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ABSTRACT

Antimicrobial activity of the essential oil (EO) bfppia gracilis Schauer over fungi and heliconia endophytic
bacteria was evaluated. For the fur@eotrichum candidum; Trichoderma viride; Torulaldaum; Paecillomyces
sp.; Fusicoccunsp.; P. aeruginensCurvularia lunataAspergillus nidulansA. flavus, and A. niger mycelial discs
were inoculated in PDA medium with oil (0; 420; 4460; 480 e 50Q4 L™"). The inhibition percentage in 420

L™ was 100% for all fungi, except f@. lunataandA. niger, which was 95.58% and 89.40% , respectively. heot
experiment, a suspension of tBalmonella choleraceuis-diarizonae, Enterobacteurése, Bacillus thuringiensis,
B. pumilus, B. cereus, Klebsiella pneumoniaad E. hormaechewas individually added to the solid NYDA
medium dishes. In each dish, wells were drillethedium and filled with water or EO (420 uL)LThe diameter of
the inhibition halo was assessé&d.pneumoniaavas the bacterial species less sensitive Bndormaechewas the
most sensitive.
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INTRODUCTION the most common microorganisms, the fungi are
frequently detected and are highly detrimental, as
Microbial contamination is the main cause of planthey grow right in the nutritional medium,
losses in culture media in laboratories of plancompeting with the plants for the nutrients of the
tissue culture (Leifert et al., 1994; Niedz andmedium, besides producing phytotoxic metabolites
Baushier, 2002). In many cases, the contaminating-eifert et al., 1994). In many cases the superficial
sources are not easily determined; however, thdisinfections that precede the inoculation of the
most common ones are associated witlexplants are inefficient. This problem may be due
microorganisms of the environment and of thdo the inactivity of the disinfestants usually used,
manipulating individual. A frequent form of or due to the fact that the microorganisms protect
penetration of spores and cells of microorganisméhiemselves in the interior of the vegetable tissue
into the work environment is through air currentgLeifert and Woodward, 1998). Endophytic
that are brought by the air conditioning equipmentgontamination, that is, microorganisms that
remaining in the environment due to inadequateolonize vegetable tissues internally, are also
asepsis conditions (Leifert et al., 1994). Amongharmful for n vitro plant cultures. After viruses,
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the greatest references are for bacteria, considerBthizomes of the hybriddeliconia psittacorum x
by many authors as contaminants that cause moke spathocircinatavar. Golden Torch and of the
serious problems since; in general, they arepeciedH. latispatha, H. caribea, H. bihandH.
systemic and hard to eliminate (Leifert et al.rostrata were collected from the Mulata farm,
1994; Capé, 1998). Endophytic bacteria may caudecated in the town of Camaragibe, 20 km from
death of the cultures, growth retardation, necrosifiecife. For the extraction and inoculation of the
and alterations in the morphogenetic potential, asaulinary shoots, the Santos methodology (1999)
well as reduction in the rate ofn vitro was followed. The explants were inoculated in MS
multiplication and rooting (Levin et al., 1996). (Murashige and Skoog, 1962) medium, without
These endogenous contaminations keep planphytoregulators. The contaminants observed in
with  high commercial potential and low association with the caulinary shoots were
productivity, such as some species of heliconia, fdransferred to the NYDA medium: yeast-dextrose-
example, from becoming established vitro agar nutritive extract (Pusey and Wilson, 1984).
(Santos, 1999; Dias and Rodrigues, 2001). Colonies were separated according to color, size
One possible solution for this problem would beand shape, and purified in NYDA medium. Then,
the addition of antibiotic substances to the cultur¢he isolates were transferred to test tubes
media; however, some of them possessontaining the same culture medium and stored at
bacteriostatic rather than bactericide actior® C. The isolates were identified in the National
(Grattapaglia and Machado, 1998). FurthermoreCenter of Environmental Research,
when used in efficient concentrations against th@Embrapa/CNPMA), Jaguaritna, SP by Dr. Itamar
contamination, they are phytotoxic (Nannetti,S. Melo.
1994) and may also induce resistance to the
contaminating organisms. Fungi Isolation
In the past, the antimicrobial properties ofPetri dishes containing the MS medium were
aromatic plant extracts, particularly the essentiabpened for 3 minutes in the sterilization room of
oils, have been studied (Isman, 2000; Rassoli artie Plant Tissue Culture Laboratory. The aim was
Mirmostafa, 2003). Some species of thppia to collect suspended microorganisms in the place.
gender are characterized by the presence dfiter 8 days, the fungi developed in the Petri
essential oils, with antimicrobial activity, due todishes were stored individually in test tubes
the phenolic monoterpenes thymol and carvacrotontaining the PDA (potato-dextrose-agar)
Among these species,. gracilis, native of the medium and stored at%C. For the identification
Brazilian Northeast, is highlighted because iof the fungi, microcultures were prepared and their
presents high contents of these monoterpenssructures were observed in the microscope
(Matos et al., 1999). through the preparation of slides colored with
Thus, the objective this work was to assess th&mann blue, considering the morphology of the
effect of the essential oil of. gracilis over conidia and their formation in the conidiophores
contaminating fungi of the air and endophytic(Menezes and Silva-Hanlin, 1997).
bacteria of the heliconias.

