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SUMMARY

We determined the chemical composition and explored the hypothesis that the
essential oil of the fruits of Pimenta dioica inhibits the mycelial development of
tungi Fusarium oxysporum f. sp. lycopersici, F. oxysporum f. sp. passiflorae, F. subglu-
tinans . sp. ananas, F. oxysporum £. sp. vasinfectum e F. oxysporum f. sp. Cubense.
To do this, we extracted the oil by hydrodistillation, identified its components by
gas chromatography coupled to mass spectrometry (GC-MS) and determined the
fungal activity against five special forms of Fusarium species. The results showed that
the oil had 76.88% of eugenol and inhibited the mycelial development of fungi up

t0 97.78% in an average of 7.2 days. Therefore, oil is a potential natural fungicide.

Key words: Eugenol, hydrodistillation, volatile compounds, Pimenta dioica, fungi-

static activity.
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RESUMEN

Composicién quimica y actividad bioldgica del aceite esencial
de los frutos Pimenta dioica contra formae speciales del hongo
Fusarium oxysporum

Determinamos la composicién quimica y exploramos la hip6tesis de que el aceite
esencial de los frutos de Pimenta dioica inhibe el desarrollo micelial de los hongos
Fusarium oxysporum £. sp. lycopersici, F. oxysporum {. sp. passiflorae, F. subglutinans f.
sp. ananas, E. oxysporum f. sp. vasinfectum e F. oxysporum f. sp. Cubense. Para hacer
esto, extrajimos el aceite por hidrodestilacién, identificamos sus componentes por
cromatografia de gases acoplada a espectrometria de masas (GC-EM) y determi-
namos la actividad fungica contra cinco formas especiales de especies de Fusarium.
Los resultados mostraron que el aceite tenfa 76,88% de eugenol e inhibié el desar-
rollo micelial de hongos hasta 97,78% en un promedio de 7,2 dias. Por lo tanto, ¢l

aceite es un potencial fungicida natural.

Palabras clave: Eugenol, hidrodistilacion, compuestos volatiles, Pimenta dioica, activi-

dad fungistética.

INTRODUCTION

The intensification of agricultural production hasled to an increase in the reduction of
fungal diseases that attack fruits and vegetables. Among the genera of fungi that attack
these crops, we have the Fusarium. This genus comprises filamentous fungi widely dis-
tributed in soils, plants, organic substrates and are responsible for the deterioration
of food, productivity losses and diseases in humans and contaminated animals [1]. In
addition, this genus has formations and special classifications according to the patho-
genic criterion. Among this classification, we highlight the formae speciales: Fusarium
oxysporum £. sp. lycopersici, F. oxysporum . sp. passiflorae, F. subglutinans £. sp. ananas,
E oxysporum f. sp. vasinfectum e F. oxysporum f. sp. Cubense. These special forms are
responsible, respectively, for wilt on tomato, passion fruit, pineapple, okra and helico-
nias. In this case it is necessary to adopt measures that inhibit the development of these
fungi and do not pose risks to consumers and the environment.

The measures adopted to contain the action of these fungi are fungicides. However, we
know that the prolonged use of synthetic fungicides has caused resistance in fungi and
high toxicity to the environment and food. On the other hand, the incentives given in
the development of natural fungicides are promising due to high biodegradability and
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absence of waste in the environment. Thus, the use of natural fungicides ends up being
an alternative in the fight against these phytopathogens [2-4].

A species of plant, whose essential oil has potential fungicidal action is Pimenta divica.
Studies have shown that essential oils extracted from fruits and leaves have an amount
of eugenol of up to 79% [5, 6]. In the literature, the fungicidal activity of this compo-
nent has been proven. However, because it is an oil there is the possibility of interac-
tion with other components, thus interfering with bioactivity. However, the reported
studies of the use of this essential oil are restricted only to the species Fusarium
oxysporum, but none regarding the special forms.

