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Abstract: The sesquiterpene compounds present in red wines were characterized and
quantified by Headspace Solid-Phase Microextraction in combination with Gas
Chromatography—Mass Spectrometry (HS-SPME-GC-MS). Sixteen sesquiterpenes were
identified, mainly hydrocarbons but also derived oxygenated compounds. Sesquiterpenes
were acyclic, monocyclic, byciclic and tryciclic. Sesquiterpenes were detected in SIM
(selected ion monitoring) mode using their characteristics ions. All the sesquiterpenes were
identified by mass spectral data, linear retention indices (LRI), literature data and injection
of standards where available. Quantitative results were obtained using the method of standard
additions. The method showed an average LOD = 0.05 ug L™! and LOQ = 0.15 ug L™". The
monocyclic sesquiterpene with the germacrene skeleton, Germacrene D and the bicyclic
sesquiterpene with the muurolane skeleton, a-muurolene were present in all the wine
samples analysed. Syrah wines were the samples richest in sesquiterpenes in agreement with
their typical spicy and woody notes. The results evidenced the possibility to use
sesquiterpenes for wine authenticity and traceability.
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1. Introduction

The aroma profile of wine is due to the combined effects of several volatile compounds mainly
alcohols, aldehydes, esters, acids, monoterpenes and other minor components, already present in the
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grapes or being formed during the fermentation and maturation process. All these compounds are
responsible for their so-called “bouquet” on sniffing the head-space from a glass, and the odour/aroma
component (palate/aroma) of the overall flavour perceived on drinking [1]. Primary aromas, also known
as varietal aromas, come from or are determined by the type of grapes (grape varietals) used in wine making.
From the sensorial point of view they present pleasant aroma descriptors, frequently associated with flower
and fruit, among others and very low odour thresholds, allowing their perception at low concentrations.
Among primary aromas, a number of volatiles, which are of terpenic origin, are of great importance [2].
It has emerged from various studies that the terpenoid compounds form the axis for the sensory expression
of the wine bouquet; they can be used for varietal characterisation since they are not significantly affected
by the fermentation stage [3]. Monoterpenes and sesquiterpenes are the lower molecular weight
representatives of the terpenoid fraction; they comprise two and three isoprene units, respectively. A
general representation of the biosynthesis of monoterpenes sesquiterpenes, as well as some enzymatic
transformations such as oxidation, reduction and dehydration, has been summarised by Croteau [4].
The monoterpenes present in wines are widely studied and the most represented are geraniol, nerol,
rose oxides (floral, rose-like), linalool (coriander), linalool oxides (camphoraceous, green), nerol oxide
(erbaceous) [5,6]. In Nero d’Avola wines sabinene (light, peppery, herbaceous), B-pinene (light, pine),
limonene (green, citrus), terpinolene (fresh, pine), (E)-rose oxide (flower, geranium), (E)-linalool oxide
(sweet, floral), (Z)-linalool oxide (sweet, floral), citronellal (strong, citrus green), linalyl acetate (fruity,
citrus), linalool (light, lavander) and neryl acetate (floral, fruity, rose) were identified [7]. However, few
studies are concerning the presence of sesquiterpenoids in wine with a limited number of identified
compounds. These mainly regard Madeira wines which are known to contain farnesol [8], nerolidol [8,9],
y-eudesmol [9], a-cadinol [9] and T-muurolol [9]. In ‘Baga’ wines, as well as in grapes, a-muurolene,
a-calacorene and cadalene were identified [10]. Only a recent paper reports a large number of sesquiterpenes
in Cabernet sauvignon obtained by a comprehensive two-dimensional gas chromatography (GCxGC)
time-of-flight mass spectrometry (TOFMS) [11]. In our previous work on white Italian wines, only
(E)-nerolidol was identified [1]. Sesquiterpenes have been reported as potential contributors to the health
benefits of wine [10]. These compounds are described as possessing anti-inflammatory properties [12],
antibacterial properties including enhancement of bacterial susceptibility to antibiotics [13], vanti-
carcinogenic [14] and antioxidant effects [15]. Since the majority of these compounds occur in micro
concentrations in grapes and wines, their quantification is quite difficult. The advantages and drawbacks
of different extraction and gas chromatographic techniques used for the determination of sesquiterpenic
compounds are reviewed by Petronilho. As results from the review quantitative data are limited [16].
Previousy it was optimized a method for the analyses of volatile constituents in wine, which allowed
the identification and quantification of a large number of compounds belonged to different classes of
substances [17]. The analytical approach used for the extraction of aroma volatile compounds was the
solid-phase microextraction (SPME), followed by capillary gas chromatography-mass spectrometry
(GC-MS). SPME-gas chromatography is routinely used for the analysis of volatile in various matrices.
It is a fast, sensitive and solvent-less technique easily interfaced with GC-MS. It enables rapid analysis
at low operating costs and with no environmental pollution.
This research has focused on the presence of sesquiterpenes in red wine varieties with an aim to
identify the sesquiterpenes present in red wines and verify if they can be useful for wine characterization
and traceability.
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2. Experimental Section
2.1. Sampling