Inhibitory concentration of the essential oil

For the selection of the minimum inhibitory

MATERIALS AND METHODS concentration (MIC), the bacterial isolates
obtained from the caulinary shoots of heliconias
Extraction and analysis of the essential oil cultivated in vitro were used. Qualitative tests

The essential oil (EO) was extracted from leavewere performed in order to select a minimum
of L. gracilis plants brought from the town of dosage of the essential oil lof gracilis capable of
Petrolandia, PE. The extraction was performedﬁhibiting all of the isolates. The bacterial growth
using a Clevenger apparatus according to Rassalas transferred by streaking with platinum loop on
and Mirmostafa (2003). The identification of theNYDA and MS media, containing oil in the
components of the essential oil was performed bgoncentrations of 0; 100; 200; 300; 400; 500; 600;
gas chromatography attached to the mas&00 and 800 uL L Between the concentrations

spectrometer (GC - MS). of 400 and 500 pL t of oil, some species
Isolation of endophytic bacteria from the presented growth in the NYDA medium. Due to
caulinary shoots of heliconias this fact, following the same procedure, the
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isolates were plated in NYDA medium with 420; Action of L. gracilis oil over fungi
440; 460; 480 and 500 pLLof oil. Growth Mycelial discs of each isolate with approximately
inhibition of isolated bacteria was assessed and ttf&mm of diameter were taken from cultures with 5
smallest dosage capable of inhibiting all of thedays in PDA medium and inoculated in the center
species evaluated was selected. The experimeoit a Petri dish containing PDA medium with oil
was entirely casualized with 4 repetitions perof L. gracilis in the following concentrations: 0;
dosage assessed. 420; 440; 460; 480 and 5Q@L L. Evaluations
began 48 h after the setup of the equipment and
Action of L. gracilis oil over endophytic the variables evaluated were mycelial growth and
bacteria isolated from heliconias cultivatedin  sporulation. The mycelial growth was evaluated
vitro with the aid of a milimetrized ruler through daily
The suspensions were prepared in Petri disheseasures of the diameter of the colonies
from 36-h long bacterial growth in NYDA, adding perpendicularly. To determine the inhibition
10ml of sterilized distilled water (SDW) per dish. percentage, the data of the individual mycelial
The suspensions were transferred into test tubdéisear growth of each fungus was used, through the
and homogenized in Vortex mixer, adjusting theapplication of the adapted formula of Edington et
concentration at 580 nm for s& = 0.7 in al (1971): I =[CF. - CR)Y CF] x 100; where I=
photocolorimeter. Aliquotes of 3.2 mL of the percentage of inhibition; GF= growth of the
suspension of each species were addeflungus in the control; G growth of the fungus
individually, to 80 mL in NYDA medium, which in the treatment. The sporulation was assessed
were poured onto Petri dishes. In the center ahrough spore count in a Neubauer chamber. The
each dish, wells of approximately 3mm deep >experimental design was entirely casualized with 5
5mm in diameter were made and filled with 8.4 plLrepetitions for each fungus assessed.
of the pure EO (dosage equivalent to 420 uL of oil
L * of the medium, or 420 ppm). In the control
treatment, the wells were filled with 8.4 pL of RESULTS AND DISCUSSION
sterilized de-ionized water. The variable assessed
was the diameter (cm) of the inhibition halo,The pure oil ofL. gracilis in the concentration of
measured 24 h after the beginning of the12o pL L of the medium was efficient in
experiment. The experimental design was entirelyhipiting the bacteria tested (Table 1).
casualized with 4 repetitions per treatment. Then the initial tests in which the pure oil was mixed
experimental unit was one well per dish. with the culture media for the selection of the
The inhibitory action of the oil in liquid medium minimal inhibitory dosage, it was observed that
was also assessed. For this, 0.2mL aliquotes of thge NYDA medium was more favorable to the
bacterial suspension &= 0.7) were added to test pacterial growth than the MS medium. In the
tubes with screw-on lids containing 5SmL of NYD treatment with 400 uL L of oil in the NYDA
medium. Treatments constituted 420 uL of purenedium, growth oKlebsiella pneumoniagHB 1),
EO and 420 pL of SDW (control). For absolutegnterobacter hormaechefHB 2) and Bacillus
control test tubes containing NYD mediumpymilus(HB 5) was observed. On the other hand,
without bacteria were assessed. The absorbangethe MS medium, all the isolates were inhibited
was assessed 24 h after the beginning of thg the concentration of 400 pL™L(Table 2).
experiment. The percentage of inhibition ofyeast extract-based and peptone-based culture
growth of the bacterial isolates submitted to thgnedia are richer and favor the growth of
treatment with oil was determined through themjcroorganisms. Although the basic nutritive
application of the formula: | =@B. - CB)/ CBJ]  medium for the culture work was the MS, the
x 100; where I= percentage of inhibition; CB  NYDA medium could be recommended for index
bacterial growth in the control; GB= bacterial tests in plants propagatéd vitro, since bacteria
growth in the treatment. The experimental desiggenerally multiplied faster in NYDA when
was entirely casualized with 4 repetitions petcompared to the MS (Niedz and Baushier, 2002).
treatment. The experimental unit was one isolat¢here are cases in which bacteria do not present
per tube. The data were submitted to analysis Qfisible growth in the MS medium, despite being in

