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Abstract

Polyploidy, a numerical alteration of the karyotype, is one of the most important mechanisms in plant speciation
and diversification, but could also be detected among populations, the cytotypes. For example, Psidium cattleyanum,
a polyploid complex, has chromosome numbers ranging from 2n=3x=33 to 2n=12x=132. Polyploidization causes
an increase in DNA content, and both modifications may cause alteration in plant growth, physiology, and
epigenetics. Based on this possibility, here we aim to verify the influence of the polyploidization on the production
of P. cattleyanum essential oil chemotypes. Differences in the DNA contents, as a proxy to different ploidies,
were observed and three distinct chemotypes were identified through the chromatographic profile analysis. The
Psidium cattleyanum DNA content and qualitative and quantitative characteristics of the essential oils presented a
positive relationship. Plants with higher DNA contents presented higher levels of oil production, which was mostly
composed of hydrogenated sesquiterpenes, while plants with lower DNA contents produced lower amount of oil,
which was mostly composed of hydrogenated monoterpenes. Based on the importance of essential oils, polyploid
plants, which present higher DNA content, are recommended as possible matrices for the propagation of new
plants with the potential to produce major compounds of agronomic and pharmacological interest.
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Resumo

A poliploidia, uma alteracao numérica do cariétipo, é um dos mecanismos mais importantes na especiacdo e
diversificacdo das plantas, mas também pode ser detectada entre populagdes, os citétipos. Por exemplo, Psidium
cattleyanum, um complexo polipléide, tem nimeros de cromossomos que variam de 2n=3x=33 a 2n=12x=132. A
poliploidizagdo causa um aumento no contetido de DNA, e ambas as modificagdes podem alterar o crescimento,
a fisiologia e a epigenética da planta. Com base nessa possibilidade, objetivamos verificar a influéncia da
poliploidizagdo na produgdo de quimiotipos de 6leo essencial de P. cattleyanum. Diferencas nos contetidos de
DNA, representando diferentes ploidias, foram observadas e trés quimiotipos distintos foram identificados através
da andlise do perfil cromatografico. O contetido de DNA de Psidium cattleyanum e as caracteristicas qualitativas
e quantitativas dos dleos essenciais apresentaram correlagdo positiva. Plantas com maiores contetidos de DNA
apresentaram maiores rendimentos na producdo de 6leo, que era majoritariamente composto por sesquiterpenos
hidrogenados, enquanto plantas com menores contetidos de DNA produziram menores quantidade de 6leo, que
era majoritariamente composto por monoterpenos hidrogenados. Com base na importancia dos éleos essenciais,
plantas polipléides, que apresentam maiores contetidos de DNA, sdo recomendadas como possiveis matrizes para
a propagacao de novas plantas com potencial para produzir compostos importantes de interesse agrondmico e
farmacolégico.
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1. Introduction

Polyploidy is defined as the presence of more than two
complete sets of chromosomes per cell nucleus. A polyploid
individual arising within one or between populations of a
single species is denominated autopolyploid, while the term
allopolyploid refers to individuals of hybrid origin (Stebbins,
1950; Comai, 2005; Beest et al., 2012; Machado et al,,
2022). Polyploidy is a frequent phenomenon in plants,
especially in angiosperms (Jiao et al., 2011)

For the identification of polyploid individuals, direct
and indirect methods are used. While the direct method
is chromosome counting, indirect methods involve
physiological and/or morphological traits, and nuclear
genome size measurement by flow cytometry (Sattler et al.,
2016). Chromosome counting has been considered the most
accurate method to detect polyploid variants. However,
cytogenetic techniques are often laborious, requiring highly
specific protocols for each species (DoleZel et al., 2007).
Alternatively, flow cytometry is a rapid, reliable, and simple
method that based on the DNA content estimation can be
used as a proxy to infer the ploidy level of target plants
(Roy et al., 2001). Since the increments in chromosome
number always cause increments in DNA content, the
DNA content of an exemplar with a known ploidy level
can be used as a reference standard to determine the DNA
ploidy level of an unknown sample (DoleZel et al., 2007).

