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Abstract

The objective of this work was to evaluate the insecticidal and repellent effects of Eugenia uniflora (Myrtaceae) essential
oil (EUEO) on Sitophilus zeamais (Coleoptera: Curculionidae) and to identify the chemical compounds of this oil. Three
experiments were carried out to evaluate the insecticidal effect (immersion of the insect, volatilization and spraying on corn
grains) and one for the repellent effect. Different concentrations of EUEO (0; 0.31; 0.62; 1.25; 2.5; 5; 10%) were prepared.
Seven plates (replicates) were prepared per treatment, containing 15 adult insects each. For the immersion of the insect and
spraying experiment on corn grain, the evaluations were performed at intervals of 1; 6; 12; 24; 48; 72; 96 h. For the vola-
tilization experiment, the evaluation was done at intervals of 12; 24; 48; 72 and 96 h, quantifying the dead insects. In the
repellency experiment, the E. uniflora oil was evaluated at 2.5% in an arena consisting of five polyethylene containers. The
evaluation was performed after 24 h, quantifying the number of insects in each container. In order to identify the chemical
compounds of the EUEO, gas chromatography analysis was performed by mass spectrometer. In the immersion experiment,
mortality was found at 10% concentration, differing significantly from the control. In the volatilization experiment, there
was no significant mortality within and between the application times in any of the treatments. In the spraying experiment
on corn grains, it was found that the concentrations 2.5%, 5% and 10% caused the highest mortality rates, respectively, of
85.71%, 100% and 100%, differing from the control. The 2.5% EUEO has a repellent effect for S. zeamais adults. Regarding
the identification of the essential oil compounds, the major compounds identified were sesquiterpenes of Calamen-10-one
and Silfiperferol-6-in-5-one. The EUEO spraying on corn grain has acute insecticidal and repellent effect on S. zeamais, and
containing sesquiterpenes as major constituents.
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Introduction (Brilinger et al. 2020) before, during and after the harvest,

in the transport, industrialization and storage of the grains

Sitophilus zeamais Motschulsky, 1885 (Coleoptera: Curcu-
lionidae), also known as weevil or corn weevil, is considered
one of the main pests of stored grains in Brazil, as both
larvae and adults cause qualitative and quantitative losses
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(Tavares and Vendramim 2005). The control of insect pests
of stored grains is often carried out with synthetic chemical
insecticides, as they are fast acting and easy to apply. How-
ever, as disadvantages, these are flammable and can cause
explosions; leave residues; cause toxicity to humans; and
select populations of resistant insects (Dias et al. 2020).
Natural plant-based products such as extracts and essen-
tial oils are potentially viable alternatives that can be used
to control S. zeamais since, in most cases, they can be
safer than synthetic chemical molecules, a point which has
aroused the interest of the scientific community. Research
on botanical insecticides has increased since 1980, when the
proportion of articles published on the topic corresponded to
less than 1.43%, compared to 21.38% in 2012 (Isman 2015).
Furthermore, the authors emphasize that there is a positive
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trend in the use of botanical products for insect pest control,
estimating that botanical insecticides will account for 7% of
the bioinsecticide market by 2025.

Among the potential insecticides of plant origin, essen-
tial oils, extracted from certain plants, have received spe-
cial attention. Essential oils can cause repellency or have an
insecticidal effect on pests, which can cause reduced growth
and fecundity, cuticle disruption, inhibition of motility and
respiration, deterrence and effect on biochemical cycles
(Copping and Menn 2000; Enan 2001; Isman 2000).

Some essential oils have shown potential for the control
of S. zeamais, such as the essential oil of Elletaria carda-
momum (L.) Maton. (Zingiberaceae) that showed toxicity
for adults (Huang et al. 2000); the essential oils of Piper
aduncum L. and P. hispidinervum C.DC. (Piperaceae) with
insecticidal effect varying according to concentration and
exposure method (Fazolin et al. 2007); the essential oil of
Tanaecium nocturnum (Barb. Rodr.) Bur. & K. Shum (Big-
noneaceae) with toxicity and slight deterrent effect (Fazolin
et al. 2007); essential oil of Tagetes patula L. (Asteraceae)
with insecticidal and repellent effect (Restello et al. 2009)
and the insecticidal effect of the essential oil of Salvia offici-
nalis L. (Lamiaceae) (Mouna et al. 2021).