variance (ANOVA) and the means compared b¥he explant. However, when the bacteria manifest
the Tukey test (g 0.05).
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growth during the process of micropropagation otlays. However, greater quantities of the biocide
plants, this could cause mass proliferation of thesaere required to control the microbial growth in a
microorganisms in the laboratories (Leifert andhutritive medium supplemented with yeast and
Woodward, 1998). The use of a mixture ofpeptone extract, which were components of the
isotiazolone biocide substances in MS mediunNYDA medium (Niedz, 1998).

inhibited the growth of microorganisms for 90

Table 1- Bacterial isolates obtained from a hybrid amififour species dfieliconia

Host Code Bacteria
Heliconia psittacorum x H. spathocircinavar. Golden GT1 Salmonela choleraceuis-diarizonae
Torch
H. psittacorum x H. spathocircinatar. Golden Torch GT5 Enterobacter asburiae
H. latispatha LT 2 Bacillus thuringiensis
H. latispatha LT5 Bacillus pumilus
H. caribea CB1 B. pumilus
H. bihai HB 1 Klebsiella pneumoniae
H. bihai HB 2 Enterobacter hormaechei
H. bihai HB 5 B. pumilus
H. rostrata RT 4 Bacillus cereus

In face of the results, the dosages 420; 440; 468pecieK. pneumoniadehaved as resistant to the
480 and 500 pL T were tested, and concentrationessential oils ofOriganum calcaratumand O.
420 pL was selected as the minimal dosagscabrum Some papers report that the bacteria
capable of inhibiting the growth of all of the species respond differently to the diverse
bacterial isolates in medium NYDA. substances extracted from plants (Ahmed et al.,
In the activity test of the oil of. gracilis in the 1994; Lindsay et al., 2000; Reddy et al., 2001).
minimum inhibitory concentration (420 pL'Lin  Test runs to verify the effect of the essential oils of
wells in the medium NYDA, the inhibition of the Inula heleniumand Rosmarinus officinalisover
growth of all of the bacterial isolates assessed wasight bacterial species revealed that only
checked, despite there being significant differenc8taphylococcus aureus and Streptococcus
between them as to the diameter of the inhibitiopyogenes were completely inhibited, while
halo (Table 3). In the control dishes there was n8treptococcus faecalidid not show sensitivity to
inhibition of the growth.E. hormaechei(HB 2) these essential oils, thus evidencing that a
was the most sensitive to the oil, whereasKhe variation of behavior could occur among species
pneumoniae (HB 1) was the least affected. of the same gender (Boatto et al., 1994).
Demetzos et al. (2001) also observed that the

