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Chemical composition of the essential oil of Psidium guajava leaves

and its toxicity against Sclerotinia sclerotiorum
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Abstract

Globally, the fungus Sclerotinia sclerotiorum is considered as one of the most important phytopathogens,
since it affects the production of several economically important crops. Further, it is difficult to control,
thus increasing the use of pesticides. Therefore, the search for new substances, especially those
extracted from plants, has received special attention to control this plant pathogen. The objective of
the present study was to evaluate the yield and chemical composition of the essential oil extracted from
the fresh leaves of guava collected during the rainy and dry seasons, and also to evaluate its toxicity
against S. sclerotiorum. The experiment was a completely randomized design with five treatments
and six replicates. The essential oil was extracted by hydrodistillation of the leaves and analyzed by
gas chromatography-flame ionization detector and gas chromatography-mass spectrometry. The main
compounds identified in the essential oil were trans-caryophyllene and a-humulene. The essential oil
at a concentration of 300 pL exhibited 90% inhibition of the mycelial growth of S. sclerotiorum. This
confirmed the antifungal potential of the essential oil of the guava leaves during both the sampling
seasons.

Key words: Antifungal activity. Pathogenic fungi. Psidium guajava. Secondary metabolite.
Sesquiterpene.

Resumo

O fungo Sclerotinia sclerotiorum ¢ considerado um dos fitopatdgenos mais importantes no mundo,
pois afeta a producdo de diversas culturas de importdncia econdmica, e possui dificil controle,
aumentando, assim, a necessidade de crescentes aplicagdoes de defensivos agricolas. Dessa forma, a
busca de novas substancias, principalmente aquelas extraidas de plantas, tem recebido especial atengao
como forma de controle desse fitopatogeno. Com este trabalho, objetivou-se avaliar o rendimento, a
composi¢ao quimica e a toxicidade frente a S. sclerotiorum do 6leo essencial extraido de folhas in
natura de goiabeira coletadas na época das chuvas e da seca. O delineamento utilizado foi inteiramente
casualizado, com cinco tratamentos e seis repeti¢oes. O 6leo essencial foi extraido por hidrodestilagao
das folhas e analisado por CG-DIC e CG-EM. Os compostos majoritarios identificados no 6leo essencial
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foram o trans-cariofileno e a-humuleno. O 6leo essencial possibilitou taxa de inibicdo micelial de S.
sclerotiorum acima de 90% com o tratamento de 300 pL, confirmando o potencial antifingico do dleo
essencial de folhas de goiabeira em ambas as épocas de coleta avaliadas.

Palavras-chave: Atividade antifungica. Fungos fitopatogénicos. Metabolitos secundarios. Psidium

guajava. Sesquiterpenos.

The white mold (or stem rot) disease is caused
by the fungus Sclerotinia sclerotiorum. The disease
receives its name due to the presence of water-
soaked, brown, soft lesions in the affected organs,
with a white cotton-like mycelium covering parts of
the tissue (JULIATTI et al., 2013). Controlling this
pathogen is difficult due to the presence of resistant
structures known as sclerotia, which can remain
viable for up to 11 years. Further, the fungicides
normally used have not been proven to be efficient
(GRABICOSKI etal., 2010; JULIATTI et al., 2013).

Though they are only partially effective, the
control of this fungus still depends on the use
of chemical fungicides (ULOTH et al., 2013).
However, the use of fungicides has become
increasingly restricted (NIU et al., 2011; XIE et
al., 2011), as its indiscriminate application causes
serious risks for human and animal health, and
contaminates the soil and water. In addition, there
is the problem of pathogens developing resistance
against the fungicides (BOMFIM et al., 2015).

There is an urgent need to identify alternative,
effective, and safe sources to control S. sclerotiorum
(ULOTH et al., 2013). Therefore, the interest in
secondary metabolites and essential oils of plants
has increased in the last decade. This is due to
the ease of acquisition, low cost, and absence of
problems inherent to synthetic chemical products
(KUMAR et al., 2014; BOMFIM et al., 2015).

