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Abstract

:

Celery (Apium graveolens L.) is a vegetable belonging to the Apiaceae family that is widely used for its distinct flavor and contains a variety of bioactive metabolites with healthy properties. Some celery ecotypes cultivated in specific territories of Italy have recently attracted the attention of consumers and scientists because of their peculiar sensorial and nutritional properties. In this work, the volatile profiles of white celery “Sedano Bianco di Sperlonga” Protected Geographical Indication (PGI) ecotype, black celery “Sedano Nero di Torricella Peligna” and wild-type celery were investigated using head-space solid-phase microextraction combined with gas-chromatography/mass spectrometry (HS-SPME/GC-MS) and compared to that of the common ribbed celery. Exploratory multivariate statistical analyses were conducted using principal component analysis (PCA) on HS-SPME/GC-MS patterns, separately collected from celery leaves and petioles, to assess similarity/dissimilarity in the flavor composition of the investigated varieties. PCA revealed a clear differentiation of wild-type celery from the cultivated varieties. Among the cultivated varieties, black celery “Sedano Nero di Torricella Peligna” exhibited a significantly different composition in volatile profile in both leaves and petioles compared to the white celery and the prevalent commercial variety. The chemical components of aroma, potentially useful for the classification of celery according to the variety/origin, were identified.
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1. Introduction


Celery (Apium graveolens L.) is a biennial plant belonging to the Apiaceae (Umbrelliferae) botanical family and has been used since ancient times for medicinal purposes by the Greeks, Chinese, Egyptians, and Romans [1]. Despite it being documented that celery was already cultivated in Roman times, domestication and selection of different varieties for the table began in Italy only in the 16th–17th centuries [2]. Among the cultivated celery species, the variety “dulce”, grown worldwide and appreciated for the aniseed taste of its crispy petioles, is nowadays the most economically important [3]. Celery petioles are generally consumed fresh in salads, or together with leaves and are used in the preparation of soups and other hot meals. Celery is also an ingredient in various condiments used to flavor dishes in traditional cuisine and gastronomy. The wild form of Apium graveolens grows in humid soils, such as brackish ditches, by rivers and in other damp locations, especially near the sea in saltmarshes, but is also found in inland areas as the result of rewilding of cultivated varieties. Compared to the cultivated variety, the plant of wild celery is frailer, with thinner roots and petioles, has a reduced fleshiness and exhibits more coriaceous, aromatic and bitter leaves [2].



Apart from being a low-caloric food and rich in minerals, celery is a source of natural active substances, including phenolic acids, flavonoids, and vitamins [4,5,6,7,8], and can exert many curative and preventive physiological functionalities, such as lowering cholesterol levels [9], anti-inflammatory activity [10], antimicrobial activity [11], anticancer activity [12], and anti-depressant activity [13].



The characteristic flavor of celery petioles result from combination of a wide range of volatile compounds released during chewing, including terpenes, phthalides, esters, and aldehydes [3,14,15]. Despite preference by consumers being closely related to the organoleptic profile, the influence of the geographical origin and/or variety of celery on its sensorial properties has not fully investigated. More generally, only a few studies reported on the relationship between celery composition and cultivar and/or origin. In particular, the natural bioactive component profiles in the petioles and leaves of four Chinese celery cultivars were analyzed by high-performance liquid chromatography coupled to mass spectrometry (HPLC-MS) and, together with their antioxidant activities, were compared [16]. Recently, proton (1H) NMR spectroscopy [17] was applied to investigate the differences between celery extracts from three geographical origins: Australia, Taiwan, and China. Sugars, amino acids, and organic acids were found to contribute significantly to the differentiation between origins, with mannitol identified as an important discriminating metabolite.



Development of approaches for the identification of variety/origin becomes particularly pertinent for the valorization of niche cultivars grown in restricted territories by rural communities, because it offers the possibility of preventing consumers and producers from commercial fraud and encourages farmers to safeguard the uniqueness of local ecotypes.



