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ABSTRACT

Banana, papayaand pineapple are the most consumed tropical fruitsintheworld, being Brazil oneof themain
producers. Fungi Colletotrichum musae, Colletotrichum gloeosporioides and Fusarium subglutinans f.sp.
ananas cause severe post harvest diseases and losses in fruits quality. The aim of thiswork was to evaluate
the effectiveness of five monoterpenesto inhibit the mycelial growth and conidiagermination of thesethree
phytopathogens. The monoterpenes citral, citronellal, L-carvone, isopullegol and o-pinene were diluted in
ethanol to final concentrationsfrom 0.2 to 1%. All monoterpeneswerefound toinhibit the growth of thethree
studiesfungi in a dose-dependent manner. Citral was the most effective of the oilstested and showed potent
fungicidal activity at concentrationsabove 0.5%. Also, in vivo evaluation with these tropical fruitsdemonstrated
the efficiency of citral to inhibit fungal growth. These results indicate the potential use of citral as anatural

pesticide control of post-harvest fruit diseases.
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INTRODUCTION

Plant-derived essential oils containing monoterpenoidshave
been used as antifungal drugs since ancient times, depending
both on application method and dose manner (23). Studies on
theantimicrobial activity of essential oilsfrom aromatic species
used in Brazil shows that the oils present one or more active
fraction, being monoterpenesthe major constituents (17). Also,
Shimizu et al., 2006 stressed the importance of the analysis of
the chemical composition of the essential ail to elucidate the
pharmacological mechanismsin order to usesthiskind of oils
in medical application. Several authors concluded that as
lipophilic agentsthey executetheir action at membraneintegrity
level, affecting embedded enzymes and fatty acid composition
(14); being citral and o-pinene the most referred of these
hydrocarbons.

Effects of citral in a broad spectrum of post-harvest and
aflatoxigenic pathogens have been well documented, showing

astrong fungistatic and fungicidal effect. Penicilliumdigitatum,
Penicillium italicum and Geotrichum candidum; the major
fungi responsible for post-harvest spoilage of citrus and apple
were inhibited with 2-6 pl.L™ of citral vapor and its isomers:
gerania and neral (26). Also, bluemold rot in apples (Penicillium
expansum) was strongly inhibited by this natural compound
(29).
In general, the inhibitory action of citral and related
compounds such as citronellal and o-pinene on mould cells
involves cytoplasm granulation, cytoplasmic membrane
rupturing and inactivation and/or synthesis inhibition of
intracellular and extracellular enzymes. These actions can occur
inan isolate or concomitant way and culminate with mycelium
germinationinhibition (4).

Essential oil of Bupleurum gibraltarium aerial parts
containing 15.6% of a-pinene inhibits Plasmopara halstedii
sporulation at aconcentration of 5.0 ml.L-* (6). Thispinene a so
inhibitsB1 aflatoxin production by A. flavus (3) and Rhizoctonia
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solani growth (5). a--pinene production as plant defense
mechanism in pinewas also described by Hofstetter et al., 2005
against ectosymbiont fungi Entomocorticium sp. and
Ophiostoma minus.

Banana, papaya and pineapple are the most consumed
tropical fruitsintheworld, produced inlarge scalein Brazil. A
great importance has been given to minimize the use of
pesticides in the globalized agriculture business. Therefore,
results with natural products will increase the alternatives in
control tropical fruits post-harvest |osses. An important matter
to the under consideration is that active essential oils cause
severe damage to fruit skin. Therefore, the choice of the ail
solvent and proper dilution is the key for practical use of this
technology. In the present study we have evaluated the
antifungal properties of monoterpenes citral, citronella, L-
carvone, isopulegol and a-pinene on Colletotrichum
gloeosporioides, Colletotrichum musae and Fusarium
subglutinans f.sp. ananas, food born phytopathogens widely
distributed in nature, that cause papayaand bananaanthracnose
as well as fusarium fruit rot of pineapple. Bioassay was also
performed on thesetropical fruits using the monoterpenecitral
asnatural preservative. Theinhibitory effect iscompared within
the monoterpenes and with that of a synthetic commercial
fungicide and the results are discussed.

MATERIALSAND METHODS

PhytopathogensFungi

Thefungi used in thiswork, Colletotrichummusae (E-366),
Colletotrichum gloeosporioides (E-368) and Fusarium
subglutinans f.sp. ananas (NRRL25624), were derived from
singleconidiaand areavailable at theINCAPER Plant Pathology
Laboratory, ES, Brazil. All cultures were routinely infected in
fruitsand re-isolated to retain their infectiveness and maintained
on potato-dextrose-agar (PDA) (Oxoid Unipath Ltda.,
Basingstoke, Hampshire, UK) dants. Theisolateswereidentified
using morphology and colony growth methodology (24).

