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ABSTRACT: Varronia curassavica is a medicinal species native to Brazil; its anti-inflammatory properties are attributed to a-humulene and
p-caryophyllene. This study to investigated the population variability of V. curassavica. Leaves were collected from 40 individuals of a natural
population and transferred to glass flasks (2 mL). The volatiles were extracted and analyzed using static headspace gas chromatography
coupled with mass spectrometry (HS—GC-MS). A total of 17 compounds were detected: monoterpenes (1.6% - 68%) and sesquiterpenes
(25.7% - 79.0%), including a-humulene and p-caryophyllene. Multivariate analysis was performed to estimate the dissimilarity of individuals
separated the compounds into four groups. Group I was characterized by the content of a-pinene, groups Il and IV by [-caryophyllene,
and group IIl by f-pinene. The abundance of a-humulene showed small variations; while p-caryophyllene showed larger variations that
contributed to the population variability. This is the first report on the chemical composition analysis of volatile compounds in V. curassavica
using the HS—GC-MS technique.

Key words: a-humulene, f-caryophyllene, Boraginaceae, Cordia verbenacea D.C., genetic resources.

Variabilidade de individuos de uma populacio de Varonia curassavica Jacq.
a partir de compostos volateis

RESUMO: Varronia curassavica é uma espécie medicinal nativa no Brasil e sua propriedade anti-inflamatoria é atribuida aos compostos
a-humuleno e f-cariofileno. O objetivo foi estudar a variabilidade de populagdo de V. curassavica. Foram coletadas folhas de 40 individuos
de populagdo natural, sendo estas transferidas para frascos de vidro (2 mL). Os volateis foram extraidos e analisados por headspace estatico,
associado a cromatografia gasosa, acoplada a espectrometria de massas (HS-CG-EM). Detectou-se 17 compostos: monoterpenos (1,6%
- 68%) e sesquiterpenos (25,7% - 79,0%), incluindo o a-humuleno e o p-cariofileno. A andlise multivariada foi realizada para estimar a
dissimilaridade dos individuos, a qual separou quatro grupos. O grupo I foi caracterizado pela presenga do a-pineno, os grupos Il e IV do
P-cariofileno e o grupo Il do f-pineno. O teor do a-humuleno apresentou pequenas variagdes, enquanto o do f-cariofileno contribuiu mais
para a variabilidade da populacdo. E o primeiro relato de andlise da composicio quimica de compostos volateis de V. curassavica utilizando
a técnica HS-GC-MS.

Palavras-chave: a-humuleno, f-cariofileno, Boraginaceae, Cordia verbenacea DC., recursos genéticos.

INTRODUCTION in height, has simple, aromatic, and alternating
leaves, and small white flowers (LORENZI &

The essential oil destilled from the leaves MATOS, 2002). It is native to Brazil where it has a

of Varronia curassavica Jacq. has commercial value
in the pharmaceutical industry because it contains
o-humulene and B-caryophyllene as chemical
markers, enabling the development of a genuinely
Brazilian herbal medicine (RYAN, 2010). The plant
belongs to Boraginaceae (borage family) (SOUZA
& LORENZI, 2012) and is popularly known as
“Erva-baleeira”. The plant reaches 1.5 to 2.0 m
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wide distribution (INCT, 2020) including in “Vale
do Jequitinhonha” and North of Minas Gerais
(MENDES et al., 2015).

Volatile compounds, including essential
oils present in medicinal and aromatic plants,
can be studied as an alternative to identify
chemical markers of the species (RICHTER &
SCHELLENBERG, 2007). These molecules are
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essential for validating some medicinal plants for
reliable and safe use (BESSA et al., 2013). Also,
diversity in the chemical composition of a plant’s
natural population can be an important indicator of
the existing genetic variability, affecting the quality
of the feedstock obtained from extraction.