Psidium L. presents polyploid species, with the basic
number defined as x=11 (Atchison, 1947; Costa and
Forni-Martins, 2006). Polyploidy has played an important
role in the evolution and diversification of the genus
(Marques et al., 2016; Tuler et al., 2019; Machado et al.,
2021), in which records of diploid, triploid, tetraploid,
hexaploid, and octaploid species are common (Costa and
Forni-Martins, 2006; Tuler et al., 2015, 2019; Machado et al.,
2021). The species Psidium cattleyanum Sabine also present
a polyploid serie with different chromosome numbers
reported, such as 2n=33, 44, 55, 66, 77, 88, 99, 100, 110,
and 132 (Atchison, 1947, Costa and Forni-Martins, 2006;
Hirano and Nakasone, 1969; Medina, 2014; Souza et al.,
2015; Machado et al., 2021, 2022). Souza et al. (2015)
reported cytotypes that are not multiples of the basic
number of the family (x=11), such as 2n=46, 48, 58, 82.

The determination of the DNA content may complement
the information about the genomic variations of species
(Souza et al., 2015) but, in accordance with Costa et al.
(2008), just a few Myrtaceae species have their 2C value
estimated. Souza et al. (2015) estimated the DNA content
for two guava (P. guajava) and sixteen araga (P. cattleyanum)
accessions, detecting a variation from 0.99 picograms
in the former to 5.47 pg in the last. Concerning just the
P. cattleyanum, seven different ploidies were identified with
DNA contents ranging from 1.99 to 5.47 pg (2n=44: 1.99 pg;
2n=46: 2.20 pg, 2.54 pg, 2.70 pg; 2n=55: 2.88 pg; 2n=66:
3.01 pg, 3.11 pg, 5.32 pg; 2n=82: 5.47 pg; Souzaet al., 2015).

Polyploid plants show more vigor caused by heterosis
and a buffer effect in deleterious mutations (Comai, 2005).
They usually present Giga-effect by showing greater plant
structures, as larger fruits and in higher quantities. They
can also be resistant to disease or stressful environmental
conditions (Baniaga et al., 2020; Moura et al., 2021).
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The inter-and intraspecific genetic variability of polyploid
species creates differences in the production of secondary
metabolites and consequently in the chemical composition
of essential oils (Iannicelli et al., 2016; Kulheim et al., 2015;
Souza et al., 2017).

Essential oils present environmental importance,
helping to protect plants against pathogen attacks
and to attract pollinators (Sholberg and Gaunce, 1995;
Negrini et al., 2019). It also presents economic interest
due to its herbal action, which is widely marketed in the
pharmaceutical industry (Almeida et al., 2014). Variations
in the chemical composition of essential oils can be inter
and intraspecific and be caused by different factors,
including genetic factors, as ploidy level and C-value
(Kulheim et al., 2015; Souza et al., 2017). Thus, given the
P. cattleyanum ploidy variation and considering the DNA
content as a proxy to ploidy inference, the present study
aims to analyze the relationship between the ploidy/DNA
content of P. cattleyanum with the production of essential
oil and its chemical composition.

2. Material and Methods

2.1. General experimental procedures

The studied cytotypes are part of the field collection
from the Center for Agricultural Sciences and Engineering at
the Federal University of Espirito Santo (CCAE/UFES). Flow
cytometry analyzes were performed at the cytogenetics
laboratory of the Federal University of Vicosa (UFV, Vigosa,
MG). The extraction of essential oils was carried out in
the Laboratory of Vegetal Sample Preparation at CCAE/
UFES and the chemical composition analyzes of the oils
were conducted in the Applied Chemistry laboratory of
the Federal Institute of Espirito Santo (IFES, Alegre, ES).

2.2. Collection of plant material

Leaves of P. cattleyanum accessions were collected at
8 a.m., all specimens on the same day. The collection was
carried out at breast height (1.6m) and around the crown
diameter. About 500¢g of fully developed leaves were
collected to obtain the oil and chemical characterization.
The material was packed in paper bags, identified, and
transported to the Plant Sample Preparation laboratory at
CCAE-UFES. The leaves were dried at room temperature
and kept in plastic bags, stored in a freezer at -20 °C until
the essential oil extraction.

2.3. Flow cytometry

Solanum lycopersicum L ‘Stupické’ (2C = 2.0 pg) was
used as an internal standard (Praga-Fontes et al., 2011) to
determine the genome size of P. cattleyanum accessions.
Leaf fragments (2 cm?) from the standard and sample were
dissociated into a Petri dish containing 500 pL of OTTO-I
nuclear extraction buffer (0.1 M citric acid, 0.5% Tween
20, 2 mM dithiothreitol and 50 ng/ml RNAse) (Otto, 1990)
supplemented with polyethylene glycol (PEG). To the
dissociated material obtained, 500 pL of the same buffer
was added, which was filtered with a 30 pm nylon mesh
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(Partec®), placed in a microtube and centrifuged at 100 g
for 5 minutes.