Deter mination of antimicrobial activitiesof theessential oils:
I nhibition of mycdlial growth and conidial germinationinvitro
tests

Themonoterpenesused inthe present work; citral, citronella,
L-carvone, isopulegol and o-pinene, supplied by Dragoco
PerfumeseAromasLtda, SP, Brazil, weredilutedin ethanol (Sigma
Chem. Co, MO, USA) and brought to final concentrationsof 0.2,
0.4,0.6,0.8and 1% (v/v) in PDA Petri dishes. Asnegative control,
commercia mineral oil (Unido QuimicaFarmacéuticaS.A., SP,
Brazil) and ethanol (SigmaChem. Co, MO, USA) wereused. A
synthetic commercial fungicide containing 50% benomyl
(Benlate® 500 PM from DuPont Brazil, SR, Brazil) at aconcentration
of 0.1% was used asapositive control, asthethreefungal strains
represent populations that are still sensitive to benomyl. Four

164

replications were used for each oil concentration and the
experimentswere conducted twice.

To determinate the antifungal activity, a 5 mm disk of
mycelium of each fungus, grown on PDA for 7 days, was
inoculated in the center of each individual PDA/monoterpene
Petri-dish. The disheswereincubated at room temperature (26
+ 2°C) and mycelial growth was eval uated by measurements of
colony diameter until 10 days of incubation, every two days.

For the germination test, 10 ul of conidia suspension of
each fungus was spread in a 70 mm diameter Petri-dishes
containing different concentrations of the monoterpenesin PDA
solid media. The disheswereincubated at room temperature for
8 hours. The number of germinated conidia was then assessed
by microscopic observation using al.eicamodel DML S optical
microscope (LeicaMicrosystems, Wetzlar, Germany).

Deter mination of essential oilseffect on hyphal mor phology

Hyphae morphology evaluation of the three fungi was
performed by optical microscopic observation followed by
image capture and analysis using a digital camera (Moticam
2000) and Motic Images Plus software (M otic ChinaGroup Co.,
Xiamen, China). Each fungus at aconcentration of 10° conidia/
ml in BD mediawastreated with % citral (v/v) for 24 and 48 h.
The material was stained with Amann lactophenol-cotton blue
and mounted in 50% glycerol for mycelia observation and
examined under aL eicaoptical microscope. All measurements
are given as the average of 10 of each structure observed.

Bioassay

Papaya (cv. Golden) and pineapple (cv. Perola) were
harvested at commercial maturity, disinfected with 200 ppm
chlorine solution and rinsed with distilled water. Fruits were
wounded with asterilenail (onewound per fruit, intheequatorial
zone). To determine the in vivo efficacy of the oil against the
fungi, 10 pl of conidia suspension of C. gloeosporioidesor C.
musae, adjusted to 1.0 x 10° spores.ml* was individually
inoculated on the surface of papaya or pineapple, respectively.
The monoterpene citral was emul sified with soy lecithin (2.5%
v/w) to afinal concentration of 1% (v/v). After 12 hours of
inoculation, fruits were treated by immersion in the citral
formulation. Thefruitswereincubated at room temperature (26
+ 2°C) and the incidence of infected wounds evaluated after 7
days. All experiments were carried out with 5 replicates per
treatment and untreated fruits or treated with lecithin (2.5% v/
w) were used as controls.

Satistical analysis

Analysisof variancewas performed onthe SAEG-4.0 (SAEG,
Brazil). Means for groups in homogeneous subsets were
considered. Duncan’'s multiple range test was applied to
determine whether differences between treatments were
significant at the P=0.05level.



RESULTSAND DISCUSSION

Monoterpenes constitute purified form of essential oils,
having differencesintheir chemical functional groups(10). Two
monoterpenes(citral and citronellal) with an adehydefunctional
group, and one (L-carvone) with a ketone functional group
showed a potent fungicidal activity against the three tested
phytopathogenic fungi. At concentrations of 0.6% or above,
citral completely prevented mycelium growth of C. musae, C.
gloeosporioides and F. s. f.sp. ananas (Table 1).

Benomyl, a fungicide used for the control of banana and
papaya anthracnose (15) and pineapple fusariosis, was used as
apositive control and proved to inhibit 100%, 61% and 83% of
mycelium growth of C. musae, C. gloeosporioidesand F. s. f.sp.
ananas, respectively. Comparing with the monoterpenestested,
concentrations of 1% of citronellal and L-carvone completely
inhibited mycelium growth of C. musae and C. gloeosporioides
and showed an inhibition of approximately 80% of F.
subglutinans f.sp. ananas mycelium growth (Table 1). Those
results are in accordance with others from the literature which
observed amarkedly inhibition of mycelium proliferation caused
by citronellal invariousfungi (19).