Recently, several studies on the antifungal action
of the essential oils have been reported. Notably, the
essential oil extracted from the leaves of Psidium
guajava, popularly known as guava tree, belonging
to the family Mpyrtaceae. This species grows
in tropical and subtropical climates, being well
adapted to a variety of soil types. It has medicinal
properties, its bark has been employed in the

treatment of diarrhea in children and leaves are used
for relieving cough, pulmonary disorders, wounds,
and ulcers. Further, its fruit is used as a tonic and an
anthelmintic agent (BISWAS et al., 2013).

Results from the literatures attest that the oil
extracted from the guava leaves has antibacterial
activity against  Staphylococcus — aureus and
Salmonella anatum and repellent activity against
cockroaches. Further, it has moderate repellent
activity against the mosquito Anopheles stephensi
Liston, and anti-inflammatory and antifungal
activities against Colletotrichum gloeosporioides
(THAVARA et al, 2007; RAJKUMAR;
JEBANESAN, 2007; GONCALVES et al., 2008;

SILVA et al., 2009).

There are reports on the control of diseases
by the use of essential oils derived from various
plants. However, there are only a few studies on the
antifungal potential of the essential oil of the guava
leaves and alternative methods for the control of S.
sclerotiorum, both in vitro and in vivo. Therefore,
it is necessary to conduct studies in this direction.
These studies should aim at identifying alternative
methods for the control of S. sclerotiorum. In this
milieu, the present work was conducted to evaluate
the yield and chemical composition of the essential
oil extracted from the leaves of P. guajava. Further,
the antifungal activity of the essential oil was
evaluated against the phytopathogen S. sclerotiorum.

The guava leaves were collected from the Federal
Institute of Goias (GO), Rio Verde Campus (latitude
17°47'26.43"S, longitude 50°54'49.597"W, and
altitude 720 m). The region has well defined rainy
and dry seasons (MALHEIROS, 2004). The guava
leaves were sampled in a single collection in the
months of January (rainy season) and July (dry
season) 2014 between 6 and 8 am. The leaves were
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collected from the upper and lower thirds of the
plant. The plant was identified, and a sample has
been deposited (registration number 4481) in the
herbarium of the State University of Montes Claros,
Minas Gerais, Brazil. The collected leaves were
placed in plastic bags and brought to the Chemistry
Laboratory of Natural Products of the Federal
Institute of Goias, Rio Verde Campus. The leaves
were then selected and homogenized; the leaves that
were in a poor condition were discarded.

The essential oil was extracted in 3 L volumetric
flask by hydrodistillation using a Clevenger device
for a period of 2 h starting from the point of ebullition
(SIQUEIRA et al., 2011). During each collection
season, the extraction of oil was performed using
6 kg of leaves. The essential oil was extracted from
the aqueous phase through liquid-liquid extraction
using dichloromethane (CH,Cl,). The hydrosol was
washed thrice with 50 mL of CH,Cl,. The essential
oil extracted was dehydrated using sodium sulfate
anhydrous, collected in amber-colored glass flasks,
and maintained in a refrigerator for subsequent
identification of its chemical composition and
testing on the phytopathogen.

To quantify the components of the essential
oil, a Shimadzu GC-17A gas chromatograph
equipped with a flame ionization detector (GC-
FID) and SPB-5 fused silica capillary column (30
m x 0.25 mm, 0.25 um film thickness) was used.
The chromatographic conditions included: nitrogen
carrier gas with a flow rate of 1.8 mL min™'; injector
and detector temperatures of 220 °C and 240 °C,
respectively; initial column temperature of 40 °C,
initial isothermal period of 4 min, followed by 3
°C per min heating up to 240 °C, final isothermal
period of 15 min; sample injection volume 1.0 pL
(10 mg mL" in CH,CL,); split ratio of 1:10; column
pressure of 115 KPa.

To identify the components of the essential oil,
a Shimadzu GC-17A gas chromatograph equipped
with a RTX-5 fused silica capillary column (30 m
% 0.25 mm, 0.25 pm film thickness) coupled to a

Shimadzu CGMS-QP5050A mass spectrometer
(GC-MS) was The
conditions were similar to those of the GC-FID

used. chromatographic
analysis, except the carrier gas, which in this case
was helium with a flow rate of 1.0 mL min™', and the
column pressure was 100 KPa. The electron impact
technique was used for the detection of compounds,
at 70 eV with sweep amplitude of 30 to 700 Da.

