

low sensibility does not necessarily mean low abundance of
the compound. This is well illustrated in the spice extracts
(Table 6). In the cumin extract, (E)-β-farnesene and carvacrol
have almost the same abundance regarding the percentage of
peak area (approximately 0.5%) but their quantities calculated
by the calibration differ by a factor of almost 20 (13,640 ±
2062 μg/g for (E)-β-farnesene and 758 ± 123 μg/g for carva-
crol). (E)-β-Farnesene is almost 20 times more abundant in
cumin than in carvacrol. If a semi-quantitative analysis based

Table 6 (continued)

Compound RI Reference RI Peak area (%) ± SD Concentration (μg/g) ± SD

α-Phellandrene 1164 1173 0.14 ± 0.03 -

4-Carene 1176 1179 0.45 ± 0.04 -

Limonene 1186 1186 1.0 ± 0.1 82,718 ± 11,980

Eucalyptol 1200 1200 0.037 ± 0.001 2023 ± 271

γ-Terpinene 1240 1251 1.5 ± 0.1 -

p-Cymene 1258 1258 0.72 ± 0.07 22,763 ± 1881

Terpinolene 1278 1278 0.69 ± 0.08 -

trans-Sabinene hydrate 1469 1474 5.6 ± 0.4 -

Copaene 1512 1491 1.11 ± 0.03 -

Linalool 1540 1540 1.08 ± 0.01 9450 ± 976

1-Terpineol 1544 1591 6.6 ± 0.3 -

Fenchol 1576 1582 0.028 ± 0.003 -

Bornyl acetate 1583 1574 0.46 ± 0.01 -

β-Elemene 1591 1594 0.034 ± 0.002 -

4-Terpineol 1595 1595 11.6 ± 0.2 82,752 ± 7232

Caryophyllene 1603 1603 < 0.01 262 ± 23

4-Terpineol acetate 1610 1630 0.103 ± 0.001 -

β-Terpineol 1621 1622 0.70 ± 0.01 -

(E)-β-Farnesene 1646 1646 0.093 ± 0.005 <LOQ

Estragole 1657 1657 < 0.01 62 ± 3

α-Humulene 1667 1667 0.37 ± 0.02 290 ± 22

α-Terpineol 1674 1674 2.49 ± 0.05 11,511 ± 911

Borneol 1685 1685 0.030 ± 0.003 1100 ± 123

Germacrene D 1690 1702 0.51 ± 0.01 -

trans-Piperitol 1728 1733 0.64 ± 0.02 -

α-Farnesene 1729 1729 0.26 ± 0.03 <LOQ

Geranyl acetate 1735 1752 0.29 ± 0.01 -

β-Citronellol 1739 1739 0.46 ± 0.04 1375 ± 86

δ-Cadinene 1757 1755 0.38 ± 0.01 –

Cuminaldehyde 1793 1793 0.22 ± 0.04 67 ± 12

Geraniol 1842 1842 < 0.01 706 ± 75

Safrole 1880 1863 5.3 ± 0.2 -

Methyl eugenol 2015 2019 7.79 ± 0.07 -

Isoeugenol methylether 2143 2132 1.61 ± 0.03 -

Eugenol 2159 2159 0.71 ± 0.04 5808 ± 406

Carvacrol 2167 2167 0.028 ± 0.005 192 ± 27

Elimicin 2184 2215 3.09 ± 0.07 -

Myristicine 2236 2257 26.5 ± 0.3 -
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on the relative percentage abundance had been done, the con-
clusion would have been that those two components are found
in cumin at approximatively the same concentration.
Conducting semi-quantitative analysis of different compounds
using only one internal standard, relative concentrations of
analytes are compared with the one of the internal standard,
can also lead to false conclusions. α-Pinene and β-pinene are
isomers; their chemical structures are similar. Those two com-
pounds were found in the nutmeg extract at approximatively
the same concentration (212,672 ± 28,137 μg/g for α-pinene
and 231,250 ± 42,013μg/g forβ-pinene). However, if looking
at only percentage peak area, β-pinene is 6 times more abun-
dant in nutmeg (2.7%) than α-pinene (0.43%). If a compound
with a chemical structure close to the ones of α-pinene and β-
pinene, such as camphene, for example (Fig. 3), had been used
as a standard to evaluate the relative concentration of β-pi-
nene, it would have been over evaluated by a factor of 6.
The DES-HS-SDME method allows the production of extract
concentrated in a wide range of terpenes and terpenoids. The
quantitative analysis used in this study provides a well under-
standing of the extraction and analytical method.

Conclusion

Optimal extraction conditions of DES-HS-SDME were easily
determined by the use of chemometric. Full quantitative anal-
ysis of the extracts allowed a better understanding of the ex-
traction technique and of the extracts. This study showed that
DESs can be a possible alternative to organic solvent in HS-
SDME for the extraction of volatile compounds in natural
samples. DES-HS-SDME is simple, cheap, rapid, made eco-
friendly by the use of DESs, and efficient for the extraction of
terpenes from spices. DESs have an important potential in
green extraction and analytical chemistry.
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