In this work, we investigated the volatile profiles of petioles and leaves of two celery ecotypes, the white celery “Sedano Bianco di Sperlonga” and black celery “Sedano Nero di Torricella Peligna”. The white celery “Sedano Bianco di Sperlonga” is a Protected Geographical Indication (PGI) ecotype [18,19], cultivated within the territory in the municipalities of Fondi and Sperlonga (LT, Lazio, Central Italy). Its characteristic light color is an intrinsic element of this ecotype, which may be intensified by a denser planting pattern. The black celery “Sedano Nero di Torricella Peligna” is grown in the area of Torricella Peligna (CH, Abruzzo, Central Italy) close to the territory of the Majella National Park which is active in the preservation of the local germplasm and promotion of the sustainable economic development of rural areas through the re-discovery and commercial valorization of autochthone cultivars [20,21]. The volatile profiles of these two celery ecotypes are compared with that of wild celery accessions collected from the coastal area of the Abruzzo Region (Punto Ferruccio, Ortona CH) and that of the prevalent commercial variety of ribbed celery, available in the Italian market.



The volatile profile of celery was investigated using a headspace-solid phase microextraction (HS-SPME) technique coupled to gas-chromatography with mass-spectrometry detection (GC-MS). HS-SPME/GC-MS is widely and ever increasingly used in volatile sampling and analysis of a great variety of complex matrices, including plants, food and environmental matrices [22,23,24]. The semi-quantitative HS-SPME/GC-MS characterization of volatile profiles in plants can be particularly useful for discriminating between species, cultivars, varieties, or even between different ripening stages, cultivation conditions, or harvesting times, as well as in food matrices for authentication and quality control. Compared to conventional extraction methods, HS-SPME is simple, fast (as it requires little or no sample preparation) and it is both a pre-concentration and extraction technique. Furthermore, being a solventless technique, it avoids artifacts and solvent contamination. Additionally, compared to hydro-distillation, HS-SPME can prevent the thermal degradation of volatiles and provide a more realistic and accurate description of the aroma composition, which more closely reflects the sensorial properties as they are perceived by the consumer [14,25]. Eventually, explorative principal component analysis (PCA) was carried out on the aroma profiles to provide information on the differences due to the celery variety and harvesting time, and to identify which volatile components are significant for the discrimination of the origin/variety.




2. Materials and Methods


2.1. Celery Samples


Samples of the black celery “Sedano Nero di Torricella Peligna” (BC), harvested in June 2019 and August 2020, were kindly donated by local producers. The samples of white celery “Sedano Bianco di Sperlonga” Protected Geographical Indication (PGI) ecotype (WC) were purchased from a vegetable shop in February and July 2020. Accessions of wild-type celery (WTC) were collected from Punto Ferruccio near Ortona (CH, Abruzzo, Central Italy) in July 2019. The samples of common ribbed celery (CC), i.e., the prevalent commercial variety available in Italian markets, were purchased from a supermarket in July 2019 and in February 2020. All celery samples were frozen at −20 °C. After defrosting at room temperature for one hour, 110–120 mg of chopped pietoles or leaves were placed in a 4 mL vial with a screw cap, equipped with a Mininert Valve (Supelco, Bellefonte, PA, USA) and subjected to HS-SPME.




2.2. Head Space-Solid Phase Microextraction (HS-SPME)


The SPME fiber used in this work was coated with divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS), 50/30 μm thickness (Supelco, Bellefonte, PA, USA). The fiber was introduced in the vial equipped with the Mininert cap and exposed for 5 min to the head space of the sample kept in a water bath at 35 °C. After extraction of the celery volatiles, the fiber was inserted into the injection port of the GC apparatus where desorption took place at 250 °C for 2 min. After each analysis, the fiber was kept in the GC injection port at 270 °C for 5 min and after that a blank run was recorded to check the cleaning of the sorbent.




2.3. GC-MS Analysis


All the analyses were carried out on a Saturn 2000 GC-MS instrument (Varian, Inc. Palo Alto, CA, USA). The GC apparatus was equipped with a 1078 split/splitless injector with a SPME liner inside. All injections were performed in split mode with a 10:1 split ratio.