Therefore, in this study we will determine the chemical composition and we will
explore the hypothesis that the essential oil of the fruits of Pimenta dioica inhibits the
mycelial development of fungi Fusarium oxysporum {. sp. lycopersici, F. oxysporum f. sp.
passiflorae, F. subglutinans t. sp. ananas, F. oxysporum L. sp. vasinfectum e F. oxysporum
f. sp. cubense.

MATERIAL AND METHODS

Obtaining and extraction of essential oil

In this manner, we collected the fruits in the Cooperativa Agricola Mista of the Onga
LTDA Project, in the municipality of Taperod-BA, Brazil, in August 2005, receiving
the organic certificate from the Biodynamic Institute (IBD). After collection, they
were dried under natural ventilation, crushed with the electric mill (Tecnal, model
TE-340) and stored in polyethylene containers.

So, we extracted the oil by hydrodistillation and calculate the average yield from the
measurements of density and gross material weight. For this, we weigh 30 grams
of the samples and mix in 300 mL of distilled water. We then placed this mixture
in a 1000 mL round bottom flask and coupled it to the Clevenger extractor under
100 °C heating in an electric blanket for four hours. After that time, the extracted oil
was collected and dried by percolation in anhydrous solution of sodium sulfate. We
performed these operations in triplicates and stored the samples in ampoules of amber
glass under refrigeration to avoid possible losses of volatile constituents. We measured
the density from a pycnometer.

Chromatographic analysis GC/MS

The essential oil constituents were identified by gas chromatography coupled to mass
spectrometry (GC-MS). We analyzed the volatile constituents in a Varian 2100 gas
chromatograph coupled to an electron impact mass spectrometer and trap ion analyzer
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using helium as drag gas with flow in the column of ImL.min"; injector temperature:
270 °C, split 1:50; (15mx0.25mm) with stationary phase VF-1ms (100% methylsi-
loxane 0.25 pm) and furnace temperature programming from 60 to 200 °C with heat-
ing rate of 8 °C min™ and 200 and 290 °C, with a heating rate of 15 °C.min™. In the
Mass Spectrometer, the temperatures of the main fold ion trap and the transfer line
were 50, 190 and 200 °C. We inject aliquots of 1 uL (automatic injector CP-8410) of
samples diluted in the proportion of 20 pL in 1.5 mL of hexane. We have identified
and quantified the oil components by comparing them with the data obtained
from authentic substances in reference libraries from the retention time.

Obtaining fungi

In this way, we obtained Fusarium isolates from the Phytopathology Laboratory of the
Nucleus of Agronomic Biotechnology of the State University of Maranhio (UEMA)
(table 1), and we repeated them for Petri dish in PDA (Potato-Dextrose-Agar)
medium, plastic film sealed and kept in (25 + 2 °C) for 7 days to evaluate the effect of
the essential oil of P. divica on the mycelial growth of phytopathogens.

Table 1. Fusarium isolates obtained from the UEMA Phytopathology Laboratory.

Species Host Origen (Country/ State)

Fusarisom oxysp orim £ sp. Tomato (Lycopersicon esculentum) Pedrinhas (Brazil/Maranhio)
bycopersici

E oxysporum £. sp. passiflorae, Passion fruit (Passiflora edulis) | Cinturio verde (Brazil/Maranhio)

Pineapple (Ananas comosus (L.)

E subglut inans f. sp. ananas Turiagu (Brazil/Maranhio)

Merril)
. Okra (Abelmoschus esculentus (L.) ) )
E oxysporum £. sp. vasinfectum Moench) Quebra-Pote (Brazil/Maranhio)
E oxysporum £. sp. Cubense Heliconia (Heliconia sp) Vassoral (Brazil/Maranhio)