The pitangueira, Eugenia uniflora L. (Myrtaceae), native
to Brazil and found in all regions, is one of the plant spe-
cies that has been studied in terms of its diverse potential.
It produces oil in its leaves, flowers and fruits, and the main
chemical component found in essential oils is sesquiterpenes
(Sobeh et al. 2016), which have a phagoinhibitory effect,
affect development, reduce pupal weight, and can lead to
death of the insect (Picman 1986). Several studies have
been demonstrated the insecticidal potential of plants from
Myrtaceae family on several insect pests (Ebadollahi 2013).
However, there are few studies investigating the effects of
E. uniflora on insect pests. Eight essential oils, obtained
from different plants, were evaluated on S. zeamais, and the
essential oil of E. uniflora, applied on corn grains, stood
out, causing 100% mortality of the insects (Coitinho et al.
2010), as well as being the second most toxic, when applied
by contact and ingestion (Coitinho et al. 2011). In a recent
study, the essential oil of E. uniflora proved to be efficient
for the control of Thaumastocoris peregrinus Carpintero and
Dellapé 2006 (Hemiptera: Thaumastocoridae) (Stenger et al.
2021).

In this sense, considering the importance of S. zeamais
in the processing and storage of stored grains, the potential
availability of E. uniflora, as well as the need to develop
new control strategies that are toxicologically safer and envi-
ronmentally correct in relation to synthetic chemicals, the
present work aimed to evaluate the insecticidal and repel-
lent effect of E. uniflora essential oil on S. zeamais and to
identify its chemical compounds.
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Materials and methods

The experiments were carried out at the Biological Con-
trol Laboratory (LABCON) of the Federal Technological
University of Parani, Campus Dois Vizinhos (UTFPR-DV).

Rearing Sitophilus zeamais

The adult insects used in the experiment came from a rear-
ing unit in the laboratory, in an acclimatized environment
with temperature of 25+ 5 °C, humidity of 60+ 10% and
photoperiod of 12 h. For rearing, adults of S. zeamais were
obtained from infested corn grains and were placed in glass
containers with a volume capacity of three litres, together
with organic corn grains, the containers being closed with
voile type fabric to allow aeration. After 25-30 days, the
period for egg laying and larval development, the adults
were removed from the corn grains and placed in another
container with a new substrate for new laying. The container
containing the corn with the larvae was kept under the same
conditions already described, for a period of seven days,
until the emergence of the adults. This procedure was carried
out over continuous generations for conducting the experi-
ments, according to the adapted methodology of Procdpio
et al. (2003) and Restello et al. (2009).

Obtaining Eugenia uniflora essential oil

The essential oil of E. uniflora leaves, obtained by steam
distillation, was supplied by the company Garden City - Sao
Paulo.

Effect of Eugenia uniflora essential oil on Sitophilus
zeamais

The corn used for all the experiments was left in a freezer for
three days, at a temperature of around —2 °C, to eliminate
any other type of insect that could possibly occur and all
glassware used in the experiments was sterilized. The adult
insects used in all experiments were from the same genera-
tion, not sexed, and with age of up to 60 days. To evaluate
the possible effects of the essential oil, four experiments
were carried out, described below.

Insecticidal effect: direct contact by immersion of the insect
and spraying on corn grains and indirect contact
by volatilization

The possible insecticidal effect was evaluated by direct and
indirect contact. By direct contact, the experiment was car-
ried out in two ways: by immersion of the insect in different
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concentrations of essential oil and by spraying different
concentrations of essential oil on the corn grains. Indirect
contact was evaluated by volatilization. In all experiments,
the E. uniflora essential oil was evaluated at concentrations
of 0; 0.31; 0.62; 1.25; 2.5; 5; 10% (treatments), diluted in
distilled water and Tween 80® (0.01%). The Petri dishes (&
150 mm) used (experimental units) were closed and wrapped
with plastic film so that the insects could not escape and
were placed in an acclimatized chamber at a temperature of
27 +2 °C, relative humidity of 60 + 10% and photoperiod of
12 h. The experimental design was completely randomized,
with seven replications per treatment.

In the experiment of direct contact by immersion of the
insects in the concentrations, groups of 15 adult insects of
S. zeamais were immersed for 10 s in a plastic container
containing one mL of the different treatments. After immer-
sion, the insects were placed in Petri dishes, containing 15 g
of corn grain in each dish. The evaluations were carried out
after 1; 6; 12; 24; 48; 72; 96 h, quantifying the number of
dead individuals.