The quantitative analysis of the essential oil
components was performed in triplicates. The
concentration of each component was calculated
from the percent of the corresponding peak area in
relation to the total area of all the peaks observed
in the chromatogram. The identification of the
components was performed through a comparison
of their mass spectra and retention index (RI) with
those of the standard substances from the system
libraries (Wiley 7% edition) and data from the
literatures (ADAMS, 2007). The RIs were obtained
using the n-alkane homologous series (C, -C,) that
were coinjected with the sample. The identification
of the essential oil components was performed
in the Laboratory of Analysis and Synthesis of
Agrochemicals, Federal University of Vigosa.

The S. sclerotiorum isolate Ss12 (BRM 29673)
was provided by the EMBRAPA - National Rice
and Beans Research center, Santo Antonio de Goias,
GO. The culture was maintained on the potato
dextrose agar (PDA) medium in an incubator at
the Laboratory of Agricultural Microbiology of the
Federal Institute of Goias, Rio Verde campus, for
subsequent experiments. The isolate was replated
only once, that was 10 d before the start of the
experiment.

The determination of antifungal activity of the
essential oil was carried out in the Laboratory of
Agricultural Microbiology of the Federal Institute
of Goias, Rio Verde campus. It was conducted
according to methodology of Silva et al. (2009), with
a modification in the incorporation of the essential
oil in the medium. The activity of the essential oil
extracted from the guava leaves, collected during
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the rainy and dry seasons, was evaluated in relation
to the mycelial growth of S. sclerotiorum. The
concentrations of oil used included, 100, 200, and
300 pL. The concentrations used were defined from
preliminary tests and data from a literature, where
the same oil was tested against a different species
of fungus.

The medium without the essential oil of the
guava leaves was used as a negative control, while
the fungicide fluazinam 500 SC (10 pg mL"! of its
active ingredient) was used as a positive control.
As an adaptation to the methodology used, the
essential oil or fungicide was poured over the
surface of a presolidified PDA medium in a Petri
dish (9 cm) and spread with the help of a sterilized
Drigalski spatula. After the incorporation of the
essential oil or fungicide, 8§ mm discs containing
10-day-old mycelium were placed to the center
of the dishes. The plates were then incubated at
22 £ 3 °C with a photoperiod of 12 h. The first
evaluation was performed after 48 h of incubation
and continued until the negative controls exhibited
complete growth. Six repetitions were performed
per treatment.

The fungal growth inhibition was determined
by the percent inhibition of mycelial growth (PIG)
according to the formula: [(diameter of the negative
control — diameter of the treatment)/diameter of the
negative control)] x 100, according to the method
described by Edgington et al. (1971).

The experiment was set up in a completely
randomized design with five treatments: positive
control, negative control, and three treatments with
essential oil in concentrations of 100, 200, and 300
nL. Six repetitions for each season of leaf collection
(rainy and dry) was carried out. The data were
analyzed by analysis of variance, and the means
were compared using the Tukey test (5%), with the
software Assistat version 7.7 beta.

In the present study, the amounts of essential oil
extracted from the guava leaves were 0.11% and
0.08% during the rainy (January 2014) and dry (July

2014) seasons, respectively. The higher essential
oil content observed during the rainy season than
that during the dry season can be attributed to the
climactic conditions. The average temperature (29
°C) and relative humidity (70%) were relatively
high in January offering favorable conditions for the
production of essential oil (BRANT et al., 2008).
Further, the long summer days might have been
an influencing factor, as well, offering conditions
conducive for the vegetative growth of the plants.