Fungistatic activity test

We added the essential oil of P dioica in PDA flux medium in the presence of antibiotic
at the concentration of 1pL.mL". Subsequently, the medium was poured into Petri
dishes, previously autoclaved. After solidification, 6.0 mm diameter disc containing
mycelium of Fusarium oxysporum isolates, 7 days old, were peeled to the center of each
Petri dish, sealed with plastic film and kept at room temperature (25 + 2 °C). Plates
containing PDA medium with phytopathogen without addition of essential oil served
as controls. The evaluation of the mycelial growth was performed on the 10* day by
measuring the radial growth of the colony on two orthogonal axes, and then averaged.
Measurements were calculated by percentage inhibition of mycelial growth (PIC).
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The expression that determines the calculation of PIC= 100. The design was com-
pletely randomized in a 2x5 factorial scheme (treatment x pathogens) with four repli-
cates. The averages were compared by the Tuckey Test at the 5% probability level.

REsuULTS

GC/MS chromatographic analysis

From the extraction, we obtain an average yield of 2.8% (m / m) and average density
of 0.949 g mL™". From the chromatographic analysis, we observed the presence of 17
peaks, indicating the presence of 17 compounds. We quantify these compounds from
the retention time and compare these data with those obtained in the Nist 02 and
Adams library [7]. In table 2, we show the 17 components of the essential oil with
their respective retention times and percentage of the normalized area. Of these,
the three largest are, respectively, eugenol, B-pinene, and 5-indanol.

Table 2. Identification of the compounds in the essential oil sample of the fruits of P divica.

Peak! 2RT (min) Components Percentage (%)
1 2.15 1-octen-3-ol 1.40
2 2.33 (-Pinene 6.52
3 2.49 a- Pinene 0.28
4 2.66 o-Cymene 1.94
5 2.77 Limonene 4.09
6 3.56 Linalool 0.64
7 4.64 Sabinene 0.22
8 4.80 a- Terpineol 0.13
9 5.76 5- Indanol 5.88
10 7.23 Eugenol 76.88
11 7.80 o- Cubebene 0.35
12 8.41 Caryophyllene 0.09
13 8.90 a- Caryophyllene 0.08
14 9.22 ¥- Muurolene 0.25
15 9.58 - Candinene 0.19
16 9.74 o- Muurolene 0.22
17 9.88 d- Candinene 0.76

Note: ' Peak number in column elution order; 2 RT: Retention time of the compounds. Source: adapted from
Monteiro ez al. [8].
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Fungistatic activity

The essential oil of P, divica fruits at IuLmL" concentration in PDA medium inhibited
the mycelial growth of Fusarium oxysporum f. sp. lycopersici, F. oxysporum f. sp. pas-
siflorae, F. subglutinans £. sp. ananas, F. oxysporum f. sp. vasinfectum and F. oxysporum
f. sp. Cubense both in a period of ten days of observation and in daily observations for
the same period. That is, at ten days of observation, inhibition was 86.67 to 97.78%
(table 3), while the daily analysis was 7.2 days (table 4).

Table 3. Effect of P, dioica essential oil on mycelial growth of different Fusarium species in PDA

medium for ten days of incubation at 25 + 2 °C.

Diameter of colonies
Species With essential oil | Without essential oil | L1C (%)
Fusarium oxysporum £. sp. lycopersici 1.20 aB 9.0aA 86.67
E oxysporum £. sp. passiflorae, 0.2¢B 9.0aA 97.78
E subglutinans £. sp. ananas 0.35 beB 9.0 aA 96.11
E oxysporum f. sp. vasinfectum 0.89 abB 9.0 aA 90.11
E oxysporum £. sp. Cubense 1.20 aB 9.0aA 86.67
DiscussioN

Fusarium tungi are responsible for large losses in agricultural production. Thus, one of
the alternatives adopted is the use of fungicides. However, the use of synthetic fungi-
cides proved to be a poor choice, since they caused fungal resistance, low selectivity and
generation of residues in the environment. Therefore, replacing this type of fungicide
with a natural one ends up being a good alternative.