For the direct contact experiment by spraying the essen-
tial oil on the corn grain, portions of 15 g of corn grain were
placed in Petri dishes (150 mm @) and one mL of the treat-
ments was sprayed with the aid of an airbrush coupled to a
Fanen® vacuum pump, calibrated at 1.2 kgf/cm?. Then, 15
adults of S. zeamais were placed on each plate. The evalua-
tions were carried out after 1; 6; 12; 24; 48; 72; 96 h, quan-
tifying the number of dead individuals.

For the experiment of indirect contact by volatilization,
filter paper discs of the same diameter as the plate, contain-
ing one mL of the different treatments, were placed at the
bottom of each Petri dish (9100 mm). On these paper discs
were placed glass beads (n° 4) and on these, another disc
of filter paper (100 mm @), without treatment and on this,
5 g of corn grains, according to the adapted methodology
of (Restello et al. 2009). Then, 15 adult S. zeamais insects
were placed onto the second filter paper. The evaluations
were carried out at 12, 24, 48, 72 and 96 h, quantifying the
number of dead individuals.

Repelling effect: free-choice roll

To evaluate the possible repellent effect, the free choice
test was used. For this purpose, a concentration of 2.5% of
E. uniflora oil, selected from the results of indirect contact
experiments, was used. Seven arenas were made, consisting
of five acrylic containers (5.0 cm @ and 6.5 cm high) inter-
connected by transparent tubes (10 cm). Two of the external
containers received 5 g of corn sprayed with 0.5 mL of dis-
tilled water (control) and two received 5 g of corn sprayed
with 2.5% essential oil (treatment). The spraying procedures
were the same as described for the contact experiment by
spraying the essential oil on the grain. Thus 30 adult insects

were released into the container at the centre. All containers
were closed with a lid and sealed with plastic film to prevent
insects from escaping. The arenas were placed in an accli-
matized environment at a temperature of 25+ 5 °C, humidity
of 60+ 10% and a photoperiod of 12 h. The evaluation was
performed after 24 h, quantifying the number of insects in
each container, according to the methodology adapted from
(Procépio et al. 2003).

The Preference Index (P.I.) was also calculated, in which:
P.I. = (% of insects on the test plant - % of insects on the
control) /(% of insects on the test plant + % of insects on
the control), where: P.I.: -1.00 to -0.10, plant repellent test;
P.I.: -0.10 to +0.10, neutral test plant; P.I.: +0.10 to + 1.00,
attractive test plant.

Analysis of E. uniflora essential oil by gas
chromatography in a mass spectrometer (GC-MS)

The chromatographic analysis was performed by the com-
pany Garden City — Sao Paulo, using automatic injection
(TripPlus As, Thermo) in a gas chromatograph (Focus GC,
Thermo) coupled to an ion trap mass spectrometer (Polaris
Q, Thermo). The sample was injected with a 1:50 flow divi-
sion (Split) (1uL) and separated through a DB-5 chromato-
graphic column (30 m x 0.025 mm, Agilent). Separation of
compounds was performed at 230 °C, transfer line 250 °C,
with constant flow and vacuum compensation. Oven tem-
perature programming: 40°C, 6 min isotherm, heating to 300
°C at a rate of 3 °C.min~"', with a final isotherm of 5 min.
The mass spectrometer was operated in positive electron
impact ionization mode at 70 eV, with ion source tempera-
ture at 200 °C.

Statistical analysis

For all insecticide experiments, data were analyzed for nor-
mality distribution, using the Shapiro-Wilk test. As all data
were not normal, the non-parametric Kruskal-Wallis test was
used. The repellency experiment was submitted to analy-
sis of variance (F test), and the means were compared by
Tukey’s test at 5% significance (p <0.05). In all experiments,
the analyses were carried out with the aid of the statistical
program Assistet 7.7 (Silva 2014).