Table 2- Antibacterial activity of the oil ofippia gracilisin media NYDA and MS
Bacteria Code Nyda/ Ms
Concentrations pL (v:v)
0 100 200 300 400 500 600 700 800

Salmonela choleraceuis-diarizonae GT1l ++ ++ ++ +H+ /- -/- ~[- -[- |-
Enterobacter asburiae GTS5 +/+ ++ ++ ++ -/[- ~-/[- -/[- -/- /-
Bacillus thuringiensis LT2 +/+ ++ ++ +H+ /- /- /- /- -
B. pumilus LTS5 +/+ ++ ++ +H+ /- /- - /- -
B. pumilus CB1l +/+ +/+ +/+ ++ -[- /- -/[- /- |-
Klebsiella pneumoniae HB1 +/+ +/+ +/+ ++ +- -/[- /- /- -
E. hormaechei HB2 +/+ +/+ +/+ ++ +- - - - -
B. pumilus HBS ++ ++ +H+ +H+ +- -/[- - /- --
B. cereus RT4 +/+ +/+ +/+ +/+ /- -[- -[- -[- -f-

(+) bacterial growth (-) inhibition of the bacterial growt
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Table 3- Diameter of zone of inhibition (cm) at 420 ul* koncentration of theippia gracilis oil

Bacteria Code Diameter of zone of inhibition Absorbance
(Asgo=0.7)
% Inhibition *
Enterobacter hormaechei HB 2 3.114 77.7 a
Bacillus cereus RT 4 274 b 56.5 ab
E. asburiae GT5 2.69b 48.4 b
Salmonela choleraceuis-diarizonae GT 1 263b 4153 b
B.pumilus LT 5 254 Db 59.3 ab
B.thuringiensis LT 2 251b 59.9 ab
B.pumilus HB 5 2.48Db 62.8 ab
B.pumilus CB1 241b 53.9 ab
Klebsiella pneumoniae HB 1 201c 48.3b

IFormula (I = CB - CB/ CB;x 100) | = percentage of inhibition; GB bacterial growth in the control; B bacterial growth in
the treatmentAverages followed by the same letters do not differ signifigdnyt the Tukey test (g 0.05).

In the liquid medium, the isolate HB2 behaved ashemselves for nutrients and for oxygen. The
more sensitive to the oil, having its growthimmobilization of the bacterial cells also
inhibited in 77.7% (Table 3); however, it did notdecelerates the growth rate (Bakholdina et al.,
differ statistically from the isolates HB 5, LT 2, 2001). Although the test in liguid medium
LT 5, RT4 and CB 1. On the other hand, theconfirmed inhibition of growth of the bacterial
isolates GT 1 (45.3%), HB 1 (48.3%) and GT Ssolates, the method of diffusion in agar has been
(48.4%) were less sensitive without differingthe most used in studies of antimicrobial activity,
among themselves. due to the hydrophobic property of the essential
There was a positive correlation in solid and liquidbils (Rios et al., 1988).

medium when the sensitivity of the isolates to théStudies performed with other vegetable species,
oil of L. gracilis (Table 3) was assessed. Thewhose essential oil presented carvacrol and thymol
isolate HB1 K. pneumoniae behaved as less in its chemical composition, showed results similar
sensitive in both media, as it presented the smallett those obtained in this work. Essential oil<of
inhibition halo in solid medium and one of thecalcaratum and O. scabrum rich in carvacrol,
smallest inhibition percentages in liquid mediumwere active againsk. aureusand S. epidermidis
The isolate HB2 E. hormaechgj which was the (Demetzos et al., 2001). Similarly, oils extracted
most sensitive to the oil in solid medium, alsofrom two species ofhymusinhibited the growth
showed one of the highest percentages aifE. coli S. aureusB. subtilisandK. pneumoniae
inhibition in liquid medium. In a solid medium, (Rassoli and Mirmostafa, 2003).