Decree No. 5.813, from June 22, 2006, that
established the National Policy on Medicinal Plants
and Herbal Medicines (BRAZIL, 2006) provides
guidelines to ensure safe access to the population and
the rational use of herbal medicines and medicinal
plants in Brazil, promoting sustainability and the
development of production chain and of industries
including pharmaceutical, medical, and food
industries. It is essential to determine the chemical
composition of plants to guarantee safety and quality
reproducibility. Health professionals can feel safer
when recommending herbal medicines if there is a
standardization of plant extracts based on levels of
active compounds or appropriate chemical markers
(SOUZA-MOREIRA et al., 2010).

Research involving medicinal plants is
multidisciplinary; it covers the food, pharmaceutical,
cosmetic, medicinal, zootechnical, and veterinary
fields. Plant-derived compounds have been shown
to have potential therapeutic uses, so is essential
investing in these products in addition to research
with conventional drugs (MOHAMMADHOSSEINI
et al., 2019). Industries and consumers are interested
in using products of plant origin as alternatives to
chemically synthesized products; therefore, research
on the development of herbal drugs is necessary
(MOHAMMADHOSSEINI, 2017).

Research has demonstrated therapeutic
properties of genera such as Achillea, Ziziphora,
and Ferula linked to the phytochemicals present in
these medicinal plants (MOHAMMADHOSSEINI
et al., 2017a; MOHAMMADHOSSEINI, 2017,
MOHAMMADHOSSEINI et al, 2019). Most
of the studies on the isolation, characterization,
and Dbiological activity of medicinal plant
compounds are from the Middle East and a
few European countries and these studies are
mainly “in  vitro” (MOHAMMADHOSSEINI,
2017, MOHAMMADHOSSEINI et al., 2017a).
Studies of “in vivo” and clinical trials should be
carried out to complement such investigations,
establish the therapeutic use of these plants,
and determine side effects and mechanisms
of action (MOHAMMADHOSSEINI, 2017,
MOHAMMADHOSSEINI et al, 2017a). It is
also important to understand further aspects of
the species such as biology and phytochemistry,

discover new properties, and prove those already
reported by ethnobotany (MOHAMMADHOSSEINI
et al.,, 2017a). Although, chemical variations in
a medicinal species are not of much interest to the
pharmaceutical industry and the production of
herbal medicines, variability is important for the
conservation and improvement of the species; to
maintain the conservation of the species, variability
must be preserved, and their management must be
adequate (KAHILAINEN et al., 2014). The loss of
variability can decrease plants’ capacity for evolution
due to environmental changes and can contribute
to the extinction of species (FRANKHAM, 2003).
Thus, assessing variability among plants of the
same species is important for their management
(HOELTGEBAUM et al., 2015).

There are published studies on the chemical
composition of essential oils and volatile compounds
using traditional (hydrodistillation) and advanced
(headspace and solvent-free microwave) techniques
from medicinal plant species with phytotherapeutic
potential (MOHAMMADHOSSEINI et al., 2017b;
NEKOEI & MOHAMMADHOSSEINI, 2016;
NEKOEI & MOHAMMADHOSSEINI, 2016;
ZANOUSI et al., 2016). The headspace technique is
simple, fast, cheap, uses little plant material, requires
little or no preparation of the sample, involves
little energy expenditure, and requires no solvents.
However, most compounds detected by wvarious
techniques were similar: oxygenated monoterpenes,
monoterpene hydrocarbons, oxygenated
sesquiterpenes, sesquiterpene hydrocarbons, and
non-terpene hydrocarbons were found to be common
to all techniques (ZANOUSI et al., 2016).