In this study, we extracted the essential oil from the fruits of P dioica, identified the
components and evaluated the inhibitory activity. From the extraction, we obtain a
good yield. In the chromatographic analysis coupled to the mass spectrometer, we
identified 7 teen compounds, in which the largest are, respectively, eugenol, f-pinene
and 5-indanol. From the analysis of activity, we verified that the essential oil inhibited
the mycelial development of the special forms of the species Fusarium oxysporum by
up to 97.78% for an average period of 7.2 days. Therefore, the use of this essential oil
shows itself as a potential fungicide.

The oil yield and the quantification of the major component that we obtain in this
study are consistent with results obtained in the literature. The result of our income
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was 2.8% (m/m). This value is within the stipulated range when the essential oil is
extracted from the fruits of P, dioica, which is 1.5 to 4.5%. Generally, the major com-
ponents of this oil are eugenol, and the amounts thereof range from 60 to 79% [5, 6,
9]. Thus the results of our study, whose value was 76.88% for the eugenol component,
are in agreement with those found in the literature [10-13].

We know that the essential oil extracted from P, dioica has antioxidant and cytotoxic
activity against some cancer strains [13], molluscicide against Biomphalaria glabrata
[14], acaricide [12], antibacterial in foods [15, 16], larvicide and adulticide against
Aedes aegypti [17], antiradical [18] and antifungal against only Fusarium oxysporum
and F. verticillioides[19]. As we see, until now there is no study of the use of this essen-
tial oil against special forms . oxysporum £. sp. passiflorae, F. subglutinans f. sp. ananas,
E oxysporum t. sp. vasinfectum e F. oxysporum f. sp. Cubense.

Despite the lack of studies for these special forms using the essential oil of P divica, we
found that some components present in the oil have inhibitory activity. For example,
the studies performed by [20, 21] showed, respectively, that a-Pinene has low inhibi-
tion against F. subglutinans and high against F oxysporum f. sp. vasinfectum. In our
study, this component was present, but its action with other components increased the
inhibition rate against F. subglutinans to values of 96.11%, whereas activity was still
maximal for . oxysporum f. sp. vasinfectum. The study by Zabka ez al. [19] showed that
the eugenol obtained from the essential oil of P, divica inhibited in 100% the growth of
tungi F. oxysporum and F. verticillioides.

Although the study of Zabka e al. [19] was not applied to the special forms of F
oxysporum, we observed that there were differences between our results and theirs. To
explain this difference, we resort to the influence of seasonality. As this variable influ-
ences the oil yield, it will also influence the biological activity of an essential oil. In our
study, the collection and extraction of the oil occurred in the month of August, whose
season is winter. In a study of the larvicidal activity of essential oils of the leaves of
Laurus nobilis and Tetradenia riparia showed higher activity in the spring season and
low in the other seasons [22, 23]. Therefore, several factors may influence the bioacti-
vity of essential oil.

Although our study was limited only to verify mycelial inhibition, its merit lies in the
potentiality and use of this essential oil as a natural fungicide. However, studies deter-
mining minimum inhibitory concentration, in loco and toxicity are required to ensure
the safety and proper use of this material.
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CONCLUSION

We analyzed the essential oil obtained from the fruits of Pimenta dioica and
determined the fungistatic activity. From the chemical analysis, we identified 7
teen compounds, in which the three largest are, respectively, eugenol, f-pinene and
5-indanol. From the biological activity, we verified that the essential oil inhibited the
fungi of the special forms of the species Fusarium oxysporum in an average period of
7 days. Therefore, oil is a potential fungicidal agent.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.
REFERENCES

1. M. Watanabe, T. Yonezawa, K.I. Lee, S. Kumagai, Y. Sugita-Konishi, K. Goto, Y.
Hara-Kudo, Evaluation of genetic markers for identifying isolates of the species
of the genus Fusarium, Journal of the Science of Food and Agriculture, 91(13),
2500-2504 (2011).

2. O.Koul, S. Walia, G. Dhaliwal, Essential oils as green pesticides: potential and
constraints, Biopesticides International, 4(1), 63-84 (2008).