A Varian FactorFour™ VF5-ms capillary column (5% phenyl−95% polymethylsiloxane, 30 m × 0.25 mm × 0.25 μm film thickness) was used and the carrier gas was helium IP supplied at a flow rate of 1.1 mL/min. GC separation was achieved using the following column oven temperature program: initial temperature 50 °C for 2 min, then increased to 200 °C at 6 °C/min and then to 280 °C at a rate of 65 °C/min, the final temperature being held for 1.8 min. The EI-ion trap mass spectrometer operated at the following conditions: ionization energy 70 eV; 40–600 m/z range; 1s scan cycle time; transfer line temperature 170 °C; manifold temperature 110 °C; ion trap temperature 150 °C. The compounds were identified by comparison of their retention indices and mass spectra with those reported in standard libraries [26] or in the specialized literature [27].




2.4. Data Analysis


Multivariate GC-MS chromatograms of both celery leaves and petioles were handled by principal component analysis (PCA) to assess the similarity/dissimilarity in the aroma composition among the different varieties. PCA [28] allows to represent multivariate data in a low-dimensionality space of mutually orthogonal, thus uncorrelated, principal components (PCs). They can be defined as the linear combination of original variables explaining unrelated portions of information. Transformation of the original data matrix X is described by Equation (1):


X = TPT + E



(1)







The loading matrix P (with dimension VxA, where V is the original variables and A the number of principal components) defines the new directions. The scores matrix T (SxA, where S is the number of samples and A the number of principal components) expresses the coordinates of the samples in the PC space. The error matrix E (SxV,) collects the residuals associated with the approximation of the original data with fewer PCs than the original variables. To display multivariate information, objects and loadings can be projected onto the compressed PC subspace; this provides a graphical and straightforward visualization of the trends within the data samples (score plot) and interpretation of the selected PCs in terms of the original variables (loading plot). For exploratory analysis, visualization of the data distribution by considering the scores and loadings plot of just the first components (generally two or three) is informative enough, because loss of useful information is generally negligible. PCA was performed using in-house routines in the MATLAB environment (R2019b; The Mathworks, Natick, MA, USA).





3. Results


3.1. Celery Volatile Profile by HS-SPME/GC-MS


The volatile compounds identified by HS-SPME/GC-MS in both celery petioles and leaves are reported in Table 1, together with the retention time (RT) and the mean relative (%) area of the detected volatiles in each variety.



Twenty-two volatile organic compounds were identified, although only very few of them exhibited a relative peak area in the chromatograms greater than 1%; generally, eight compounds in the CC and WC samples and only five in the BC and WTC varieties. The 11 monoterpenes found in celery aroma accounted for 90% or more of the total chromatogram provided by petioles and leaves, respectively. Among monoterpenes, limonene was the most abundant compound in the cultivated celery varieties CC, WC and BC with a comparable content in leaves and petioles close to 50% of the total area. By contrast, β-myrcene was the most abundant one in WTC, reaching 46% of the mean total area in petioles and 69% in leaves, while the mean relative content of limonene in the wild form of celery was noticeably lower (about 23% in leaves and 38% in petioles) than that observed in the cultivated varieties. Concerning (Z)-β-ocimene, relatively high mean percentage areas were detected in the chromatograms of petioles (11–12%) and leaves (26–30%) of both CC and WC samples, while the observed relative peak areas were much lower in both petioles and leaves of BC (approximately 1%) and WTC samples (approximately 3%).



As regards sesquiterpenes, we found five compounds but only three of them, β-caryophyllene and α- and β-selinene, were unequivocally identified based on their mass spectra and retention times. The sum of the peak areas of the five sesquiterpenes reached 5% in CC leaves at most and was on average slightly higher in leaves (ca. 3%) than in petioles (ca. 2%). The most abundant sesquiterpene was β-caryophyllene, providing a relative peak area of 1–2% in the chromatograms collected from petioles and leaves of the cultivated varieties.



Terpenes have a broad ecological role in plants ranging from defense from insects or herbivorous mammals to antifungal or attractant for pollinators, as well as inter and intra specific signaling. In the case of celery, it has been reported [29] that the repellent effect of this plant towards the whitefly Bemisia tabaci depends on limonene and β-myrcene, that are the most abundant components in its volatile profile



The aroma of celery can be described as fresh, herbal, woody and citrusy and the major contributors to those olfactory notes are terpenes. However, although limonene is the predominant component of celery essential oil, the major contributors to celery aroma are the phthalides (for example sedanolide, sedanenolide and 3-n-buthylphtalide), which are responsible for the peculiar celery herbal and spicy aroma and flavor. [30]. It must be underlined that under our experimental conditions requiring a sampling temperature slightly above the room temperature and a very short extraction time (35 °C and 5 min, respectively) only the most volatile compounds can be extracted by SPME. Therefore, in the volatile profiles we obtained the phthalide fraction was completely lacking. Nevertheless, our aim was a comparison of different varieties of celery based on their volatile profiles and not an exhaustive description of the celery aroma compounds.