The research has been carried out on different red wines produced in Sicily (Italy) in 2013 year by
the experimental vinery of the “Regional Institute of wines and oils” (Palermo, Italy). Nine different
pure wine varieties were analysed; exactly, Syrah, Merlot, Nero d’Avola, Frappato, Petit Verdot,
Refosco, Barbarossa, Sagrantino and Malbec. Eight wines were analysed for each variety, each sample
in triplicate, as following described.

2.2. Volatiles Extraction: HS-SPME

A 40 mL vial was filled with 20 mL of each wine samples. The vial was equipped with a “mininert”
valve (Supelco, Bellefonte, PA, USA) that allowed the introduction of the fiber without piercing any
septum; the septumless “mininert” vial permitted to avoid extraneous peaks due to possible septum bleeding.
Extraction was performed in the headspace vial kept at 30 °C using a commercially available fiber housed in
its manual holder (Supelco, Bellefonte, PA, USA). All extractions were carried out using a DVB/CAR/PDMS
fiber, of 50/30 um film thickness (Supelco, Bellefonte, PA, USA). The samples were equilibrated for
15 min and then extracted for 15 min. During the extraction, the sample was continuously stirred. After
the sampling, the SPME fiber was introduced onto the splitless injector of the GC-MS using the
conditions reported below. The fiber was kept in the injector for 3 min for thermal desorption of the
analytes onto the capillary GC column. The splitless injector port was maintained at 260 °C. No artefacts
were observed after a SPME analysis of the saturated saline solution performed as blank analysis.

2.3. Volatiles Analysis: GC-MS

A Varian 3800 gas chromatograph directly interfaced with a Varian 2000 ion trap mass spectrometer
(Varian Spa, Milan, Italy) was used. The conditions were as follows: injector temperature, 260 °C;
injection mode, splitless; capillary column, CP-Wax 52 CB, 60 m, 0.25 mm i.d., 0.25 pm film thickness
(Chrompack Italy, s.r.I. Milan, Italy); oven temperature, 45 °C held for 5 min, then increased to 80 °C
at a rate of 10 °C/min and to 240 °C at 2 °C/min; carrier gas, helium at a constant pressure of 10 psi;
transfer line temperature, 250 °C; acquisition range, 40-200 m/z; scan rate, 1 scan s-1. Data was acquired
in Total Ion Current (TIC). Each component was identified using mass spectral data, NIST 14
(NIST/EPA/NIH Mass Spectra Library, version 2.0, USA), FFNSC (Flavors and Fragrances of Natural
and Synthetic Compounds, mass spectral database, version 2.0, Italy), linear retention indices, literature
data, and the injection of standards where available. The linear retention indices (LRI) were calculated
according to Van den Dool and Kratz [18]. Peaks were considered “identified” when their mass spectral
fit values were at the default value of 700 or above; their LRI provided a low match window of +10
index units respect to those from literature and their RT matched to that of standards.