3. J. Nifio, D.M. Narviez, O.M. Mosquera, Y.M. Correa, Antibacterial, antifun-
gal and cytotoxic activities of eight Asteraceae and two Rubiaceae plants from
Colombian biodiversity, Brazilian Journal of Microbiology, 37(4), 566-570
(2006).

4. V. Pawar, V. Thaker, Evaluation of the anti-Fusarium oxysporum f. sp cicer and
anti-Alternaria porri effects of some essential oils, World Journal of Microbiology
and Biotechnology, 23(8), 1099-1106 (2007).

5. B.Marongiu, A. Piras, S. Porcedda, R. Casu, P. Pierucci, Comparative analysis of
supercritical CO, extract and oil of Pimenta dioica leaves, Journal of Essential Oil

Research, 17(5), 530-532 (2005).

6.  A.O. Tucker, M.J]. Maciarello, L.R. Landrum, Volatile leaf oils of Caribbean
Myrtaceae. II. Pimenta dioica (L.) Merr. of Jamaica, Journal of Essential Oil
Research, 3(3), 195-196 (1991).

97



Paulo Roberto Barros Gomes, Francisco Reivilindio da Silva Barros Junior, Jonas Batista Reis, Gustavo Oliveira Everton, e al.

10.

11.

12.

13.

14.

15.

98

R.P. Adams, O. Sparkman, Review of identification of essential oil components
by gas chromatography/mass spectrometry, Journal of the American Society for
Mass Spectrometry, 18, 803-06 (2007).

O. Monteiro, A. Souza, L. Soledade, N. Queiroz, A. Souza, V. Mouchrek Filho,
A. Vasconcelos, Chemical evaluation and thermal analysis of the essential oil
from the fruits of the vegetable species Pimenta dioica Lindl, Journal of Thermal
Analysis and Calorimetry, 106(2), 595-600 (2011).

L. Jirovetz, G. Buchbauer, I. Stoilova, A. Krastanov, A. Stoyanova, E. Schmids,
Spice plants: Chemical composition and antioxidant properties of Pimenta
Lindl. essential oils, part 2: Pimenta racemosa (Mill.) JW Moore leaf oil from
Jamaica, Nutrition-Vienna, 31(7/8), 293 (2007).

K. Padmakumari, I. Sasidharan, M. Sreckumar, Composition and antioxidant

activity of essential oil of pimento (Pimenta dioica (L) Merr.) from Jamaica, Naz-
ural Product Research, 25(2), 152-160 (2011).

D.A. Minott, H.A. Brown, Differentiation of fruiting and non-fruiting Pimenta
dioica (L.) Merr. trees based on composition of leaf volatiles, Journal of Essential

Oil Research, 19(4), 354-357 (2007).

M. Martinez-Velazquez, G.A. Castillo-Herrera, R. Rosario-Cruz, ].M. Flores-
Fernandez, J. Lopez-Ramirez, R. Hernandez-Gutierrez, E.d.C. Lugo-Cervantes,
Acaricidal effect and chemical composition of essential oils extracted from
Cuminum cyminum, Pimenta dioica and Ocimum basilicum against the cattle
tick Rhbipicephalus (Boophilus) microplus (Acari: Ixodidae), Parasitology Research,
108(2), 481-487(2011).

N.E. Morsy, K.S. Hammad, Volatile constituents, radical scavenging and cyto-
toxic activities of Mexican allspice (Pimenta dioica L. Merrill) berries essential

oil, Journal of Essential Oil Bearing Plants, 21(4), 859-868 (2018).
G.O. Everton, A.M. Teles, A.N. Mouchrek, E.M. Victor Filho, Aplicacao do 6leo

essencial de Pimenta dioica Lindl. como moluscicida frente ao caramujo trans-
missor da esquistossomose, Revista Processos Quimicos, 12(23), 85-93 (2018).

A.C. Lorenzo-Leal, E. Palou,A. Lépez-Malo, Evaluation of the efficiency of all-
spice, thyme and rosemary essential oils on two foodborne pathogens in iz-vitro
and on alfalfa seeds, and their effect on sensory characteristics of the sprouts,

International Journal of Food Microbiology, 295, 19-24 (2019).