In the present study, the reduction in the essential
oil content observed during the winter, a season
(June—August) that is predominantly dry, might
be due to the activation of the natural source-sink
regulation mechanism. During which, the secondary
are degraded,
compounds so obtained are directed towards the
maintenance of the primary metabolism (TAIZ;
ZEIGER, 2004). Thus, decreasing the essential oil
content in the guava leaves during the dry season.

metabolites and the chemical

Similar results were obtained by Botrel et al. (2010),
while evaluating the influence of seasons on the
essential oil content of Hyptis marrubioides. They
observed relatively high (0.42%) and low (0.27%)
oil yields during the summer and winter seasons,
respectively. Conversely, Reis et al. (2010) in their
study on the essential oil of arnica (Lychnophora
pinaster) recorded relatively low essential oil yield
(0.29%) during the summer season. These studies
reveal that the essential oil yield in relation to
seasons varies considerably between medicinal
plant species.

The results
analysis of the essential oil of the guava leaves,

of the chemical composition

collected during the rainy and dry seasons, have
been presented in Table 1. A total of 17 and 16
compounds were identified in the essential oil of
the guava leaves collected during the rainy and
dry seasons, respectively. Similar results were
reported by Craveiro et al. (1981) in their study on
the chemical composition of the essential oil of the
guava leaves.
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Table 1. Chemical composition of the essential oil of Psidium guajava leaves collected during the rainy (January

2014) and dry (July 2014) seasons.

Percent (%)
Compounds RI* -
Rainy season Dry season

Monoterpene hydrocarbons (%)
Limonene 1024 2.22 -

Oxygenated monoterpenes (%)
1,8-cineole 1026 1.50 -

Sesquiterpene hydrocarbons (%)
a-Copaene 1374 0.32 1.16
trans-Caryophyllene 1419 18.90 13,44
a-Humulene 1454 26.37 18.74
Aromadendrene 1488 7.63 3.14
a-Clovene 1468 - 3.29
4,11-selinadiene 1475 0.29 -
y-Muurolene 1478 1.30 0.92
B-Selinene 1489 - 11.65
a-Selinene 1497 11.39 3.93
B-Bisabolene 1505 - 0.19
a-Panasinsene 1517 0.34 -
0-Cadinene 1524 - 0.20

Oxygenated sesquiterpenes (%)
trans-Nerolidol 1566 291 3.87
Caryophyllene oxide 1585 3.42 2.16
a-Humulene epoxide 11 1612 2.37 1.75
Longipinene epoxide 1620 0.97 -
epi-a-Muurolol 1639 3.08 -
a-Cadinol 1651 1.07 -
Isoaromadendrene epoxide 1612 - 8.77
Selin-11-en-40-ol 1662 8.75 10.52
cis-Z-a-Bisabolene epoxide 1698 - 0.20
Monoterpenes 3.72 -
Sesquiterpenes 89.11 85.93
Total number of compounds 17 16

RI* Retention index obtained with reference to the n-alkane homologous series using an SPB-5 column.

- Compound not identified.

In the present study, the sesquiterpenes were the
predominant compounds identified in the essential oil
ofthe guavaleaves collected during both the seasons.
The main compounds identified in the essential
oil of the leaves collected during the rainy season
were trans-caryophyllene (18.90%), o-humulene

(26.37%), o-selinene (11.39%), and selin-11-en-
4a-0l (8.75%). While the sesquiterpenes, trans-
caryophyllene (13.44%), o-humulene (18.74%),
B-selinene (11.65%), isoaromadendrene epoxide
(8.77%), and selin-11-en-4a-ol (10.52%) were the
main compounds identified in the oil of the guava
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leaves collected during the dry season.

The monoterpenes, 1,8-cineole and limonene, and
sesquiterpenes, trans-caryophyllene, o-humulene,
and caryophyllene oxide, were detected in the
essential oil of the guava leaves. Similar results
were recorded by Craveiro et al. (1981), while
characterizing the essential oil of the guava leaves.
Further, a study has indicated that 1,8-cineole,
limonene, trans-caryophyllene, o-humulene, and
other terpenes have fungicidal potential (PINO et
al., 2001).