Results
Insecticidal effect of Eugenia uniflora essential oil
on Sitophilus zeamais: direct contact by immersion

and spraying and indirect contact by volatilization

In the immersion experiment, it was found that only E.
uniflora at 10% caused significant accumulated mortality
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Table 1 Mean percentage of

. % mortality over time
mortality (+PE) of adults of S.

zeamais caused after immersion Treatment

in different concentrations of E.

uniflora essential oil, over 96 h 0-24h 48h 72-96 h P Accumulated
0% 0.00+0.00bA 0.00+0.00aA 0.00+0.00aA >0.05 0.00+0.00b
0.31% 0.00+0.00bA 0.00+0.00aA 0.00+0.00aA >0.05 0.00+0.00b
0.62% 0.00+0.00bA 0.00+0.00aA 0.95+0.80aA >0.05 0.95+0.80b
1.25% 0.00+0.00bA 0.00+0.00aA 0.00+0.00aA >0.05 0.00+0.00b
2.5% 0.00+0.00bA 0.00+0.00aA 0.00+£0.00aA >0.05 0.00+0.00b
5% 21.90+6.63abA 0.00+0.00aB 0.00+0.00aB <0.05 21.90+6.63ab
10% 51.43+4.34aA 0.00+0.00aB 2.86+ 1.66aB <0.05 54.29+3.53a
p <0.05 >0.05 >0.05 <0.05

Means (+EP) followed by the same lowercase letter in the column and uppercase in the row, do not differ
significantly from each other by the Kruskal-Wallis test (p <0.05). Caption: Treatment =different concen-

trations of E. uniflora essential oil

(54.29%) to S. zeamais, differing from the control. The
same is observed in the analysis of mortality within the
times, and only in the time of 0-24 h, in the concentration
at 10%, there was significant mortality (51.43%) in relation
to the control. Likewise, in the analysis between times, it
was found that only in the time of 0-24 h, concentrations
of 5% and 10% caused mortality of S. zeamais (21.90%
and 51.43%, respectively), differing significantly from the
other times. For the other treatments, mortality within and
between times did not differ significantly from the control
(Table 1).

In the spraying experiment on corn grains it was found
that at concentrations of 2.5%, 5% and 10% of E. uni-
flora, the accumulated mortality of S. zeamais was higher,
respectively, 85.71%, 100% and 100%, differing from the
control and the treatment in the concentration of 0.31%. In
the analysis within and between times, it is observed that
the highest percentages of mortality of S. zeamais occurred
in the time of 0-24 h, proportionally higher, according to
the concentration. In this time interval, the concentrations

of E. uniflora at 2.5%, 5% and 10% caused mortality of
S. zeamais, which varied from 66.67 to 100.00%, differ-
ing significantly from the control. In the analysis between
times, it was found that at concentrations of 0.62%, 1.25%,
5% and 10% the highest percentages of mortality of S. zea-
mais occurred in the time of 0-24 h, differing significantly
from the other times (Table 2).

In the indirect contact by volatilization experiment,
both in the evaluations within and in the evaluations
between the times, there was no significant difference in
the mortality of S. zeamais between treatments (Table 3).

Repelling effect: free-choice roll

It was found that a concentration of 2.5% of E. uniflora
essential oil caused repellency for adults of S. zeamais,
differing significantly from the control (Fig. 1), with a
Preference Index (P.I.) of -0.48, demonstrating the repel-
lent effect of E. uniflora.

Table 2 Mean percentage of

% talit ti
mortality (+PE) of adults of S. o mortality over time

Zeamais in corn grains sprayed Treatment

with different concentrations

of E. uniflora essential oil, over 0-24h 48h 72-96 h p Accumulated

%6h 0% 0.00+0.00dA 0.00+0.00aA 0.00+0.00bA >0.05 0.00+0.00b
0.31% 7.62+4.78cdA 0.00+0.00aA 0.00+0.00bA >0.05 7.62+4.78b
0.62% 20.00 +4.04bcdA 0.00+0.00aB 0.00+0.00bB <0.05 20.00+4.04ab
1.25% 25.71 +£3.32abcdA 0.00+0.00aB 4.76+2.01abB <0.05 30.48+4.19ab
2.5% 66.67 +7.20abcA 2.85+1.13aB 17.78 £3.44aAB <0.05 85.71+5.76a
5% 94.29 + 1.90abA 3.81+1.13aB 1.90+1.03bB <0.05 100.00 +0.00a
10% 100.00 +0.00aA 0.00+0.00aB 0.00+0.00bB <0.05 100.00 +0.00a
P <0.05 >0.05 <0.05 <0.05