2.4. Quantitative Analyses

The sesquiterpenes were quantified: each peak quantified was required to have a minimum signal to
noise ratio (S/N) of 5. Quantitative results were obtained by using the method of standard additions.
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Standards a-gurjunene, a-cedrene, (E)-B-farnesene, valencene and (E)-nerolidol were purchased from
Sigma-Aldrich (Milan, Italy) of the highest purity available. To quantify sesquiterpenes, being standards
not available, the calibration curve of the most similar carbon skeleton sesquiterpene was used. Stock
solutions of individual standards were prepared by dissolving the appropriate amount of each compound
in ethyl alcohol (95%) in order to obtain a final concentration of 0.2 mg/mL. The solutions were stored
atunder —30 °C. Furthermore, five different concentrations of each stock solution were added to multiple
aliquots of each wine sample. The sample alone was also analysed. Quantification was based on a
calibration curve generated by plotting detector response versus the amount spiked of each standard. The
peak area of each component in total ion current chromatograms was determined during three replicates,
and the average value was calculated.

3. Results and Discussion

The optimized method was validated in terms of linearity, precision, detection and quantification
limits (Table 1). The calibration curves generated by plotting detector response versus the amount spiked
of each standard showed a coefficient of detection (r?) > 0.99 for all the quantified volatiles. Detection
(LOD) and quantification (LOQ) limits were calculated following the TUPAC approach [19]. The
method showed an average LOD = 0.05 pg L' and LOQ = 0.15 pug L', The precision of the method
was carried out by intraday repeatability and intralaboratory reproducibility studies. The repeatability of
the developed method was determined by analysing three different aliquots of the same sample under
identical experimental conditions in the same day and in different days for the intralaboratory
reproducibility. Considering the peak area obtained for each component during the different analyses,
the coefficient of variation (CV) resulted <12% for all the quantified components. The recovery was
determined by the standard addition method: each analyte was spiked in a wine sample used as blank
materials at five levels; the spiking levels were >3 times the level present in the blank. The extraction
recoveries were included between 98.9% and 102.6%.

Table 1. Analytical features of the proposed method.

) Intraday Interday
LOD LOQ Linear range e e Recovery
1 L i repeatability Repeatability o

(ngL™) (ngL™) (ngL™) (RSD) (%) (RSD) (%) (%)
a-Gurjunene 0.04 0.13 0.12-1.02 2 5 94
a-Cedrene 0.04 0.13 0.12-1.08 1 4 99
(E)-B-Farnesene 0.05 0.16 0.14-0.24 2 3 98
Valencene 0.03 0.10 0.10-1.31 2 3 97
(E)-Nerolidol 0.07 0.23 0.20-5.98 1 4 104

Table 2 reports all the identified sesquiterpenes together with their retention time (RT), linear
retention index (LRI) and odor; quantitative data are reported in Table 3. Sixteen sesquiterpenes, acyclic,
monocyclic, bicyclic and tricyclic, were identified mainly hydrocarbons but also derived oxygenated
compounds. The structures of each sesquiterpene is reported in Figure 1 while Figure 2 reported the
HS-SPME-GC-MS chromatogram of a wine sample in SIM mode monitoring the following ions:
m/z 161, m/z 189, m/z 204 m/z.
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Table 2. Retention Time (RT), Linear Retention Indexes (LRI) and odour for each sesquiterpene identified in red wine samples.

Compounds RT LRI IUPAC name Odour

1) a-Gurjunene * 35.54 1550 (1aR,4R,4aR,7bS)-1,1,4,7-tetramethyl-1a,2,3,4,4a,5,6,7b-octahydro-1H-cyclopropa[e]azulene balsamic, woody

2) o-Cedrene * 36.60 1568 (3R-(3a,3ab,7b,8aa))-2,3,4,7,8,8a-hexahydro-3,6,8,8-tetramethyl-1H-3a,7-methanoazulene woody, cedar sweet fresh

3) a-Aromadendrene 41.85 1658 (1aR,7S,7bS)-1,1,7-trimethyl-4-methylidene-2,3,4a,5,6,7,7a,7b-octahydro-1aH- woody
cyclopropa[e]azulene