The headspace technique is suitable for
the identification of sesquiterpene hydrocarbons
(NEKOEI & MOHAMMADHOSSEINI, 2017)
including o-humulene and B-caryophyllene that are
chemical markers of V. curassavica, justifying the use
ofthese technique for this species. Using the headspace
technique, 108 compounds were detected while the
hydrodistillation technique detected 68 compounds,
and the solvent-free microwave extraction detected
70 (ZANOUSI et al., 2016). The static headspace
technique coupled to mass spectrometry (HS-GC—
MS) can be used to analyze volatiles efficiently and
is quick, easy, and reproducible (CANUTI et al.,
2009); it extracts, separates, and detects important
volatile compounds in the analyzed sample without
interference from solvents (UBEDA et al., 2011).
This study assessed the chemical variability (volatile
compounds) of V. curassavica Jacq. population using
the static headspace technique.
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MATERIALS AND METHODS

The leaves of Varronia curassavica
(Jacq.) Boraginaceae (MCCA 954) (INCT, 2020)
were collected from 40 individuals of a natural adult
population in the district of Sdo Gongalo do Rio das
Pedras, a rural area of the municipality of Serro, in
the “Vale do Jequitinhonha”, Minas Gerais, Brazil.
The individuals’ geographic coordinates (Figure 1)
were determined using the Global Positioning System
(GPS) receiver, Garmin GPSMap 60s portable, used
in the construction of the location map.

Leaf samples (1 g) from each individual,
separated by at least 5 m from each other on the
field, were collected in the second half of 2015.
The leaves were immediately transferred to a glass
headspace flask (20 mL) and maintained at -5 °C
until analysis.

The flasks containing the leaves were
transferred to an automatic sampler (HS combi-
PAL), homogenized (500 rpm), incubated at 75
°C for 5 min, and the injection volume (1000 pL)
was removed using a preheated syringe (75 °C)
(AGUIAR et al., 2014). The Agilent Technologies
system (7890A) coupled to the mass spectrometer
(MS 5975C) equipped with fused silica capillary
column DB-5 MS (30 m x 0.25 mm x 0.25 pm) and
supplied with helium (flow 1 mL ¢ min- 1) as carrier
gas was used for the separation and identification of

compounds. The temperature was programmed from
60 °C to 240 °C with an increase of 3 °C min™'. The
system was operated in scan mode (2.89 scan s') with
an electronic impact at 70 eV, in the range of 45 to
550 (m/z) (ADAMS, 2012).

The relative abundance (%) of each
compound was determined from the total ion
chromatogram and organized according to the
order of elution. Identification of the compounds
was performed by comparing the mass spectrum to
the National Institute of Standards and Technology
(NIST, 2009), the calculated relative retention index
(IR) (VAN DEN DOOL & KRATZ, 1963), and the
specialized literature (ADAMS, 2012).

A multivariate analysis was performed
using the Genes software (CRUZ, 2013) to evaluate the
dissimilarity of individuals. The Tocher optimization
grouping method (CRUZ et al., 2014) was used based
on Euclidean distance, and the Singh method (1981)
was applied to the most important compouns when
determining the compounds’ dissimilarity.

RESULTS AND DISCUSSION

Seventeen compounds (Tables 1, 2, 3,
4) were detected and identified in the leaves of V.
curassavica Jacq. highlighting monoterpenes (1.6%
- 68.1%) and sesquiterpenes (25.7% - 79%). The two
chemical markers of the species, P-caryophyllene

Figure 1 - Distribution map of individuals of the Varronia curassavica
population collected in the community of Sdo Gongalo do Rio
das Pedras, Serro, Minas Gerais, Brazil.
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Table 1 - Volatile compounds analyzed by HS—-GC-MS from the leaves of Varronia curassavica Jacq. population collected in Sao
Gongalo do Rio das Pedras, municipality of Serro, Minas Gerais, Brazil.

1 2
RT Rlap Compounds
9.2 846 Hex-2-enal - -
14.1 932 a-Pinene 432 434
14.7 946 Camphene = =
16.9 974 B-Pinene 195 151
17.7 988 B-Myrcene 2.4 2.0
20.2 1025 Sylvestrene 1.1 1.1
20.4 1026 Eucalyptol - -
21.5 1032 B-Cimene - -
38.0 1374 Copaene 2.6 2.8
383 1387 B-Bourbonene - -
38.5 1389 B-Elemene 1.1 -
39.3 1409 a-Gurjunene - 1.0
39.6 1417 B-Caryophyllene 8.9 10.5
40.7 1452 o-Humulene 1.0 1.2
40.9 1458 Alloaromadendrene 2.6 33
41.7 1513 y-Cadinene 9.4 8.6
42.1 1559 Germacrene B 23 3.6
Others” 59 7.5
Monoterpenes 66.2  61.5
Sesquiterpernes 27.8 309
Total 940 925