Means (+EP) followed by the same lowercase letter in the column and uppercase in the row, do not differ
significantly from each other by the Kruskal-Wallis test (p <0.05). Caption: Treatment =different concen-

trations of E. uniflora essential oil
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Table 3 Mean percentage % mortality over time

of mortality (+PE) of adults

of S. zeamais subjected to Treatment

volatilization of different

concentrations of essential oil of 12-24h 48h 72-96 h P Accumulated

E. unifiora, over 96 h 0% 0.00+0.00aA 0.95+0.80 aA 0.95+0.80 aA >0.05 1.90+1.03a
0.31% 1.90+1.03 aA 0.00+0.00 aA 0.00+0.00 aA >0.05 1.90+1.03a
0.62% 1.90+1.59 aA 0.95+0.80 aA 1.90+1.03 aA >0.05 4.76 +£3.15a
1.25% 1.90+1.03 aA 0.00+0.00 aA 0.95+0.80 aA >0.05 2.86+1.66a
2.5% 0.95+0.80 aA 0.95+0.80 aA 2.86+1.66 aA >0.05 4.76 +£2.01a
5% 0.00+0.00 aA 0.95+0.80 aA 0.00+0.00 aA >0.05 0.95+0.80a
10% 1.90+1.03 aA 0.95+0.80 aA 1.90+1.03 aA >0.05 4.76+2.01a
P >0.05 >0.05 >0.05 >0.05

Means (+PE) followed by the same lowercase letter in the column and uppercase in the row, do not differ
significantly from each other by the Kruskal-Wallis test (p <0.05). Caption: Treatment =different concen-

trations of E. uniflora essential oil

Analysis of essential oil by gas chromatography in a mass
spectrometer (GC)

Several compounds were identified in E. uniflora essential
oil, Calamen-10-one (20.20%), Silfiperferol-6-in-5-one
(10.06%) and Germacrone (6.61%) being the most abun-
dant (Table 4).

Discussion

It is important to point out that essential oils from plants of
Myrtaceae family have insecticidal effect for several insect
pests, including stored grain pests (Ebadollahi 2013). How-
ever, studies with the essential oil of E. uniflora are scarcer.
The insecticidal potential of E. uniflora essential oil on S.
zeamais had already been observed in similar studies in
which E. uniflora essential oil, applied to corn grains, stood
out, causing 100% mortality (Coitinho et al. 2010) and was
the second lowest LCs, (11.6 uL/40 g corn) among the eight

70,48+ 3,19 a

24,76+ 3,09 b

Control

EOEU (2.5%)

Fig. 1 Percentage of adults of S. zeamais (+ SE) in the control and E.
uniflora essential oil treatment, at 2.5%, after 24 h

oils when evaluated by contact and ingestion (Coitinho et al.
2011). The insecticidal effect of E. uniflora oil was also
observed for other insects pests such as on leafcutter ants
Atta laevigata F. Smith (Hymenoptera: Formicidae) (Jung
et al. 2013) and for eggs, third instar nymphs and adults of
Thaumastocoris peregrinus Carpintero and Dellapé 2006
(Hemiptera: Thaumastocoridae) (Stenger et al. 2021).
Regarding the repellent effect, there are no studies with
essential oil from E. uniflora on S. zeamais. However,
extracts from other plants of the Myrtaceae family also
showed a repellent effect against S. zeamais, such as E.
citriodora powder (Procdpio et al. 2003) and essential oils
of E. globulus and E. citriodora, with respectively 92.2%

Table 4 Eugenia uniflora essential oil composition according to gas
chromatography - mass spectrometer (GC-MS)

Compound Relative %
calamen-10-ene 20.21
silfiperferol-6-em-5-one 10.06
germacrone 6.61
germacrene B 6.24
curzerene 5.79
s-amorphene 5.46
E-caryophyllene 5.18
a-cubene 3.05
a-gurjunene 243
b-elemene 2.16
macrocarpene 1.92
valencene 1.73
amorpha-4,7 (11)-diene 1.67
g-gurjunene 1.66
trans-calamenene 1.47
E-b-cymene 1.22
unidentified 1.44
others <20
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and 71.1% of repellency (Coitinho et al. 2011), which shows
the potential of this botanical family as an insect repellent.