The study of volatile profile is highly informative since the chemical composition is extremely dynamic and is affected by a plethora of factors, including genotype, season, climate, variety, part of the plant under investigation, the geographical region of origin, soil composition, the stage of ripening, the type of cultivation or harvesting and post-harvesting [14].




3.2. Multivariate Statistical Analysis of Petiole Volatile Profiles


To assess the similarity/dissimilarity in the volatile profiles of the different celery varieties investigated here, PCA was applied separately to the relative (%) peak areas of the compounds collected from the petioles and leaves.



PCA exploration of the volatile profiles of the celery petioles are shown in Figure 1, reporting the projection of the samples, and Figure 2, displaying the variable loadings, in the space of the first four PCs that accounted for 97% of the total variance (explained variance, EV). PCA was performed on the centered data, which did not alter the variance of the original variables. A clear separation of the WTC samples along the positive PC1 direction from the cultivated celery varieties can be observed in Figure 1a. This figure also displays a differentiation, approximately along PC2, of both WC and CC samples collected in June and in February. In addition, PC2 seems to describe a variability internal to the BC group. The four BC samples located in the second quadrant of the PC1-PC2 plane, in particular, come from outer petioles having a darker green color and being more fibrous compared to all the other petiole samples of the BC group that were extracted from the inner part of the plant. Interestingly, the outer and internal petioles of the BC variety are separated along the same direction discriminating the more and less mature samples of the WC and CC groups. The BC samples are isolated from the other varieties along PC3 (Figure 1b) while PC4 describes the different behavior of the BC samples according to the harvesting time (June vs. August). Figure 1b also displays a neat clustering of the CC and WC samples along PC3 according to the harvesting time, and a separation, although incomplete, between the samples of these two varieties for each of the two harvesting dates. Inspection of Figure 2 provides information on which petiole volatiles are responsible for the trends observed in the score plot. In particular, discrimination of the WTC group with respect to the cultivated varieties can be related to a higher content of β-myrcene (having a positive loading on PC1) and lower content of γ-terpinene and limonene (both having negative loadings on PC1). The differentiation of BC from the other cultivated varieties along PC3 can be ascribed to higher contents of γ-terpinene, limonene, p-cymene e β-myrcene and lower contents of (Z)-β-ocimene, (E,E)-1,3,5-Undecatriene and α-pinene. A decrease in p-cymene and increase in γ-terpinene contents is responsible for the separation along PC4 of the BC samples harvested in August and in June. According to the reciprocal position along the PC2 and PC4 directions of WC and CC samples collected in different months, the relatively high positive loadings of limonene on both PCs suggest an increase of this volatile components in the samples of July compared to those of February, accompanied by a decrease in the contents of Z-β-ocimene, (E,E)-1,3,5-Undecatriene and α-pinene (showing negative loadings on PC3). On the other hand, the effect of the sampling time on the content of p-cymene and γ-terpinene is not so obvious because the loadings of both variables on PC2 and PC3 have opposite signs.




3.3. Multivariate Statistical Analysis of Leaf Volatile Profiles


The PCA exploration of the volatile profiles of celery leaves, after data centering, is displayed in Figure 3. The score plot for the first two components (Figure 3a), explaining 99% of the total variance, reveals a neat clustering of WTC and BC samples and a differentiation of WC and CC groups according to the month of collection. Differentiation of WTC along PC1 is mainly due to the increase of β-myrcene and the decrease of limonene and (Z)-β-ocimene, according to the loadings of these variables on PC1 (Figure 3b). The discrimination of BC along PC2 is related to a decrease of (Z)-β-ocimene content and to the increase of limonene and, to a lesser extent, of γ-terpinene and p-cimene.