the inhibition halo around the wells that containedAs for antifungal activity, the oil oL. gracilis

the oil was quite visible. In liquid medium, the showed to be efficient in inhibiting the fungi
growth was more homogeneous. In some caseassessed in this work. The species resulting from
the results differed according to the species dbolation in laboratory were: Geotrichum
microorganism and to the consistency of theandidum Trichoderma viride Torula herbarum
culture medium. Pellecuer et al. (1976), quoted bpaecillomyces sp.; Aspergillus  nidulans
Rios et al. (1988), compared the activity of the~usicoccunsp.; Aspergillus flavus; Paecillomyces
essential oils ofThymusagainstE. coli and S. aeruginens; Curvularia lunataand Aspergillus
aureus and found thathe oil was more active niger. In 420 pL L concentration, the percentage
againstS. aureushy the method of disc diffusion, of inhibition of the mycelial growth fo€. lunata
whereas theE. coli showed highest sensitivity and A. nidulans was 95.58 and 89.40 %,
when a liquid medium was used. Besides theespectively (Fig. 1). The other species were
action of the oil, the peculiarity of bacterial growthinhibited completely (percentage of inhibition =
in a medium increased with agar was alsd00%). The antifungal activity of certain essential
attributed to deficient physiological conditions,oils whose main constituents are thymol and
that is, the individuals competed amongcarvacrol, has already been determined by several
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researchers, including for some genders of fungiroduction of spores of the fungi assessed, except
assessed in this work (Dwivedi and Singh, 1998for A. nidulans(Table 4). In the control treatment,
Arras and Usai, 2001; Lambert et al., 2001all of the species assessed developed in the period
Daferera et al., 2003; Pina-Vaz et al.,, 2004pf five days, covering completely the medium
Sokmen et al., 2004). As for sporulation, at asurface.

concentration of 430 L™ there was no

Figure 1 - Mycelial growth of the fungCurvularia lunata(A) and Aspergillus nidulans
(B), submitted to the oil dfippia gracilisin concentrations ranging from 0.0
uL L™ (a); 420uL L™ (b); 440 pL L™ (c).

Table 4 - Sporulation of the fungusspergillus nidulanssubmitted to treatment with or without esserdibbf
Lippia gracilis.

Treatment Aspergillus nidulans
Control 31.39x 164
With oil  (42QL L™ 7.72x16 b

ISignificant difference by the Student test between the two ge®i@f spore number.