3 4 5 6 7 8 9 10
Relative Abundance (%)

- - - - 22 - - -
35.8 5.6 4.6 353 1.5 22.1 7.9 18.7
- - - - - - 2.4 -
243 227 153 11.9 2.8 13.1 265 19.6
3.1 1.8 - - 3.1 - 16.7 2.6
1.4 1.2 - - - - 2.1 1.2
- - - - 3.0 - 1.8 -

- - 1.3 - - - - -
2.1 4.8 - - 43 2.8 22 3.0
- 1.9 53 32 2.8 - - -

- 1.8 14 1.1 22 - - 1.8
1.0 - - - 2.0 - - -

12.1 227 241 19.7 309 17.3 12.1 20.2
1.4 2.5 2.8 2.1 35 2.0 1.3 22

2.3 - - 3.5 5.6 - 2.0 29
72 17.5 239 12.9 15.0 11.9 9.6 11.7
32 29 5.7 - - 5.7 2.0 3.5

6.1 14.6 14.2 102 21.1 205 13.6 12.8
646 313 212 473 7.5 352 555 420
292 541 633 425 663 397 292 453

939 854 845 898 789 749 864 872

"Compounds below 1% of the chromatographic peak area. (-): Compounds not detected. Rltab: tabulated retention index (ADAMS,
2012). RT: retention time (minutes). The numbers 1 to 10 correspond to the individuals selected for the study. HS—-GC-MS: static

headspace chromatography coupled with mass spectrometry.

(8.9 - 37.3%) and a-humulene (1.0% - 3.8%) were
among the latter (CARVALHO JUNIOR et al.,
2004). These molecules are responsible for the anti-
inflammatory action of this plant (PASSOS et al.,
2007; FERNANDES et al., 2007).

B-Caryophyllene and o-humulene were
detected in the volatiles of all analyzed samples,
except for sample 31 in which [-caryophyllene
was not detected. B-Pinene (1.6% - 30.8%) and
y-cadinene (1.2% - 23.9%) were also detected in the
leaf volatiles of all analyzed individuals. In a study
by RODRIGUES et al. (2012), essential oils of “erva-
baleeira” contained a-pinene, B-pinene, B-elemene,
B-myrcene, p-caryophyllene, o-humulene, and
y-cadinene. QUEIROZ et al. (2016) also analyzed the
essential oil of “erva-baleeira” leaves and detected
monoterpenes (15.2%) such as o-pinene, B-pinene,
and sesquiterpenes (62.3%) such as B-caryophyllene
and o-humulene. The chemical composition of
essential oils from the leaves of “erva-baleeira”

analyzed in our study was similar to the volatiles
detected in leaves by Rodrigues et al. (2012) and
QUEIROZ et al. (2016).

The published literature shows that
the HS-GC-MS technique is an important
methodology in qualitative chemical analysis and
is being evaluated for new applications (SNOW &
BULLOCK, 2010). CANUTI et al. (2009) reported
that the same compounds detected as volatiles
during ripening of grapes were also present in the
wine produced using the same grapes. In a study
by LEBRUN et al. (2008), it was observed that
the analysis of mango volatile compounds defined
the ideal maturity of the fruits for harvesting in a
non-destructive way. The HS-GC-MS technique
was efficient in detecting main hydrocarbons
when evaluating volatile compounds in red algae
(ALENCAR et al., 2017). In a study with Trigonella
elliptica, the static headspace technique efficiently
detected volatile compounds that were also detected
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Table 2 - Volatile compounds analyzed by HS—-GC-MS from the leaves of Varronia curassavica Jacq. population collected in Sao
Gongalo do Rio das Pedras, municipality of Serro, Minas Gerais, Brazil.