Essential oil of Pimenta dioica against formae speciales of Fusarium oxysporum

16.

17.

18.

19.

20.

21.

22.

23.

C.S. Marques, S.G. Carvalho, L.D. Bertoli, ].C.O. Villanova, P.F. Pinheiro,
D.C.M. dos Santos, M.I. Yoshida, J.C.C. de Freitas, D.F. Cipriano, P.C. Ber-
nardes, (-Cyclodextrin inclusion complexes with essential oils: Obtention,
characterization, antimicrobial activity and potential application for food pre-
servative sachets, Food Research International, 119, 499-509, (2019).

D.G. da Rocha Voris, L. dos Santos Dias, J.A. Lima, K.d.S.C. Lima, ].B.P. Lima,
A.L. dos Santos Lima, Evaluation of larvicidal, adulticidal, and anticholines-
terase activities of essential oils of I//icium verum Hook. f., Pimenta dioica (L.)
Merr., and Myristica ﬁugmm Houtt. against Zika virus vectors, Environmental
Science and Pollution Research, 25(23), 22541-22551 (2018).

T. Misharina E. Alinkina, I. Medvedeva, Antiradical properties of essential oils
and extracts from clove bud and pimento, Applied Biochemistry and Microbiol-
0gy,51(1), 119-124 (2015)

M. Zabka, R. Pavela, L. Slezakova, Antifungal effect of Pimenta dioica essential
oil against dangerous pathogenic and toxinogenic fungi, Industrial Crops and
Products, 30(2), 250-253(2009).

VK. Bajpai, A. Rahman, S.C. Kang, Chemical composition and anti-fungal
properties of the essential oil and crude extracts of Metasequoia glyptostroboides
Miki ex Hu, Industrial Crops and Products, 26(1), 28-35(2007).

R. Garcia, E.S. Alves, M.P. Santos, G.M. Aquije, A.A.R. Fernandes, R.B.d.
Santos, J.A. Ventura, P. Fernandes, Antimicrobial activity and potential use of

monoterpenes as tropical fruits preservatives, Brazilian Journal of Microbiology,
39(1), 163-168 (2008).

C.MM. Fernandez, M.E. da Rosa, A.C.A.M. Fernandez, E.B. Lorenzetti, K.F.
Raimundo, D.A.G. Cortez, J.E. Gongalves, M.R. Simées, N.B. Colauto, V.d.S.
Lobo, Larvicidal activity against Aedes aegypti of essential oil of Laurus nobilis
leaves obtained at different seasons, Journal of Essential Oil Research, 30(5), 379-
387 (2018).

C.M.M. Fernandez, E.L. Barba, A.C.M. Fernandez, B.K. Cardoso, L.B. Borges,
O.S. Takemura, L.d.A. Martins, L.E.R. Cortez, D.A.G. Cortez, Z.C. Gazim,
Larvicidal activity of essential oil from Tetradenia riparia to control of Aedes
aegypti larvae in function of season variation, Journal of Essential Oil Bearing

Plants, 17(5), 813-823 (2014).

99



Paulo Roberto Barros Gomes, Francisco Reivilindio da Silva Barros Junior, Jonas Batista Reis, Gustavo Oliveira Everton, e al.

How TO CITE THIS ARTICLE

P.R. Barros-Gomes, ER. da Silva-Barros Junior, J. Batista-Reis, G. Oliveira-Everton,
R.W. Santos de Oliveira, H. Costa-Louzeiro, M. Alves-Fontenele, A. Crispim de
Freitas, M.d. Livramento de Paula, V.E. Mouchrek Filho, Chemical composition
and biological activity of the essential oil of the fruits Pimenta divica against formae
speciales of fungus Fusarium oxysporum, Rev. Colomb. Cienc. Quim. Farm., 49(1),

89-100 (2020).

100