To exalt the role of low-variance variables in the discrimination of celery leaf volatile profiles, PCA was repeated on the auto-scaled data. The results are summarized in Figure 4, showing the score plots (Figure 4a,b) and the loading plots (Figure 4c,d) of the first four PCs, explaining 68.7% of total variance. Inspection of the PC1-PC2 score plot reveals two well isolated groups collecting the BC and WTC samples in the first and in the fourth quadrants, respectively. In addition, both CC and WC have negative scores on PC1 and are discriminated along this component according to the harvesting month. The PC3-PC4 score plot reveals the discrimination between WC and CC samples along the bisect of PC3 and PC4, while the differentiation of the BC samples according to the harvesting time occurs approximately along PC4 (Figure 4b). In the same plot, BC samples collected in June and in August are also well separated, approximately along PC4. The loading plots (Figure 4c,d) display which variables are responsible for the observed trends in the samples. For instance, the content of the volatiles β-pinene, (E,E)-1,3,5-undecatriene and β-myrcene is higher in the WTC samples, whereas sabinene, α-thujene and α-selinene, together with limonene, exhibit higher concentrations in the BC samples.





4. Discussion


The mean volatile profiles of the celery petioles and leaves of the investigated varieties (Table 1) and the PCA exploration of the HS-SPME/GC-MS data matrix has revealed that the composition of the celery aroma profile, not only is dependent on the variety/origin of this vegetable, but is also affected by the harvesting month. We expect that the different behavior of the CC and WC samples collected in February and July are due to a different maturity of the plants. It must be noted that the effect of the maturity on the petiole flavor was previously evaluated by sensory analysis through a comparison of samples collected after three and four months from celery transplantation [31], but the sensory panel did not perceive any significant effect. This may be explained by the lower difference in the harvesting time compared to the time range explored in the present work along with the lower sensitivity of the sensory analysis compared to the HS-SPME/GC-MS volatile profiling.



As expected, the wild form of celery (WTC) exhibits a noticeably dissimilar volatile profile compared to that of the cultivated varieties. The most relevant difference in the aroma composition is due to a higher content of β-myrcene and lower contribution of limonene and γ-terpinene. Apart from the relative contribution of the individual chemical species, the overall absolute quantity of volatile compounds released by both petioles and leaves of the wild form is considerably greater compared to that of the same parts collected from the cultivated plants.



Among the cultivated varieties, the differences in the volatile profiles of WC and CC samples are subtle although detectable, especially in the leaves. The aroma profile composition of these two varieties is also significantly dependent on the maturity of the plant. Moreover, such source of variability seems to be comparable or greater than that due to the variety. Among the cultivated varieties, BC exhibits a quite peculiar aroma composition, according to significantly higher content of β-myrcene, p-cymene and γ-terpinene and lower content of (Z)-β-ocimene, α-pinene and β-pinene. This makes easy the discrimination of this variety from both CC and WC. The composition of the aroma profile of both BC petioles and leaves is also affected by the maturity of the plant and we observed that inner and outer petioles extracted from the same celery plant exhibit different aroma profiles. Nevertheless, despite the variability related to the petiole maturity can increase the intra-class dispersion, the group of BC samples are neatly isolated from the other varieties.



Focusing on the volatile profiles of the celery petioles, i.e., the part consumed fresh, and on the major components, which are expected to contribute the most to their aroma as perceived by the consumers, possible differences in the sensorial attributes of the cultivated varieties can be predicted based on the known aroma descriptors of the discriminant volatiles [14]. As discussed above, the observed difference between the composition of the volatile profiles of CC and WC is relatively small, therefore, a subtle difference between the sensorial properties of these varieties must also be expected. As for BC, the higher content of β-myrcene (balsam, fruity), p-cymene (cumin, lemon) and γ-terpinene (sweet, citrus) and the lower content of (Z)-β-ocimene (warm, floral, herbal) and α-pinene (fresh, woody) and β-pinene (green, nutmeg) compared to the other two cultivated varieties, suggests that BC ecotype has a peculiar aroma that makes it easily distinguishable from the other varieties available in the market.