4)  (E)-B-Farnesene * 42.36 1671 (6E)-7,11-dimethyl-3-methylidenedodeca-1,6,10-triene woody, citrus, sweet

5) D Germacrene 42.67 1674 (S,1Z,6Z)-8-isopropyl-1-methyl-5-methylenecyclodeca-1,6-diene weak fruity, apple like

6)  Valencene * 43.12 1680 4a,5-dimethyl-3-prop-1-en-2-yl-2,3,4,5,6,7-hexahydro-1H-naphthalene citrus, green, woody

7) v-Gurjunene 4330 1684 (1R,4R,7R)-1,4-dimethyl-7-prop-1-en-2-yl-1,2,3,3a,4,5,6,7-octahydroazulene musty

8)  (E)-p-Bisabolene  44.03 1697 (4R)-1-methyl-4-(6-methylhepta-1,5-dien-2-yl)cyclohexene balsamic, woody, spicy

9) 0-Cadinene 44.89 1711 (1S,8aR)-4,7-dimethyl-1-(propan-2-yl)-1,2,3,5,6,8a-hexahydronaphthalene woody, weak, medicinal

10) B-Selinene 4526 1718 3S,4aR,8aS)-8a-methyl-5-methylidene-3-prop-1-en-2-yl-1,2,3,4,4a,6,7,8- herbal
octahydronaphthalene

11) o-Muurolene 45.62 1721 (1S,4aS,8aR)-1-isopropyl-4,7-dimethyl-1,2,4a,5,6,8a-hexahydronaphthalene woody, floral, herbal

12)  o-Selinene 45.68 1725 5,8a-dimethyl-3-prop-1-en-2-yl-2,3,4,4a,7,8-hexahydro-1H-naphthalene amber

13) (Z)-a-Bisabolene 48.12 1768 1-methyl-4-(6-methylhepta-2,5-dien-2-yl)cyclohexene balsamic, spicy

14) (E)-Nerolidol * 61.84 2024 (6E)-3,7,11-trimethyldodeca-1,6,10-trien-3-ol floral, green, citrus, woody

15) Viridiflorol 68.49 2155 (1aR,4S,4aS,7R,7aS)-1,1,4,7-tetramethyl-2,3,4a,5,6,7,7a,7b-octahydro-1aH- sweet, green
cyclopropa[e]azulen-4-ol

16) y-Eudesmol 69.10 2167 2-[(2R,4aR)-4a,8-dimethyl-2,3,4,5,6,7-hexahydro-1H-naphthalen-2-yl]propan-2-ol rose, apple, green, citrus

* standards available.
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Table 3. Average amount * of sesquiterpenes in the red wines analysed.

Compounds Syrah CV Merlot CV  Nero CV Frappato CV Petit CV Refosco CV Barbarossa CV Sagrantino CV Malbec CV
(ug L™ % % d'Avola % % Verdot % % % % %
a-Gurjunene tr - - - tr - tr - tr - - - - - - - - -
a-Cedrene - - - - - - - - tr - - - - - - - - -
a-Aromadendrene - - - - - - - - - - 0.21 5 - - - - - -
(E)-B-Farnesene tr - - - tr - tr - - - - - - - - - - -
D Germacrene 1.01 11 070 16 0.41 6 0.20 9 tr - 0.13 7 0.19 13 0.34 13 019 6
Valencene 0.10 7 - - tr - - - 012 7 - - - - tr - tr -
v-Gurjunene 1.40 14 - - - - - - - - - - - - - - - -
(E)-B-Bisabolene tr - - - tr - - - - - - - - - - - - -
d-Cadinene tr - tr - 0.10 9 tr - - - - - - - - - - -
B-Selinene - - - - - - - - tr - - - - - - - - -
a-Muurolene 1.69 12 0.11 8 0.98 12 0.24 12 097 6 028 14 0.30 9 tr - 1.25 4
a-Selinene - - 0.12 17 - - - - - - - - 0.31 16 0.38 9 - -
(Z)-0-Bisabolene - - - - - - - - tr - - - - - tr - 0.19 14
(E)-Nerolidol 543 5 - - - - - - - - - - - - 2.39 6 - -
Viridiflorol - - - - 2.76 13 - - - - - - - - - - - -
v-Eudesmol - - - - - - - - - - - - - - tr - - -
All 9.63 0.93 4.25 0.44 1.09 0.62 0.81 3.11 1.63