In the present study, a reduction in the relative
of
o-humulene was observed in the essential oil

concentrations trans-caryophyllene  and
obtained during the rainy season when compared
with those of the essential oil obtained during the dry
season. The reductions were from 18.90% to 13.44%
and 26.37% to 18.74% for trans-caryophyllene and
a-humulene, respectively. Further, a-selinene was
not detected in the essential oil obtained during the
dry season. On the other hand, the concentration of
selin-11-en-4a-ol increased from 8.75% to 10.52%
in the essential oil obtained during the dry season
in comparison with that of the essential oil obtained
during the rainy season. The main components of
the essential oil of the leaves collected during the
dry and rainy seasons were similar, except for the
absence of a-selinene and presence of B-selinene
and isoaromadendrene epoxide in the oil obtained
during the dry season.

The differences observed in the composition of
the essential oil of the guava leaves collected during
the two seasons might be due to the environmental
factors, season, and time of sampling (OLIVEIRA
et al., 2011). Secondary metabolites represent a
mode of chemical communication between the

plants and its environment. The stimuli that a plant
receives from its environment might influence the
direction of the metabolic pathways resulting in the
biosynthesis of different compounds. Therefore, the
chemical composition and essential oil content of
the plants might exhibit variations between seasons
(MORALIS, 2009).

The results of the activity of the essential oil of
the guava leaves, collected during the rainy and dry
seasons, on the mycelial growth of S. sclerotiorum
have been represented in Figure 1. The essential oils
of the guava leaves inhibited the mycelial growth by
more than 90%.

A comparison of PIG was made between
the treatments. The concentrations of oil used
in different treatments-100, 200, and 300 pL-
were similar to those used by Silva et al. (2009).
The PIG of the essential oil extracted from guava
leaves collected during the rainy season revealed
statistical difference between each treatment. A
more pronounced effect with 94.9% inhibition of
mycelial growth was observed at a concentration
of 300 uL. when compared with that of the 100 pL
concentration that resulted in 77.5% inhibition.
The concentrations of 200 and 300 pL of the guava
leaf essential oil resulted, respectively, in 90.8%
and 94.9% inhibition of the mycelial growth of S.
sclerotiorum. Thus, proving 300 uL to be the most
efficient of the concentrations used in the present
study. These results confirmed the toxicity of the
important metabolites present in the essential oil
of the guava leaves. Further, the PIG of different
concentrations of oil was compared with the positive
control, the fungicide fluazinam 500 SC (10 pL),
which exhibited 100% mycelial growth inhibition.
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Figure 1. Percent of mycelia growth inhibition of the fungus Sclerotinia sclerotiorum by the fungicide fluazinam 500
SC and different concentrations of the essential oil of the guava leaves extracted during the rainy (January 2014) and
dry (July 2014) seasons. *Means followed by the same letter did not differ significantly according to the Tukey test
(5%), with each extraction season being evaluated separately. The bars in the columns represent the standard deviation.
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The PIG of the essential oil extracted from
the guava leaves collected during the dry season
(Figure 1) revealed that the concentrations 100 and
200 pL were not statistically different. Similarly,
no statistical difference in the PIG was observed
between the concentrations 200 and 300 pL of
essential oil. However, there was a statistical
difference in the PIG between the concentrations
100 and 300 pL of essential oil. The essential oil
of concentrations 100, 200, and 300 uL resulted
in 80%, 90%, and 93.4% inhibition of mycelial
growth, respectively. This demonstrated the toxicity
of this essential oil at a concentration of above 100
uL against S. sclerotiorum.

A comparison of the efficiency of the essential
oils extracted during the rainy and dry seasons
revealed that both the oils were effective against
S. sclerotiorum. Mycelial growth inhibition of
94.9% and 93.4% were exhibited by the essential
oil extracted from the leaves collected during the

Rain ® Dry

rainy and dry seasons, respectively, even though the
chemical composition of the oil differed between
the two seasons.

According to Souza et al. (2005), the mode of
action that results in the inhibition of the growth of
microorganisms by essential oils involves numerous
mechanisms depending on the main components of
the essential oil. It is noteworthy that lipophilicity is
an important characteristic of essential oils, allowing
them to pass through the cell wall and cytoplasmic
membrane by breaking through different layers of
polysaccharides, fatty acids, and phospholipids.
Thus, they alter the permeability of the organelles,
and directly affect the intracellular pH and balance
of inorganic ions (BAKKALI et al., 2008).