11 12 13 14 15 16 17 18 19 20
RT Rl Compounds Relative Abundance (%)
9.2 846 Hex-2-enal - - - - - - - - - -
14.1 932 a-Pinene 5.7 48.9 - 22.3 29.1 8.3 4.0 229 - 27.5
14.7 946 Camphene - - - - - 1.0 - - - -
16.9 974 B-Pinene 23.1 16.3 13.9 20.2 233 29.0 11.9 15.9 1.6 13.4
17.7 988 B-Myrcene 1.1 1.9 2.0 2.7 3.1 35 - 2.1 - 1.1
20.2 1025 Sylvestrene 1.1 1.1 1.0 1.3 1.4 1.4 - - - -
20.4 1026 Eucalyptol - - - - - - - - - -
21.5 1032 B-Ocimene - - - - - - - - - -
38.0 1374 Copaene 4.8 1.9 25 32 2.8 3.4 29 32 5.4 35
383 1387 B-Bourbonene 1.7 1.3 - - - 1.3 - 1.0 1.2 -
38.5 1389 B-Elemene 1.3 - - - 1.4 - 2.0 - 1.3 -
393 1409 a-Gurjunene - - - - - - - - - -
39.6 1417 B-Caryophyllene 19.3 11.1 13.0 18.6 10.3 16.8 29.5 18.3 373 20.9
40.7 1452 a-Humulene 23 1.2 1.4 2.0 1.2 2.0 3.1 1.9 3.8 22
40.9 1458 Alloaromadendrene 34 2.0 - - - - 23 - - -
41.7 1513 y-Cadinene 19.9 6.1 10.0 12.2 11.0 15.8 12.2 11.8 24.2 11.2
42.1 1559 Germacrene B 2.5 2.1 4.5 2.8 43 4.9 6.3 3.7 5.8 29
Others” 13.8 6.2 48.6 14.6 12.2 12.7 19.8 14.9 9.2 14.1
Monoterpenes 31.0 68.1 16.8 46.5 56.9 43.2 16.0 40.9 1.6 42.0
Sesquiterpernes 55.2 25.7 314 38.9 31.0 44.2 58.2 39.9 79.0 40.7
Total 86.2 93.8 48.2 85.4 87.8 87.3 74.1 80.8 80.5 82.7

"Compounds below 1% of the chromatographic peak area. (-): Compounds not detected. Rltab: tabulated retention index (ADAMS,
2012). RT: retention time (minutes). The numbers 11 to 20 correspond to the individuals selected for the study. HS-GC-MS: static

headspace chromatography coupled with mass spectrometry.

by GC-MS and GC-FID analysis of essential oils
(BAHMANZADEGAN et al., 2017).

The HS-GC-MS technique was also
efficient in detecting volatile compounds and the
main marker compounds in the leaves, flowers, and
stems of Elsholtzia ciliate medicinal plant; it even
detected differences in plant composition between
parts of the plant (WANG et al., 2017). HE et al.
(2019) considered the technique to be simple, fast,
and precise for analyzing volatile compounds of
Clausena lansium and suggested that it should be
used for the quality control of plants, foods, and
herbal medicines. The effectiveness, repeatability,
and reliability of the technique allow it to be used
efficiently to determine the chemical profile of foods
because the volatile compounds detected by the
technique represent the food composition (LIBERTO
et al., 2019). Although, essential oils are different in
many aspects from volatile compounds, the literature
supports the notion that it is possible to predict the
chemical compounds present in essential oils from

the chemical composition of volatile compounds in
the leaves of medicinal plants.

It is also possible to predict plant
metabolites using the headspace technique, even with
a small number of leaves. This technique is faster and
cheaper compared to the essential oil analyses as it
does not require a massive volume of leaves for oil
extraction, thus simplifying the analysis process.