* Average amount of 24 samples of wine analyzed.
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Figure 1. Structure of the sesquiterpenes identified in the analyzed wines samples.
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Figure 2. Headspace Solid-Phase Microextraction coupled with Gas Chromatography—Mass
Spectrometry (HS-SPME-GC-MS) chromatogram (SIM: m/z = 161.0 + 189.0 + 204.0) of a
wine sample. For peak identification see Table 2.
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As regards the acyclic sesquiterpenes, B-farnesene and (E)-nerolidol were identified: B-farnesene was
present only as traces in Syrah, Nero d’Avola and Frappato wines, whereas (E)-nerolidol in Syrah and
Sagrantino with 5.43 pg L™ and 2.39 pg L' respectively. These sesquiterpenic compounds can be
related with the floral characteristics of wines and derives from farnesyl diphosphate, an intermediate in
isoprenoid and ergosterol biosynthesis at acidic pH, the instability of the diphosphate group leads to the
release of Farnesol and its isomer Nerolidol [20]. They were identified in different wine varieties and in
the Italian white wines Grillo, Inzolia and Cataratto [1,10,16].

As regards the monocyclic sesquiterpenes, two compounds with the bisabolane skeleton, (E)-f-
bisabolene and (Z)-a-bisabolene, and one with the germacrene skeleton, Germacrene D, were identified.
Bisabolenes derive from farnesyl diphosphate. (E)-B-bisabolene was identified in traces in Syrah and in
Nero d’Avola wines, (Z)-a-bisabolene was present in Malbec (0.19 pg L™!) and, as traces, in Petiti
Verdot and Sagrantino. Germacrene D was identified in all the wine samples analysed with an amount
ranged between traces and 1.01 ug L™!. It is considered a precursor of many sesquiterpene hydrocarbons
such as cadinane, eudesmane (selinane), oppositane, axane, isodaucane, and bourbonane [21] and is one
of the Vitis vinifera L. sesquiterpenoids reported to occur in grapes, both red and white varieties [10].

Among the byclic sesquiterpenes, o and B-selinene and y-eudesmol were identified. They are bicyclic
eudesmane sesquiterpenes which are thought to be derived from further cyclization of the monocyclic
germacranes. B-Selinene and y-eudesmol were identified as traces in Petit Verdot and Sagrantino,
respectively, while a-selinene in Merlot, Barbarossa and Sagrantino.

Valencene was identified, too. Valencene is a volatile sesquiterpene emitted from flowers of
grapevine, Vitis vinifera L., this compound has the eremophilane skeleton which derives from the
eudesmane skeleton by migration of the C-10 methyl group to C-5 [22]. The highest amount resulted in
Syrah and Petit Verdot.

The murolane/cadinane group of bicyclic sesquiterpenes were represented only by a-muurolene and
d-cadinene. In the cadinane skeleton, the decalin ring is trans-fused (1a,60,7p), while in the muurolane
skeleton (1B3,6P,7P) it is cis-fused. a-Muurolene and a-cadinene were reported in different wines and
grapes [10,16]. a-Muurolene was present in all the wine samples analysed with the highest amount in
Syrah and Malbec and the lowest in Sagrantino. 3-Cadinene was identified only in Nero d’Avola, Syrah,
Merlot and Frappato but in low amount.