5. Conclusions


HS-SPME/GC-MS investigation of the volatile aroma profile of celery, which is closely related to the sensorial attributes of this vegetable, offers a very accurate tool for the varietal/origin discrimination. The composition of the volatile profile is also potentially useful to discriminate the celery petioles according to the harvesting time. A future extension of the present study may focus on the development of classification/modeling approaches for the authentication of celery varieties with a strong geographical/varietal identity.
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Figure 1. Projection of the celery samples: (a) on the PC1-PC2 plane; (b) on the PC3-PC4 planes. PCA analysis was carried out on the percentage areas of petiole volatiles after data centering. 
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Figure 2. Variable loadings on the first four PCs extracted from the centered percentage peak areas provided by celery petiole volatiles. 
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Figure 3. PCA on the volatile profiles of celery leaves after data centering: (a) projection of the samples on the PC1-PC2 plane; (b) variable loadings. 
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Figure 4. PCA on the volatile profiles of celery leaves after data autoscaling: (a) projection of the samples on the PC1-PC2 plane; (b) projection of the samples on the PC3-PC4 plane; (c) projection of the variable loadings on the PC1-PC2 plane; (d) projection of the variable loadings on the PC3-PC4 plane. 
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Table 1. Volatile profiles of celery petioles or leaves: observed retention time (RT (min)), assigned chemical structure and mean relative (%) peak area and related standard deviation in the GC/MS chromatograms for each variety: common celery (CC), white celery “Sedano Bianco di Sperlonga” (WC), black celery “Sedano Nero di Torricella Peligna” (BC) and wild type celery (WTC).
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CC

	
WC

	
BC

	
WTC




	
RT (min)