The precipitate obtained was resuspended in OTTO-I
buffer and kept there for 10 minutes (Praca-Fontes et al.,
2011). Subsequently, 1.5 ml of OTTO-I staining buffer was
added: OTTO-1I (400 mM Na,HPO,.H,0, 2 mM dithiothreitol,
50 pg/ml propidium iodide and 50 pg/ml RNAse, 1: 2, v:v)
(Otto, 1990). The nucleus suspensions were kept in the dark
for 30 minutes in the staining solution and then filtered
through a 20 pm nylon mesh (Partec®).

The samples were analyzed in a Partec PAS II/IIl flow
cytometer (Partec GmbH, Munster, Germany ). Each sample
was analysed in triplicate. To assess the quality of the
sample, a coefficient of variation of less than 5% was used
as areference (Dolezel and Bartos, 2005). The genome size
was calculated through the multiplication of the genome
size of S. lycopersicum (internal standard) by the fluorescent
intensity ratio of sample/standard G, peaks.

2.4. Extraction and yield of essential oils

Essential oils were extracted by hydrodistillation, in
a Clevenger apparatus, for four hours according to the
methodology recommended by the Brazilian Pharmacopeia
(ANVISA, 2010). These extractions were done in duplicate
for each sample. For the extractions, approximately 300g
of leaves were placed in 1,000 mL of reverse osmosis
water, in a 2,000 mL round-bottom flask. The water and
oil vapors were mixed and, after cooling, the molecules
condensed and were separated by differences in solubility
and density. The mixture of oil and water was placed in
a 1.5 mL tube and centrifuged. Afterward, the oil was
removed with a micropipette and stored in the freezer
at -20 °C, protected from light.

Yields from the essential oil extractions were determined
to check whether the different DNA contents influence the
oil production. The dry mass ratio of the plant regarding
the extracted oil mass (m.m) was used, in duplicate.
An analytical balance (Shimadzu AUY220) with four decimal
places was used for weighing the samples.

2.5. Chromatographic profile of essential oils

Samples of the essential oils were analyzed by Gas
Chromatography with Flame lonization Detector (GC-
FID) (Shimadzu GC-2010 Plus) and Gas Chromatography
coupled with Mass Spectrometry (GC-MS) (Shimadzu
GCMS-QP2010 SE). The following conditions were used:
carrier gas - He (for the two detectors), with the flow and
linear velocity of 2.80 mL.min" and 50.8 cm.sec™' (GC-FID)
and 1.98 mL.min' and 50.9 cm.sec! (GC-MS), respectively;
the injector temperature was of 220 °Cin a 1:30 split ratio;
fused silica capillary column (30 m x 0.25 mm) was used;
stationary phase Rtx®-5MS (0.25 pm film thickness).
Oven temperature programming: initial temperature
of 40 °C, which remained for 3 minutes; temperature
gradually increased to 3 °C.min™' until reaching 180 °C,
remaining for 10 minutes, with a total analysis time of
1 hour; the temperatures used in the FID and MS detectors
were of 240 and 200 °C, respectively (Souza et al., 2017).
The samples were removed from the vials in a volume of
1 pL of a 3% solution of essential oil dissolved in hexane
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with 0.1 mol.L-" DMA (external standard for reproducibility
control).

The GC-MS analyzes were performed in an electronic
impact device with an impact energy of 70 eV; 1000 sweep
speed; scan interval from 0.50 fragments.sec™’ and detected
fragments from 29 to 400 (m/z). The GC-FID analyzes
were performed by a flame formed by H, and atmospheric
air at a temperature of 300 °C. Flows of 40 mL.min"' and
400 mL.min" were used for H, and air, respectively.

The identification of essential oil components was
performed by comparing the mass spectra obtained with
those available in the spectrotheque database (Wiley 7, NIST
05, and NIST 05s) and by the LTPRI retention indices (RI).
A mixture of saturated alkanes C7C40 (Supelco-USA) and
the adjusted retention time of each compound, obtained
through GC-FID, were used to calculate the RI. Then, the
calculated values for each compound were compared with
those in the literature (Adams, 2007; Lemmon et al., 2011).