Most part of the essential oils possesses activitglbicans,besides inhibiting the growth of the yeast
against fungi and bacteria due to the presence ¢¥lanohar et al., 2001). Other studies to assess the
monoterpenes. The main constituents of thanhibitory effect of these monoterpenes confirmed
essential oil olL. gracilis used in this work were the inhibition of the growth of 25 microorganisms,
carvacrol (41.77%) and thymol (10.13%),including animal and plant pathogens, besides
classified as phenolic monoterpenes (Rasooli anshprophytic fungi, such a&spergillus flavusand
Mirmostafa, 2003). These compounds have beehe dermatophytous fungu&ichophyton rubrum
studied even against food pathogens, such #8dan et al., 1998; Dorman and Deans, 2000).
Bacillus cereus (Periago et al., 2002). The The antimicrobial potential of more than 280 plant
essential oil ofThymus vulgariswith percentages species has already been investigated against
of thymol (18.1%) and carvacrol (8.9%), lowerseveral species dspergillus,and approximately
than those obtained in this work, was highlyl00 of them showed some inhibitory activity over
efficient in the reduction of gray mold and soft rotthe production of mycotoxins and fungus growth.
in strawberries, caused by the funBotrytis Thymusand Origanum which possessed thymol
cinerea and Rhizopus stolonifer respectively. and carvacrol, completely inhibited. flavus,
These volatile compounds act in the reduction oPenicillium digitatum, P. italicum, Botrytis
the conidial germination, causing subsequent deatlinereaand Alternaria citri, the parasites of seeds
of the fungus (Reddy et al., 1997). Studies donand fruits (Montes-Belmont and Carvajal, 1998;
with oregano also confirmed the antifungicalArras and Usai, 2001). Thymol reduced the
action of its oil, due to the presence of thymol anghercentage of contamination By flavusto 43.7%
carvacrol. The phenolic monoterpenes inhibitechind 75ppm of carvacrol were enough to reduce the
the formation of the germinative tube Gandida
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mycelial radial growth oP. digitatumfrom 74mm  Thymus oil and its main components. The
in the control treatment to 5mm. mechanism of action of the chemical substances
Recently, the observation that the antimicrobialnvolves a primary lesion of the membrane, with
action is due to the presence of thymol andnherent cell death. As a result of the structural
carvacrol in the oils that have them as maindisorganization of the membrane, quick discharge
constituents has been reinforced. Three species of potassium was observed (Pina-Vaz et al., 2004).
Thymus were assessed, with relation to theWwith regards to the results obtained in this
antifungical activity andT. mastichina deprived research, it was concluded that essential oils rich
from thymol and carvacrol, presented reduceéh thymol and carvacrol, in general, inhibited the
inhibitory activity againstC. albicans(Pina-Vaz growth of microorganisms. This inhibition
et al., 2004). capability of these compounds represented in a
The efficiency of the oil ofL. gracilis in the certain way an extension of the very role they
inhibition of the microorganisms assessed in thiplayed in the plants, defending them from
work agreelLippia performed by Pascual et al. phytopathogenic microorganisms. Due to the
(2001), in which the essential oils of the specieantimicrobial potential, the essential oil af
showed in their majority antimicrobial activity, gracilis could represent an alternative to chemical
though there was a certain variation with respect tand pharmaceutical industries in the manipulation
the inhibition response in different species ofof new products with greater asepsis potential.
microorganisms. The.. sidoides for example, Besides the absence of chemical residues after
showed inhibitory activity againsE. coli, S. their use, these aromatic substances are not
aureus, B.subtiliand Mycobacterium smegmatis offensive to the environment or to the people that
but low activity againsPseudomonas aeruginosa manipulate them (Stammati et al., 1999; Daferera
and against some microorganisms located in thet al., 2003).

human epithelial tract (Lacoste et al., 1996).

Studies regarding the mechanism of action of the

essential oils over microorganisms showed that thARCKNOWLEDGMENTS

monoterpenes actedn the cell membrane. The

essential oil of oregano, as well as theirThis work was carried out with the support of the
constituents, thymol and carvacrol, accumulate€NPq. We thank Dr. Maria Menezes, Dr. Itamar
over the cell membrane #&. aeruginosaandS. S. Melo and Dr. Isabelle Meunier for
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(Lambert et al, 2001). Besides altering the

structure of the cell membrane, these volatieRESUMO

break the molecules of intracellular nucleic acids.

The antimicrobial action of the essential oils couldavaliou-se a atividade antimicrobiana do 6leo

also be related to the inactivation of someesssencial (OE) déippia gracilis Schauer sobre
enzymes, including those involved in thefungos contaminantes de laboratérios de cultura de
production of energy and synthesis of structuralecidos vegetais e bactérias endofiticas de
components (Lambert et al. 2001). heliconias. Discos de micélio dos fungos
Arras and Usai (2001), after treatment withGeotrichum candidum; Trichoderma viride;
Thymusoil and the main constituent, carvacrol,Torula herbarum; Paecillomyces sp.; Aspergillus
morphological alterations of hyphae and conidia ofijdulans; Fusicoccum sp.; A.flavus; P.

P. digitatum observed the through electronic geruginens; Curvularia lunata e A. nigeforam
microscopy. Through laser microscopy, alterationgnoculados em meio BDA com 6leo (0; 420; 440;
in the structure of the membrane such as t@60: 480 e 50QL L. O percentual de inibicio
increase permeability were observed, which wagmy 4201 L foi de 100% para todos os fungos
an important factor in the mechanism Ofgyceto pareC. lunataandA. niger; o qual foi de
antimicrobial action (Lambert et al, 2001).95 580, and 89.40% respectivamenin outro
Membrane damage was also confirmed by thgynerimento, suspensdo das espéSanonela
coloring of C. albicanscells with iodine-based choleraceuis-diarizonae Enterobacter asburiae,

dye. The substance penetrated cells, WhoSgacillus thuringiensis B. pumilus Klebsiella
membranes were damaged by the exposure to the
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