Table 5 shows the groups of similar
volatile compounds extracted from the leaves of
V. curassavica. Four groups were formed by the
Tocher method, three with one individual each:
group II (individual 5), group III (individual 9), and
group IV (individual 7). The remaining individuals
corresponding to 92.5% of the total formed Group 1.

B-caryophyllene was the most abundant
in groups II and IV, while o-pinene was the most
abundant in group I and PB-pinene in group III.
Groups II and IV were considered distinct even with
B-caryophyllene as the major compound; this may
have occurred due to the number of compounds

Ciéncia Rural, v.52, n.8, 2022.
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Table 3 - Volatile compounds analyzed by HS—-GC-MS from the leaves of Varronia curassavica Jacq. population collected in Sao
Gongalo do Rio das Pedras, municipality of Serro, Minas Gerais, Brazil.

21 22
RT Rl Compounds
9.2 846 Hex-2-enal 1.0 -
14.1 932 a-Pinene 45 -
14.7 946 Camphene = =
16.9 974 B-Pinene 19.2 12.8
17.7 988 B-Myrcene 13 1.6
20.2 1025 Sylvestrene - -
204 1026 Eucalyptol - -
215 1032 B-Ocimene - -
38.0 1374 Copaene 4.7 2.8
383 1387 B-Bourbonene - -
385 1389 B-Elemene 22 1.0
393 1409 a-Gurjunene - -
39.6 1417 B-Caryophyllene 19.8 19.3
40.7 1452 a-Humulene 2.3 2.0
40.9 1458 Alloaromadendrene - 2.1
41.7 1513 y-Cadinene 20.3 10.1
421 1559 Germacrene B 9.4 4.0
Others 13.1  40.6
Monoterpenes 25.2 14.5
Sesquiterpernes 58.7 41.2
Total 849 557

23 24 25 26 27 28 29 30
Relative Abundance (%)

30.8 5.6 31.8 223 5.8 9.0 10.9 433
- - - - - 1.0 - -
16.0 22.7 15.8 20.7 25.0 342 3.6 14.2
1.3 2.9 1.1 2.8 32 43 - 2.0
- 1.1 - 1.2 14 1.9 - 1.0
34 3.8 1.6 2.1 4.6 3.6 3.9 2.7
- 1.2 2.3 1.1 1.2 - 1.0 -

- 1.0 - - - - - -
16.3 19.5 12.8 17.3 16.2 12.7 30.1 14.1
1.8 2.2 1.5 1.8 1.9 1.4 3.0 1.5
- 39 2.0 2.4 - - 2.6 -
13.9 17.1 7.6 10.0 17.8 13.8 15.1 10.3
2.6 5.1 32 7.3 4.5 3.9 3.1
13.9 13.9 20.4 16.0 14.6 134 20.8 7.9
48.1 32.3 48.6 46.8 354 50.5 14.5 60.4
38.1 53.8 31.0 34.8 49.0 36.1 59.8 31.7
86.1 86.1 79.6 81.6 84.4 86.6 74.2 92.1

"Compounds below 1% of the chromatographic peak area. (-): Compounds not detected. Rltab: tabulated retention index (ADAMS,
2012). RT: retention time (minutes). The numbers 21 to 30 correspond to the individuals selected for the study. HS—-GC-MS: static

headspace chromatography coupled with mass spectrometry.

detected in group IV that were not detected in group
IT and the proportion of y-cadinene that was higher in
group II (23.9%) than in group IV (9.6%).

Camphene and sylvestrene (1.0 —2.1%) were
detected in groups I and III. B-Ocimene was detected
in group II. Hex-2-enal was detected in groups I and
IV. B-myrcene (1.1 — 16.7%), copaene (1.6 — 5.4%),
a~gurjunene (1.0 — 17.4%), and alloaromadendrene (2.0
—7.6%) appeared in groups I, 111, and I'V. Eucalyptol (1.8
—3,0%) was detected in groups III and IV. B-Burbonene
(1.0 — 5.3%) and B-elemene (1.0 — 2.7%) were detected
in groups I, 11, and IV, and germacrene B (2.0 — 9.4%)
was detected in groups I, 11, and III.