The novelty of the present study was in the use
of the essential oil obtained from the guava leaves
against S. sclerotiorum, and the results obtained
were promising. Analogous results were observed
in a study conducted to evaluate the effect of
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the compounds derived from various plants on
Colletotrichum gloeosporioides Penz. (SILVA et al.,
2009). Among the oils and extracts evaluated, the
essential oil of the guava leaves at the concentration
of 100 pL exhibited 100% inhibition of the fungal
mycelial growth. Another important aspect of
using essential oils to control pathogens is that
the possibility of the pathogenic microorganisms
developing resistance to the essential oils is very
low. Because, these essential oils are a complex
mixture of antifungal substances, each acting via
numerous mechanisms of attack. This characteristic
is of strategic importance as it can be beneficial
to various areas in which these oils are used
(SILVEIRA et al., 2012).

identified in the
essential oil of the guava leaves collected during

Among the compounds

the rainy and dry seasons, the sesquiterpenes, trans-
caryophyllene and a-humulene were highlighted
for their antibacterial, insecticidal, and fungicidal
properties. In addition to their therapeutic properties,
such as their use in the treatment of respiratory
and inflammatory diseases (MEVY et al., 2007;
FERNANDES et al., 2007; DEUS et al., 2011).

There are a few reports on the fungicidal activity
of the essential oil of the guava leaves. Further,
there are some reports on the fungicidal activity
of its leaf extract, as well. Pessini et al. (2003)
verified the antifungal and antimicrobial activities
of the guava leaf extract against S. aureus, Bacillus
subtilis, Escherichia coli, Pseudomonas aeruginosa,
Candida albicans, C. krusei, C. parapsilosis, and
C. tropicalis. Menezes et al. (2009) determined
the fungicidal potential of the guava leaf extract
against C. albicans. The results of the present study
demonstrated the antifungal activity of the essential
leaf of the guava leaves against the phytopathogen S.
sclerotiorum. Even at a relatively low concentration
(100 pL) of essential oil used in the present study,
mycelial growth inhibition of 77.5% was observed.
This was the first time that this essential oil was
tested against S. sclerotiorum.

The results of the present study concluded that
the essential oil of the guava leaves was toxic against
S. sclerotiorum. Therefore, the essential oil might
be used as a tool to control agricultural plagues.
The evaluation of essential oil content extracted
from the guava leaves during the rainy and dry
seasons revealed that the seasons had an influence
on the essential oil yield. A higher oil yield (0.11%)
was observed during the rainy season that that
during the dry season (0.08%). The GC-FID and
GC-MS analyses identified 17 and 16 compounds
in the essential oil of the guava leaves collected
during the rainy and dry seasons, respectively. The
sesquiterpenes, trans-caryophyllene, a-humulene,
o-selinene, and selin-11-en-4a-0l were the main
compounds of the essential oil obtained during the
rainy season. On the other hand, the sesquiterpenes,
trans-caryophyllene,
isoaromadendrene epoxide, and selin-11-en-4a-
ol were predominant in the essential oil obtained
during the dry season. The season of leaf sampling
influenced both the chemical composition of the

a-humulene,  [B-selinene,

essential oil and relative concentrations of some
components. This was demonstrated by the decrease
in the concentrations of trans-caryophyllene and
a-selinene and increase in the concentration of
selin-11-en-4a-ol in the present study.

The sesquiterpenes, such as trans-caryophyllene
and o-humulene, found in the essential oil of the
guava leaves, have proven antibacterial, insecticidal,
and fungicidal properties (PINO et al., 2001;
MEVY et al., 2007; FERNANDES et al., 2007).
In the present study, it was found that the essential
oil (300 pL) of the guava leaves collected during
the rainy and dry seasons inhibited the mycelial
growth of S. sclerotiorum by 94.9% and 93.4%,
respectively. This demonstrated its toxicity against
the phytopathogen. Further, it was established
that the season of leaf sampling did not influence
the toxicity of the essential oil. Future studies are
required to identify the compounds responsible
for the biological activity of the essential oil of the
leaves of P. guajava against S. sclerotiorum.
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