The relative percentage of each compound from the
essential oil was calculated through the ratio between
the integral area of the peaks and the total area of all the
sample compounds, data obtained by the GC-FID analyzes.
Compounds with the relative area above 1% were identified
and above 10% were considered the majority. The extraction
and analysis of the chemical composition of the oils were
carried out in duplicate, the first extraction was carried
out in February 2018 and the second in June 2019.

2.6. Correlation between DNA content and essential oil
yield

The relationship between DNA content and essential oil
yield was examined using Pearson’s correlation coefficient
(p<0.05). Statistical analysis was performed using the R
program, version 4.1.0 (R Core Team 2021).

3. Results

According to the flow cytometry analysis, the seven
Psidium cattleyanum accessions presented DNA contents
ranging from 2C = 3.2 to 6.03 pg and there was an increase
in the yield of essential oils in plants with higher DNA
contents (Table 1). A Pearson’s correlation analysis was
carried out to quantify the relationship between DNA

Table 1. Correlation (r) between DNA content (pg) and yield (%) of
oils from seven accessions of Psidium cattleyanum.

DNA content

Accession (2C value) (pg) Yield (%)
CAT1 3.95 0.75
CAT2 5.81 0.90
CAT3 6.03 0.95
CAT4 3.23 0.70
CATS 3.80 0.73
CAT6 3.20 0.70
CAT8 4.71 0.80

r =0.99; Pvalue = 1.74¢%.

2Cx Yield
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content and yield of essential oils from leaves of the
accessions. The DNA content was positively correlated
with the yield of essential oils (r = 0.9903633; P value =
1.74¢%) (Table 1).In addition to the quantitative variations,
the plants also showed qualitative variations regarding
the chemical composition of their essential oils (Table 2).
Considering that two extractions were carried out at
different periods, there was variation only CAT6 in the
pattern of the compounds produced (Tables 2 and S1).

Fifteen compounds were identified in the essential
oils of the seven accessions of P. cattleyanum, through
chromatographic analysis at different periods. The oils
of each accession presented 100% of the compounds
with a relative area above 2%, which were classified as
hydrogenated (HM) and oxygenated (OM) monoterpenes
and hydrogenated (HS) and oxygenated (OS) sesquiterpenes
(Figure 1). There was a predominance of hydrogenated
compounds in all the essential oils analyzed, with a greater
representation of the class of sesquiterpenes. However,
the CAT4, CAT5 (Table 2) and CAT6 (Table S1) accessions
presented a greater amount of both oxygenated and
hydrogenated monoterpenes.

Seven monoterpenes (five hydrogenated and two
oxygenated) and eight sesquiterpenes (seven hydrogenated
and one oxygenated) were identified. Trans-caryophyllene

(hydrogenated sesquiterpene) was the major compound
present in all the accessions, followed by alpha-pinene
(HM), copaene (HS), and alpha-humulene (HS) and
eucalyptol (OM). The five major compounds (relative area
> 10%) presented in the essential oils were identified in
Figure 2.

80

Relative area (%)

CAT1 CAT2 CAT3 CAT4 CATS CAT6 CATS
A ions of Psidium

Figure 1. Relative area (%) of terpenic classes in relation to
accessions of Psidium cattleyanum (CAT1, CAT2, CAT3, CAT4, CAT5,
CAT6 and CAT8). Hydrogenated monoterpenes (HM), oxygenated
monoterpenes (OM), hydrogenated sesquiterpenes (HS) and
oxygenated sesquiterpenes (OS).

Table 2. Chemical composition, in percentage, of the relative area of essential oils from Psidium cattleyanum accessions.

Relative area?

Compounds? Retentif)n time Retention index* Terpene
(min)® CAT1 CAT2 CAT3 CAT4 CAT5 CAT6 CAT8 Classes®