Variations in volatile compounds can be
attributed to genetic and environmental factors such as
altitude, temperature, and luminosity, in addition to the
phenological stage. However, as the observation area
was only 4.41 ha with an altitude variation of only 18
m, without variations observed in the occurring soil
and with the plants in bloom, the observed chemical
variability is probably due to genetic differences.

According to FIGUEIREDO et al. (2008), there are
internal and external factors that interfere with the
production of volatile and essential oil compounds in
plants such as the stage of development of the plant
organs, temperature, and light. However, temperature
and light may not explain the variations observed in
our study since the individuals were close to each
other. It should be noted that this species is a facultative
allogamous species (BRANDAO et al., 2015); therefore,
there is genetic variability between individuals.

V. curassavica is a resilient species in
terms of genetics, as it is a polyploid with self-
incompatibility that provides greater conservation of
the species’ genetic diversity and contributes to the
chemical variations presented by the species. Matrices
have a greater number of private alleles (exclusive
to a population) than descendants, indicating that
individuals from a population do not participate in
the same way in the reproductive process and may
present variability among themselves. The chemical
variation may also have occurred because of the
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Table 4 - Volatile compounds analyzed by HS—-GC-MS from the leaves of Varronia curassavica Jacq. population collected in Sao
Gongalo do Rio das Pedras, municipality of Serro, Minas Gerais, Brazil.

31 32
RT Rl Compounds
9.2 846 Hex-2-enal - -
14.1 932 a-Pinene 323 7.9
14.7 946 Camphene - =
16.9 974 B-Pinene 214 30.8
17.7 988 B-Myrcene 2.8 3.8
202 1025 Sylvestrene 1.3 1.5
204 1026 Eucalyptol - -
215 1032 B-Ocimene - -
380 1374 Copaene 2.1 -
383 1387 B-Bourbonene - -
385 1389 B-Elemene - =
393 1409 a-Gurjunene 17.4 1.7
39.6 1417 B-Caryophyllene - 24.3
40.7 1452 o-Humulene 1.7 2.5
40.9 1458 Alloaromadendrene - 7.6
417 1513 y-Cadinene 9.3 1.2
421 1559 Germacrene B 2.4 2.7
Others’ 6.3 15.9
Monoterpenes 57.8 44.1
Sesquiterpernes 32.9 40.0
Total 90.7  84.1

33 34 35 36 37 38 39 40
Relative Abundance (%)

- - - - - - - 1.4
15.8 178 27.6 5.3 4.4 1.7 3.1 8.7
19.4 19.7 230 237 17.4 4.1 9.7 5.9

1.7 3.0 1.9 - 3.4 - -
1.0 1.0 1.4 1.1 - - - -
42 4.7 2.5 43 3.1 3.7 44 44

- 1.3 - 1.4 - - - -

- 1.1 1.9 1.1 1.1 2.7 1.1 -
- - - - - 12 - -
15.0 12.5 137  21.0 275 31.7 293 25.8
1.7 1.6 1.4 2.3 2.8 32 3.0 2.7
4.5 - 2.4 - 3.0 2.9 - -
14.8 18.7 9.6 16.1 11.4 13.9 18.0 17.9
3.4 2.8 2.0 7.8 6.0 6.2 7.9 3.8
19.0 16.2 11.6 14.0 16.6 18.0 184 237
36.3 40.2 54.9 320 218 9.1 12.8 14.5
437 427 335 54.0 54.8 65.5 63.7 54.6
80.0 82.9 88.4 86.0 766 746 764 70.6

"Compounds below 1% of the chromatographic peak area. (-): Compounds not detected. Rltab: tabulated retention index (ADAMS,
2012). RT: retention time (minutes). The numbers 31 to 40 correspond to the individuals selected for the study. HS-GC-MS: static

headspace chromatography coupled with mass spectrometry.

variability from deprived alleles of other populations
being present in individuals of the studied population
(their descendants) due to cross-pollination
(HOELTGEBAUM & REIS, 2017). The genetic
variability expressed in the chemical variation may

Table 5 - Groups formed by Tocher’s method in the study of
the genetic dissimilarity of individuals from the
population of Varronia curassavica Jacq. collected
in Sao Gongalo do Rio das Pedras, municipality of
Serro, Minas Gerais, Brazil.