Isopulegol and o-pinene have an acohol and hydrocarbon
functional group, respectively, being suggested that fungicidal
efficiency of 1R, 2S, 5R-isopulegol could be probably do to
presence of an oxygenated function in its framework (11). As
indicated in Table 1 isopullegol and o.-pinene showed a low
mycelium growth inhibition, resultsin agreement with studies
fromAngioni et al., 2004 and Duru et al., 2003, which showed a
wesk activity of essential oilswith o-pinene asmajor compound
toward Fusarium sp. These results led us to exclude these
monoterpenes from the study of conidiagermination inhibition.

Shift from spore to mycelium is the key to fruit disease
establishment. Discover products able to destroy plant
pathogens still under spore form are important tool to the
agrobusiness productive chain. Germination testswith thethree
monoterpenes that conferred the best results on the mycelium
growth inhibition screening were conducted at the same
dilutions used for the mycelial inhibition test. Citral at 0.4%
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exhibited maximum activity to all fungi and no other
monoterpene at the same concentration tested equaled it. Citral
and citronellal at aconcentration of 0.2% and L-carvoneat 0.4%
completely inhibited C. musae and C.gloeosporioides
germination. F. subglutinans f.sp. ananas germination was
completely inhibited by 0.4% citral, 0.6% citronellal and 0.8%
L-carvone. In comparison to the monoterpenes, the fungicide
benomyl showed lower inhibition of conidia germination
(maximum inhibition of 79% to C. musae, 37% to C.
gloeosporioides and 42% to F. s. f.sp. ananas.). These results
indicate that those monoterpenes cause severe damage to
conidia even at lower concentrations.

Studi es using advanced techniques have looked at damage
effects caused by citral at cellular structures of fungi, like
membranes, organelles and intracellular macromolecules. In
Aspergillus flavus spores, citral causes adirect damagein cell
wall and membrane, decreasing their elasticity and volume due
to an induction of malondialdehyde (MDA), which tends to
interact with membrane proteinsamino groups (8). In aprevious
work, Luo et al., 2001 stated that in the presence of citral the
electric conductivity of A. flavus membrane increases, activity
of [Na*, K*]-ATPase decreases, as well as the rate of proteins
and sugars mobilization.

After entering cell, citral affects biological oxidations and
TCA cycle not only influencing the genetic expression of
mitochondrion replication and its morphology, but also
producing crowding which causes non-functional aggregation
of protein-like macromol ecules, |eading to metabolic disorders
(8). Asaresult, cdls, organdlesand macromolecules of A. flavus
loose their normal structures and functions, eventually leading
to inhibition of sporulation and mycelial growth at
concentrations of 2.8 and 3.46 mg.ml, respectively, aswell as
completely inhibited aflatoxin production at 0.1 mg.ml-* (13).
Similar results were also obtained for A. parasiticus treated
withthymeail (16).

Microscopic observations showed that citral altered the
hyphae morphology of the three studied fungi compared to
control hyphae (Fig. 1). A reduction on hyphal width was
observed after 1% citral treatment. Under the influence of this
monoterpene there was an alteration on myceliagrowth and C.

Table 1. Minimal inhibitory concentration of five monoterpenes extracted from plant essential oils on mycelia growth of three

phytopathogenic fungi.

Concentration (%) to 100% inhibition

Citrd Citrondlld L-carvone I sopulegol o-pinene
C. gloeosporioides 06 10 10 >10 NI
C. musae 06 06 08 >1.0 >>10
F. s. fsp. ananas 06 >1.0 >10 >10 >>1.0

NI —no inhibition observed.
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Figure 1. Effect of 1% citral on hyphal morphology of three phytopathogenic fungi: (), (c), (€) Hyphae growing on control medium
and (b), (d), (f) 48 h treated mycelium stained with lactophenol blue of (a) and (b) Colletotrichum gloeosporioides, (c) and (d)
Colletotrichum musae and (€) and (f) Fusarium subglutinans f.sp. ananas. Bars corresponds to 30 pm.
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gloeosporioides, F. s. f.sp. ananas and C. musae hyphae were
70%, 70% and 60% narrower, respectively, than the untreated
control fungi (Table 2). Itisworth to noticethat when comparing
24 or 48 hincubationwith or without citral therewasno difference
between the performed measurements (Table 2). Similar
alterations were observed in Penicillium digitatum in
experiments with Thymus capitatus essential oils (2) and in
Phytophthora infestans treated with several essentia oils(21).