In addition to species from the Myrtaceae family, species
belonging to other families have shown potential insecticidal
effects on S. zeamais and other stored grain insect species.
In a study with a methodology similar to the one used in this
work, the essential oil of marigold Tagetes patula L. (Aster-
aceae) repelled S. zeamais (98%), with P.1.-96, proving the
repellent effect of this essential oil (Restello et al. 2009). In
a study on the repellent effect of different concentrations of
essential oils to Zabrotes subfasciatus (Coleoptera: Bruchi-
dae), the following essential oils showed a repellency index
proportional to the volume of oil of ranging from 62.0 to
74.6% for laurel oil Laurus nobilis (Lauraceae), from 63.5
t0 96.2% for cinnamon oil Cinnamomum verum (Lauraceae)
and from 29 0.6-89.4% for neem oil- Azadirachta indica
(Oliveira and Vendramim 1999). Likewise, the carqueja
essential oil, Baccharis articulata (Asteraceae), at different
volumes and times, caused repellency to Acanthoscelides
obtectus (Coleoptera: Curculionidae) (Campos et al. 2014).

Regarding the composition of E. uniflora essen-
tial oil, Brun and Mossi (2010) found 15 compounds,
namely: Ocimene, b-Elemene, b-caryophyllene, Selina- 1,
3,7(11)-Trien-8-one, Atractylone, Elemene, Transcaryo-
phyllene, Oxidoseline-1,3,7(11)-trien-8-one, Curzerene,
Germacrene B, Spathulenol, Germacrone, Bicyclogermac-
rene, Furanedione and Cadinene. This variation in chemical
composition can occur according to the form of extraction
(Brun and Mossi 2010; Cassel and Vargas 2006), with the
genetic variability of the plants, the age of the leaves, the
environment and the season of the year in which they are
collected (Brun and Mossi 2010; Cipriano et al. 2021).

The potential of E. uniflora essential oil may be related to
the amount of compounds it contains. The action of essential
oils against some pests is neurotoxic, with evidence of inter-
ference with neuromodular octopamine and/or GABAergic
chloride and calcium channels. Octopamine has the func-
tion of regulating the heartbeat, metabolism, movements and
behaviour of insects, as it acts as a neurotransmitter, neuro-
modulator and neurohormone (Hikal et al. 2017 Regnault-
Roger et al. 2012).

The major compounds in E. uniflora essential oil are ter-
penes, mainly sesquiterpenes, which have a phagoinhibitory
effect, affect development, reduce pupal weight, and can lead
to insect death (Picman 1986). Still in the terpene group, there
are compounds such as 1,2-epoxy-pulegone, which inhibits
acetylcholinesterase in insects, rhodojaponine III diterpenes,
which have a phagoinhibitory effect, and diterpenes from the
labdane group, which are larval growth inhibitors (Cipriano
et al. 2021; Hikal et al. 2017; Regnault-Roger et al. 2012).

The insecticidal effect results verified in this work varied
according to the methodology (insect immersion, spraying on
the corn grain and volatilization), and the insect immersion

@ Springer

experiment and spraying on the grain showed significant
results, as well as the repellency experiment. When it comes
to insecticidal and repellent effects, in a situation of pest con-
trol management, when applying the oil to corn grains, it can
be verified that these effects are complementary, as it will
have both an acute insecticidal effect and a repellency effect
on these pests of grains. It is still important to highlight that,
in general, the highest percentages of mortality occurred in
the first hours of evaluation, which shows that in addition
to the insecticidal potential presented by E. uniflora oil, its
action time can be an important factor in pest control.

In general, considering the results obtained in this study,
they indicate that the essential oil of E. uniflora can be a
potentially viable alternative for the control of S. zeamais.
However, complementary studies such as the insecticidal
effect of the oil on S. zeamais larvae, the association of E.
uniflora oil with other oils that have an insecticidal effect in
order to potentiate their insecticidal and/or repellent effect,
and studies concerning the residual effect of the essential oil
on the grains in view of its volatilization, are fundamental
for advancing in the use of this possible technology.

Conclusion

The essential oil of E. uniflora had an insecticidal effect on
S. zeamais with more satisfactory results when applied by
spraying on the corn grains. At 2.5%, E. uniflora essential
oil is repellent to adults of S. zeamais. In its composition,
sesquiterpenes were the majority, with greater abundance of
Calamen-10-one and Silfiperferol-6-in-5-one.
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