Groups Individuals
20 23 18 8 30 14 13
22 15 10 26 35 3 1

I 2 12 33 34 25 24 37
27 36 11 4 16 29 17
39 28 38 21 40 6 19

32 31

I 5

1T 9

v 7

also have occurred as the individuals are native
and have not undergone any domestication process
(BRANDAO et al., 2015).

The compounds that contributed most
to the chemical variation of the volatiles in “erva-
baleeira” individuals were o-pinene, B-pinene, and
-caryophyllene, adding up to 86.37% of the relative
contribution; compounds that contributed less were
hex-2-enal, camphene, and B-ocimene, representing
0.11% (Table 6). This variation is related to the
relative abundance of compounds in individuals and
their absence or presence.

o-Humulene contributes little to the
divergence among individuals (0.12%) as its
abundance in the population showed small variations.
This is important because a smaller variation in the
relative abundance ofa compound between individuals
could serve for the standardization of the raw material
when vegetative propagation is carried out. It can also
assist in the conservation of the species. When aiming
extractivism, management can become more efficient by
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Table 6 - Relative contribution (SJ%) of characteristics to the divergence of individuals from the population of Varronia curassavica
Jacq. collected in Sdo Gongalo do Rio das Pedras, municipality of Serro, Minas Gerais, Brazil, estimated by the method

proposed by SINGH (1981).

Compounds

a-Pinene
B-Pinene
B-Caryophyllene
v-Cadinene
a-Gurjunene
B-Myrcene
Germacrene B
Alloaromadendrene
Copaene
B-Bourbonene
B-Elemene
a-Humulene
Sylvestrene
Eucalyptol
Hex-2-enal
Camphene
B-Ocimene

varying the plants in each harvest and by considering their
reestablishment at the subsequent harvests. The existing
variability can be used in the selection of genotypes
with the greatest potential for pharmacological action.
Few individuals, only three in forty, differed in chemical
composition relative to the population (7.5%). However,

S.J (%)

56.02
15.24
15.11
6.10
2.05
1.92
1.20
0.94
0.45
0.34
0.18
0.12
0.12
0.08
0.05
0.05
0.01

even though few individuals diverge, there can be genetic
losses when considering extraction as a source of raw
material for the pharmaceutical industry (OLIVEIRA
& ROPKE, 2016).

Figure 2 shows the geographical layout of
the groups obtained from geographical coordinates.

other plants: group L.

Figure 2 - Geographic distribution of groups of individuals of the Varronia
curassavica Jacq. population collected in Sdo Gongalo do Rio
das Pedras, municipality of Serro, Minas Gerais, Brazil, formed
by the similarity among the chemical composition of the volatile
compounds in leaves. A: group II; B: group III; C: group 1V;

Ciéncia Rural, v.52, n.8, 2022.
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Groups 11, III, and IV were distant from each other,
with group I being arranged throughout the area,
among the other groups.

The results of the groups formed by the
chemical composition match their geographical
distribution because the groups that separate
themselves (II, III, and IV) were composed of only
one individual with greater chemical diversity relative
to the rest of the population, which were distant
from each other. Group I, had a greater number of
individuals with greater chemical similarity, arranged
among the other groups.

CONCLUSION

Varronia curassavica Jacq. population
studied the patterns of chemical diversity, and
B-caryophyllene was one of the compounds that
contributed the most to this variation. The HS—
GC-MS technique was efficient for the extraction,
separation, and identification of volatiles including
the chemical markers of V. curassavica. This is the
first study to report on the chemical composition
analysis of volatile compounds of the species using
the HS—GC-MS technique.
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