	
Compound

	
Petioles

	
Leaves

	
Petioles

	
Leaves

	
Petioles

	
Leaves

	
Petioles

	
Leaves






	
6.65

	
α-Thujene

	
0.96 ± 1.07

	
0.08 ± 0.02

	
1.00 ± 1.03

	
0.17 ± 0.13

	
0.51 ± 1.09

	
0.12 ± 0.46

	
0.09 ± 0.03

	
0.05 ± 0.04




	
6.85

	
α-Pinene

	
3.68 ± 2.67

	
1.21 ± 0.53

	
1.44 ± 1.17

	
0.35 ± 0.13

	
0.54 ± 0.15

	
0.22 ± 0.14

	
0.40 ± 0.13

	
0.14 ± 0.08




	
7.39

	
Camphene

	
0.68 ± 0.50

	
0.27 ± 0.10

	
0.32 ± 0.31

	
0.07 ± 0.04

	
0.07 ± 0.02

	
0.03 ± 0.19

	
0.08 ± 0.03

	
0.03 ± 0.01




	
7.83

	
Sabinene

	
0.59 ± 0.13

	
0.17 ± 0.06

	
0.51 ± 0.09

	
0.16 ± 0.10

	
0.88 ± 0.39

	
0.47 ± 0.37

	
0.26 ± 0.07

	
0.14 ± 0.10




	
7.98

	
β-Pinene

	
3.32 ± 3.41

	
0.59 ± 0.44

	
4.37 ± 3.47

	
1.05 ± 1.07

	
1.85 ± 1.82

	
0.37 ± 1.11

	
1.78 ± 1.06

	
0.86 ± 0.66




	
8.21

	
β-Myrcene

	
4.18 ± 3.02

	
12.52 ± 12.49

	
2.36 ± 0.23

	
7.32 ± 4.56

	
10.98 ± 3.89

	
37.31 ± 13.34

	
46.20 ± 6.96

	
69.51 ± 0.69




	
9.16

	
p-Cymene

	
6.77 ± 3.43

	
1.99 ± 1.23

	
5.08 ± 2.83

	
1.41 ± 0.47

	
12.14 ± 3.91

	
3.75 ± 14.16

	
5.47 ± 2.47

	
0.63 ± 0.34




	
9.27

	
Limonene

	
48.33 ± 6.68

	
47.87 ± 12.57

	
55.25 ± 0.79

	
51.37 ± 0.80

	
45.27 ± 0.70

	
46.56 ± 16.35

	
38.25 ± 6.20

	
22.78 ± 6.35




	
9.39

	
(Z)-β-ocimene

	
10.54 ± 3.21

	
26.00 ± 4.15

	
11.91 ± 5.49

	
30.47 ± 6.92

	
0.79 ± 0.62

	
0.97 ± 0.74

	
3.30 ± 2.90

	
2.66 ± 1.64




	
9.68

	
(E)-β-ocimene

	
0.07 ± 0.06

	
0.31 ± 0.15

	
0.10 ± 0.09

	
0.27 ± 0.13

	
0.01 ± 0.01

	
0.04 ± 5.72

	
0.08 ± 0.07

	
0.21 ± 0.13




	
10.01

	
γ-Terpinene

	
14.09 ± 3.01

	
2.17 ± 0.49

	
14.46 ± 4.72

	
2.60 ± 0.88

	
22.56 ± 9.51

	
5.38 ± 3.87

	
2.49 ± 0.84

	
0.40 ± 0.24




	
10.73

	
Terpinolene

	
0.10 ± 0.06

	
0.10 ± 0.04

	
0.08 ± 0.06

	
0.07 ± 0.03

	
0.04 ± 0.02

	
0.02 ± 0.01

	
0.02 ± 0.00

	
0.01 ± 0.00




	
12.04

	
Limonene oxide, trans-

	
0.82 ± 0.58

	
0.42 ± 0.41

	
0.47 ± 0.28

	
0.32 ± 0.11

	
0.16 ± 0.11

	
0.23 ± 0.16

	
0.15 ± 0.10

	
0.05 ± 0.04




	
12.51

	
(E,Z)-1,3,5-Undecatriene

	
3.52 ± 3.71

	
1.21 ± 0.33

	
0.75 ± 0.49

	
1.20 ± 0.82

	
0.17 ± 0.12

	
0.58 ± 0.44

	
0.59 ± 0.35

	
1.55 ± 1.04




	
14.36

	
6-Methyl-hexahydronaphthalene

	
0.05 ± 0.04

	
0.07 ± 0.03

	
0.02 ± 0.02

	
0.05 ± 0.03

	
0.01 ± 0.01

	
0.01 ± 0.01

	
0.01 ± 0.00

	
0.01 ± 0.01




	
16.61

	
trans-Carveyl acetate

	
0.02 ± 0.01

	
0.08 ± 0.03

	
0.02 ± 0.02

	
0.10 ± 0.04

	
0.02 ± 0.01

	
0.01 ± 0.01

	
0.01 ± 0.01

	
0.02 ± 0.01




	
16.80

	
Carveol ester

	
-

	
0.04 ± 0.03

	
-

	
0.05 ± 0.05

	
0.01 ± 0.00

	
0.001 ± 0.018

	
0.01 ± 0.00

	
0.01 ± 0.01




	
18.61

	
β-Caryophyllene

	
1.26 ± 0.92

	
2.62 ± 1.30

	
0.57 ± 0.21

	
1.38 ± 0.88

	
2.41 ± 2.37

	
1.19 ± 0.98

	
0.31 ± 0.10

	
0.29 ± 0.23




	
19.37

	
Sesquiterpene (1)

	
0.25 ± 0.16

	
0.31 ± 0.13

	
0.13 ± 0.05

	
0.17 ± 0.09

	
0.25 ± 0.04

	
0.15 ± 0.11

	
0.04 ± 0.02

	
0.04 ± 0.03




	
19.75

	
Sesquiterpene (2)

	
0.02 ± 0.02

	
0.33 ± 0.15

	
0.02 ± 0.02

	
0.22 ± 0.12

	
0.03 ± 0.02

	
0.04 ± 0.37

	
0.07 ± 0.04

	
0.12 ± 0.11




	
20.07

	
β-selinene

	
0.39 ± 0.19

	
1.27 ± 0.39

	
0.60 ± 0.33

	
0.92 ± 0.42

	
0.53 ± 0.12

	
0.66 ± 0.65

	
0.18 ± 0.11

	
0.11 ± 0.07




	
20.20

	
α-selinene

	
0.12 ± 0.06

	
0.30 ± 0.09

	
0.28 ± 0.41

	
0.21 ± 0.09

	
0.68 ± 0.04

	
0.26 ± 0.13

	
0.03 ± 0.02

	
0.02 ± 0.02
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