Among byciclic sesquiterpenes y-gurjunene was identified only in Syrah wines. It is a guaiene
sesuiterpene which contain fused 5 and 7 membered rings. Guaianes are often present together with
eudesmanes and may be derived by an alternative cyclization of the same germacrane precursor which
gives rise to eudesmanes [23].

a-Gurjunene, a-aromadendrene and viridiflorol, aromadendrane sesquiterpenes, are 6,11-cycloguaianes
in which an additional cyclopropyl ring has been formed by further cyclization of a guaiane precursor.
a-Gurjunene was identified in Syrah, Nero d’Avola, Frappato and Petit Verdot wines, a-aromadrendrene
in Refosco and viridiflorol in Nero d’Avola. Aromadendrene has been already identified by other
Authors in Cabernet Sauvignon wine [11].

Among guaine derivatives, rotundone was not present in the wine samples analyzed. This
sesquiterpene ketone is considered responsible for the peppery character of Syrah wines and it has been
reported to be present in Australian Syrah wines in an amount ranged between 0.029 and 0.15 ug L™ [24].
Rotundone concentration in musts and wines may depend on several factors such as cultivar, region and
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mesoclimate; in particular, lower temperatures may result in increased rotundone accumulation [25,26],
in fact Mayr, studying the key aroma compounds in Syrah wine, found the lowest value for rotundone
(0.001 pg/L) in warm grape-growing region in South Australia [27].

The GC-MS conditions applied in this research were able to detect compounds up to 2500 LRI value.
The LRI reported in literature for rotundone is 2280 [24], consequently if rotundone was present in our
samples it would be in a very low amount (below the limit of detection) in agreement with the
demonstrated effects of climate on rotundone accumulation since the Syrah wines analyzed came from
the Mediterranean area.

a-Cedrene (cedrane skeleton) is a tricyclic sesquiterpene typical of the cedarwood oil [11], already
reported in Cabernet Sauvignon [28]. Among the analyzed samples it was identified as traces only in
Petit Verdot wines.

From the Table 3, qualitative and quantitative differences resulted among the analyzed wines. It is
well-known that terpenes play an important role in grape and wine aromas to the extent that
monoterpenes are considered to be important for the varietal character and for varietal and clonal
discrimination [25]. Sesquiterpenes are synthesized via the mevalonate (MVA) pathway localized in the
cytosol and the remarkable diversity of sesquiterpenes is generated by the large family of sesquiterpene
synthases (TPS-a), recently discovered in grapes, each producing multiple substrates [29]. Further
research demonstrated that grapes produce numerous sesquiterpene hydrocarbons with a characteristic
profile depending on the variety and the developmental stage [30].

In the field of food traceability, sesquiterpenes were also used for olive oils and cheeses. In details,
Zunin indicated that a-copaene, a-muurolene and a-farnesene can be used for discriminating olive oils
produced in West Liguria from oils produced in other Mediterranean regions [31], whereas Favaro
proposed B-caryophyllene and a-humulene for the traceability of Asiago mountain cheese [32].

In this context and followed our results, volatile sesquiterpenes show the potential to discriminate the
wine variety.

4. Conclusions

The HS-SPME-GC-MS method applied to the different varieties of red wines allowed the
identification of a large number of sesquiterpenes. The identified sesquiterpenes were mainly
hydrocarbons but also oxygenated compounds. The method also allowed their quantitative determination
since the low limit of quantification of the developed method. Among the sesquiterpenes, only a-
muurolene and germacrene D were identified in all the wines, even if in different amount. Other
sesquiterpenes, such as a-cedrene, a-aromadendrene, y-gurjunene, d-selinene viridiflorol and y-eudesmol
were present in only one variety, namely Petit Verdot, Refosco, Syrah, Petit Verdot, Nero d’Avola and
Sagrantino respectively. From the results, Syrah samples were those richest in sesquiterpenes, Frappato
the poorest ones. It is known that sesquiterpenes have very low odour threshold, in the range of ppb,
therefore it is presumable that the many of the sesquiterpenes here quantified exceeded their odor
threshold. Sesquiterpenes contribute to the spicy and woody notes of wines with a synergistic effect. In
this context, the highest amount of sesquiterpenes in Syrah samples was in agreement with the spicy and
pepper notes which are typical of this variety of wine. Further analyses are required on a larger number
of wine varieties to verify the possibility of using sesquiterpenes for wine traceability and authenticity.
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