alpha-Pinene 8.795 933 1035 2.03 6.06 2380 19.56 570 4.88 HM
beta-Pinene 10.725 976 3.62 HM
Myrcene 11.520 990 8.16 2.01 HM
Limonene 12.925 1025 205 917 HM
Eucalyptol 13.280 1033 27.70 24.34 3.80 OM
Beta-ocimene 13.735 1041 520 417 HM
alpha-Terpineol 20.805 1192 438 345 oM
Copaene 29.030 1374 9.88 9.90 10.20 3.68 HS
trans-Caryophyllene 30.820 1417 7216 62.27 5845 3530 41.80 57.69 57.05 HS
alpha-Humulene 32.270 1453 6.68 13.93 13.38 311 13.06 11.68 HS
alpha-Amorphene 33.255 1476 2.65 3.57 HS
beta.-Selinene 34.279 1490 6.39 2.96 HS
alpha.-selinene 34.672 1498 290 2.72 HS
delta-Cadinene 35.175 1523 6.78 6.34 4.06 HS
NIf 37.455 - 3.44
Viridiflorol 37.485 1580 2.61 oS
NI 39.220 - 250 243
DNA content (pg) 395 581 603 323 380 320 471
Yield (%) 075 090 095 070 073 0.70 0.80

2Compounds were identified by LTPRI Index (GC/FID) and Mass Spectrometry (GC/MS) using the Rtx ®-5MS column; *Tabulated Retention Index
(Adams, 2007; Lemmon et al., 2011); ‘Retention index calculated from data obtained by sampling saturated n-alkanes (C7-C40); ‘Compounds
with relative areas >2% have been identified; and Terpene classes (HM: hydrogenated monoterpenes; OM: oxygenated monoterpenes; HS:

hydrogenated sesquiterpenes); ‘{Unidentified compounds.
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alpha-Pinene Eucalyptol Copaene

Caryophyllene alpha-Humulene

Figure 2. Chemical structure of the major compounds found in
accessions of Psidium cattleyanum.

4. Discussion

Ploidy intraspecific variation was identified in P.
cattleyanum accessions according to the flow cytometry
analysis. This technique is a safe tool to detect polyploidy
indirectly, according to Medina (2014), which reported
that the 2C value would have a direct relationship with the
ploidy level determined for cytotypes 2n=77 and 2n=88 of
P. cattleyanum in Uruguay. Souza et al. (2015) also report
that the variation of nuclear DNA content presented a
coherent and proportional relationship with the ploidy
level of the investigated P. cattleyanum accessions in their
study. Furthermore, flow cytometry is considered a fast,
reliable, and simple method to measure the level of ploidy
and confirm polyploidy (Roy et al., 2001). According to
DoleZel et al. (2007), the ploidy level is indirectly inferred
by its correlation with the relative or absolute DNA content
(DNA ploidy level).

Polyploidy was already described in other species from
the genus Psidium, such as P. acutangulum Mart. ex DC,
P. friedrichstalianum (O. Berg) Nied, P. guajava L., P. guinense
Sw., and others (Atchison, 1947; Hirano and Nakasone,
1969; Kumar and Ranade, 1952). Different ploidy levels
were reported for the first time for P. cattleyanum, by
Costa and Forni-Martins (2006), in which individuals with
yellow and red fruits presented different chromosome
numbers. However, the correlation of DNA content with
the qualitative and quantitative characteristics of oil
production in this species is described for the first time
in this study.

The oil production of P. cattleyanum is expressive
when compared to other Psidium species. Here, the oil
production ranged from 0.70 to 0.95% (Table 1), while
Souza et al. (2017) obtained a yield ranging from 0.17 to
0.56% in 22 genotypes of P. guajava. In addition to the
“gigas” effect, which increases cell size and consequently
the number of gene copies, the type of biosynthetic
pathway present in the species can explain the high yield
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in P. cattleyanum. Some studies indicate that the terpene
biosynthetic pathway is the main source of essential oil
production (Kiilheim et al., 2015; Padovan et al., 2014;
Webb et al., 2013; Webb et al., 2014). The essential oils of
the analyzed plants are mostly compounded by terpenes,
thus, plants with a larger genome present more terpene
genes and consequently produce more oil.

In addition to the observation of three groups of plants
with similar DNA contents and yields, can also be inferred
that the profile of the compounds produced by them is
similar (Figure 2). Thus, the presence of three different
chemotypes in the samples is observed. The number of
molecules of sesquiterpenes and monoterpenes produced
by plants is close, however, monoterpenes were produced
almost exclusively by individuals with lower DNA content
(CAT 1,4,5, 6 and 8), while sesquiterpenes were produced in
greater quantities and with greater variability in individuals
with higher DNA content (CAT2 and CAT3).