After testing the in vitro essential oils effectiveness, it was
important to verify the same property in wholefruits. Therefore,
experiments were carried out at which commercial banana,
papaya and pineappl e fruits, prior inocul ated with the specific
fungi, weretreated with citral . Significant differenceamong the
fruits treated with 1.0% citral was observed after seven days.
Therewasa 70% reduction of thelesion diameter on citral trested
papaya fruits when compared to the untreated ones or to fruits
treated just with the dispersant lecithin. Papaya fruit peduncle
rot was also reduced with citral treatment in comparison to
untreated fruit (Fig. 2). Similar resultswere aso seen for bananas
infected with C. musae treated in the same manner with citral
where there was a 60% reduction on the lesion diameter (data
not shown).

Studiesregarding the antimicrobial activity of essential oils
infood matrix had been published, such asan evaluation of the
effectiveness of oregano (Origanum vulgare) essential oil on
ground meat. The oil solution was uniformly poured on the
meat and was able to decrease the autochthonous bacterial
flora (20). Nevertheless, it isimportant to note that the direct
contact of pure essential oil with the delicate fruits skin causes
toxicity and the use of a dispersant such as lecithin is crucial.
Also, another work showed the efficacy of plant essential oils
asfumigantsfor control of blue mold (caused by P. expansum)
on pear fruit. The treatment was performed for 24 h at 20°C and
thefruitswere placed inside asealed cabinet at which thevolatile
compounds were injected (12). Asfar as good control of blue
mold was obtained by this method, other studies points out
that essential oilswill release mixed volatile compounds (VOCs)
and many of these, such as terpenes and D-limonene, have a
significant role in the formation of secondary organic aerosols
(SOA) after oxidation, often moreirritating and allergenic than

Table 2. Hyphae width of three phytopathogenic fungi treated
with 1% citral compared to the untreated control.

- F.s.fsp.

L (um) C. gloeosporioides C. musae ananas
24h control 39+07 26+03 28+03
treated 11+0.2 08+01 08+02

48h control 34+05 25+05 33+06
Treated 1.0+0.2 12+01 1.0+03

Terpenes as fruits preservatives

Figure 2. Invivo determination of the antimicrobial activity of
citral monoterpenein papayacultivar Sunrise-Solo, 7 daysafter
inoculation with a C. gloeosporioides conidia suspension. (a),
(b) and (c) represent anthracnoselesion; (d), (€) and (f) represent
rot peduncunlar disease; (a) and (d) are the untreated control;
(b) and (e) are the controls treated with 2.5% lecithin and (c)
and (f) arefruitstreated with 1% citral dispersed inlecithin.

the original substance, suggesting care on the exposure to this
substances from the air. Actualy, even though the emission
pattern varies, most VOCsin essential oilswould emit into the
air withinthefirst 30 min (22).

These experiments lead us to conclude that citral is highly
effective in the control of the three phytopathogenic fungi
tested, and indicate its potential use for post-harvest disease
control. As a sustainable agriculture alternative, it is valuable
to screen plant extracts, available at low cost, with citral asthe
main essential oil constituent. Such oils may be used in
management strategies to control fungi diseases, minimizing
the environmental impacts caused by synthetic fungicides. We
understand that it is also very important to have these oils
evaluated under field and packinghouse conditions.
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RESUMO

Atividade antimicrobiana e uso potencial de
monoter penos como preservantesdefurtastropicais

Banana, mamé&o e abacaxi sdo as frutas tropicais mais
consumidas no mundo, sendo o Brasil um dos principais
produtores. Os fungos Colletotrichum musae, Colletotrichum
gloeosporioides e Fusarium subglutinans f.sp ananas séo 0s
principais causadores de doengas e perdas em pés-colheita de
frutas. A proposta deste estudo foi avaliar a eficacia de cinco
monoterpenosem inibir o crescimento micelial eagerminacéo
dos conidios destestrésfitopatdgenos. Os monoterpenoscitral,
citronelal, L-carvona, isopulegol e a-pineno foram diluidosem
etanol aconcentracado final de0,2 a1%. Todos os monoterpenos
testados inibiram os trés fungos estudados de maneira dose-
dependente. Citral foi 0 mais efetivo dos 6leos testados e
apresentou uma potente atividade fungicidaem concentractes
acimade 0,5%. Mais ainda, avaliacdo in vivo com estas frutas
tropicais demonstrou a eficacia de citral como inibidor do
crescimento fungico. Estes resultados indicam o uso em
potencia de citral como um pesticida natural no controle das
doencas em pos-colheita de frutas tropicais.

Palavr as-chave: controle biol6gico, 6leos essenciais, banana,
mamap, abacaxi, doengas de plantas
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