The relative proportion of secondary metabolites
occurs at different levels (seasonal and circadian-daily;
intraplant, inter and intraspecific) and results from the cell
specialization in which their manifestations occur according
to the differential expression of genes (Souza et al., 2017).
The pattern found in P. cattleyanum may occur due to
the terpene synthase (TPS) gene family, which is a class
of specialized enzymes for terpene biosynthesis. This
family comprises three classes and seven subfamilies.
Class I consists of TPS-c (copalyl diphosphate and ent-
kaurene), TPS-e/f (ent-kaurene and other diterpenes,
as well as some mono and sesquiterpenes) and TPS-h
(specific to Selaginella). Class II consists of TPS-d (specific to
gymnosperms) and class Ill presents TPS-a (sesquiterpenes),
TPS-b (cyclic monoterpenes and hemiterpenes) and
TPS-g (acyclic monoterpenes) (Kiilheim et al., 2015).
Psidium cattleyanum plants, analyzed in this study, are
supposed to present a TPS class Ill pattern (TPS-a and TPS-b).

Psidium cattleyanum presented a small variation in the
types of terpenes found, which indicates the presence
of identical TPS genes, which were possibly duplicated
in these autopolyploids. For all the individuals, trans-
caryophyllene, alpha-pinene, copaene, alpha-humulene and
eucalyptol were the compounds that presented the highest
averages in the relative proportions (Table 2 and Table S1).
Such compounds have proven biological activities for
medicinal purposes (Scur et al., 2016). Trans-caryophillene
presents antileishmaniasis, antischistosomiasis and
antifungal activity. Alpha-Humulene is anti-inflammatory.
Alpha-pinene has antibacterial and antifungal effects
(Hong et al., 2004). Eucalyptol has been widely used in the
pharmaceutical industry for its antibacterial, antifungal,
sedative, anticonvulsant (Monforte et al., 2011), and
analgesic properties (Takaishi et al., 2012).

The two collection times showed little influence on the
chemical composition of the analyzed plants, according
to the chromatographic profile of the essential oils in the
two extractions carried out, with the exception of the
CATG6 accession (Table 2 and S1). Thus, the feasibility of
exploiting the essential oil for pharmacological purposes is
evidenced, since the production of the major compounds
of interest was noticed in the two collection times.
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5. Conclusion

The DNA content in P. cattleyanum directly influences
the quantitative and qualitative characteristics of its
essential oils, and plants with higher DNA content (CAT2 and
CAT3) are recommended as possible matrices for the
propagation of new plants with the potential to produce
major compounds of agronomic and pharmacological
interest such as trans-caryophyllene and alpha-humulene.
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Supplementary Material
Table S1. Identification of essential oil compounds from six accessions of Psidium cattleyanum extracted from leaves collected in
February 2018.

Compounds® Retentifm time Re'tention Relative area Terpene

(min)® index* CAT1 CAT2 CAT3 CAT4 CAT5 CAT6 CAT8 classes®

alpha-Pinene 8.795 933 1035 203 6.06 2380 19.56 2446 4.88 HM
beta-Pinene 10.725 976 3.62 HM
Myrcene 11.520 990 8.16 2.26 HM
Limonene 12.925 1025 3.11 9.17 HM
Eucalyptol 13.280 1033 2770 2434 2548 3.80 OM
Beta-ocimene 13.735 1041 520 417 HM
alpha-Terpineol 20.805 1192 438 345 oM
Copaene 29.030 1374 9.88 9.90 6.25 3.68 HS
trans-Caryophyllene 30.820 1417 7216 62.27 5845 3530 4180 21.86 57.05 HS
alpha-Humulene 32.270 1453 6.68 1393 13.38 311 1050 11.68 HS
alpha-Amorphene 33.255 1476 2.65 3.57 HS
beta.-Selinene 34.279 1490 2.96 HS
alpha.-selinene 34.672 1498 2.72 HS
delta-Cadinene 35175 1523 6.78 6.34 6.08  4.06 HS
NIf 37455 - 3.44
Viridiflorol 37485 1580 2.61 0s
NI 39.220 - 250 243

2Compounds were identified by LTPRI Index (GC/FID) and Mass Spectrometry (GC/MS) using the Rtx ®-5MS column; *Tabulated Retention Index
(Adams, 2007; Lemmon et al., 2011); ‘Retention index calculated from data obtained by sampling saturated n-alkanes (C7-C40); ‘Compounds
with relative areas >2% have been identified; and Terpene classes (HM: hydrogenated monoterpenes; OM: oxygenated monoterpenes; HS:
hydrogenated sesquiterpenes); ‘{Unidentified compounds.
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