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ABSTRACT

The inhibitory effect of eugenol, a naturally oa@ng compound mainly present in the essential @ttion of
cloves, was studied on the growth and listerioly@i(LLO) production by Listerismnonocytogene$otassium efflux
from cells promoted by eugenol was also determafest 24 h incubation in phosphate buffered saliBagenol
promoted a delay on the growth afrhonocytogeneat concentrations of 100, 300 and 50§ mLand above 800
19 mL* the effect was bactericidal. Production of LLOLbynonocytogends the presence of eugenol was reduced
80-100%. An accumulation of externdl Was observed above 3p@ mL* of eugenol which indicated that the cell
membrane was affected. The results showed thdiedfeess of eugenol in controlling growth and LL@duction

of L. monocytogenes cells.
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INTRODUCTION temperature and its tolerance to certain
preservatives have resulted in an extensive effort
Listeria monocytogenesis a Gram-positive, to develop processes to control its growth in foods.
facultative anaerobic rod and psychrotrophidVild preservation technologies are becoming more
bacterium, which is associated with foodborndmportant in modern food industries, and essential
disease. This pathogen produces severalls should be an alternative to combine mild
characterized virulence factors. Listeriolysin Oprocess to obtain safe products (Ultee et al., 1999).
(LLO) is considered the major of them and isThe antilisterial properties of these components
produced by all pathogenic strains df. have been described. Essential oils of cinnamon,
monocytogenefDimmig et al, 1994; Kim et a| clove, oregano, pimento and thyme showed
1994; Giammarini et al., 2004). The environmenta@ntilisteric effectiveness in tryptone soy broth
conditions in which L monocytogenesan grow (Aureli et al, 1992). In minced pork meat added of
affect its virulence and LLO production thyme oil, the population df. monocytogenesas
(McKellar, 1993; Dimmig et al 1994; Kim et a|  reduced approximately 100 fold over the first
1994). week of storage (Aureli et al., 1992). Rosemary
The ubiquitous distribution of this pathogen inoil, at 10 uLL™ in brain heart infusion was
nature, its ability to proliferate at refrigeration listeriostatic after 24 h of incubation (Pandit and
Shelef, 1994). Clove and its essential oil had been
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considered by Smith-Palmer et al. (1998) as thBetermination of effect of eugenol against L.
most applicable spices to control of. monocytogenes

monocytogenem foods. Clove oil at 1% reduced Eugenol (2-methoxy-4-[2proenyl]phenol) was
the number ofL. monocytogenesf 1¢° to < 1  obtained from Sigma Chemical Co. (St Louis,
logio CFU (colony forming unit) gin low and full  MO). A stock solution was prepared by dissolving
fat cheese (Smith-Palmer et al., 2001). Thd00 mg of eugenol in 10 mL of 95% ethanol.
antilisteric activity of clove oil was confirmed in Aliquots were added to sterilized and cooled
cheese and meat when added at concentration @foteose peptone broth - PPG (Geoffroy ef al
0.5% and 1% (Menon and Garg, 2001). Othel989) to give the final concentrations of 100, 300,
pathogens and foodborne microorganisms als&00, 800 and 100Qg mL™. In order to detect the
showed sensitivity to this spice or its essential oihbsence of antibacterial activity of ethanol, the
(Stecchini et aJ 1993; Bara and Vanetti, 1995; experiments were performed with a control, with
Smith-Palmer et al., 1998; Suhr and Nielsenthe solvent added to the medium.

2003). The bacterial suspension was diluted té @BU
The mechanism of action of the antimicrobialmL? in saline solution and 100L were used to
activity of botanical biopreservatives is not fully inoculate 5 mL of broth. Cultures were incubated
understood (Draughon, 2004). The antimicrobiaht 37 °C and growth was determined at 600 nm
effect of clove is attributed to eugenol, which is(ODgy) using a Spectronic 20 (Milton Roy,
the major active constituent of its essential oiRochester, NY) spectrophotometer. The viability
(Pruthi, 1980). Although the exact inhibitory of the cells treated with eugenol was evaluated by
action of eugenol on microorganisms has not yegolony counts on the surface of TSA plates.

been established, it is widely believed that itsat 24 h incubation, 1.5 mL of cultures were
action would be similar to the other phenoliccentrifuged at 10,006 for 5 min to remove cells.

compounds exhibiting antimicrobial activity. The The supernatants were filter sterilized and used as
microbial inhibition of eugenol might be related tothe source of LLO.

the membrane disruption or, according to

Wendakoon and Sakaguchi (1993), by inactivation L O assay

of enzymes and genetic materials. A bette[| O activity was determined using sheep red
knowledge of the mode of action of eugenol orblood cells as described by McKellar (1992). The
microbial cells is important regarding its percentage of haemolysis was determined by

application in food systems. comparison with a control without eugenol.
This study was conducted to determine the activity

of eugenol on liquid media ob. monocytogenes Determination of extracellular K*

cells and its effect on LLO production. The efflux of K ions from L. monocytogenes
treated with eugenol was determined by estimating
potassium concentration in the external cell-buffer

MATERIALSAND METHODS system. Overnight cells grown on PPG were
harvested by centrifugation (16,0010 min) and
Strain and culture conditions washed in 0.85% saline solution. The cell mass

L. monocytogenestrain Scott A was obtained obtained was resuspended in 5 mL of phosphate

from the Department of Food Science anduffered saline (PBS) (McKellar, 1992), pH 7.4

Nutrition at S&o Paulo University (SP, Brazil).containing 100, 300, 500, 800 and 1Q@PmL™ of

Stock cultures were maintained on tryptone sogugenol. After 24 h incubation at 3Z cells were

agar (TSA Oxoid, Basingstoke, HA) slants &5 removed by filtration and Kions determined by

and transferred monthly. Cells were activated imtomic absorption spectrophotometer (Perkin

tryptone soy broth - TSB at 3 + 2°C for 18 h.  Elmer, Brookfield, CT). A standard calibration

A suspension of FOCFUmML® in 0.85% saline curve was made with KCI solutions.

solution was prepared and used as inoculum. All the experiments were performed in two sets, in
duplicate and the data expressed as the average of
the results.
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RESULTS

Concentrations up to 30Qug mL' eugenol

407

used as eugenol diluent on the growth lof
monocytogenesvas examined and it was found
that the addition of up 1000y mL* ethanol to the

extended the lag phase but did not cause changeBG broth did not cause any changes in the growth
in the final ORy, of cultures ol. monocytogenes curve of L. monocytogenegdata not shown). In
(Fig. 1). No growth was detected in PPG brottorder to verify if eugenol was bacteriostatic or

with 800 or 1000ug mL* eugenol over 48 h bactericidal,

the viable cell number was

incubation and some decreased ing@ihdicating determined.

cell lysis was found at highest
concentration (Fig. 1)The influence of ethanol
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Figure 1 - Growth of Listeria monocytogeneScott A at 37°C in proteose pepton broth
containing eugenol#() Control; @) 100pug mLY; (A) 300 ugmL™ (e) 500 ug
mL™; (x) 800pg mL™; (o) 1000pg mL™.

The bactericidal effect of eugenol was evidenced
at 800 ug mL* when a reduction of viable
counts ofL. monocytogenesvas about 6 log
cycles after 10 h incubation (data not shown). At
the same time, no viable cells were detected in
the presence of 1000y mL™*. When cells were
maintained for 24 h at 37C in PBS buffer
containing 10qug mL™* eugenol, no Kwas lost.
However, in the presence of over 30 mL*
eugenol, an accumulation of external Was
observed (Fig. 2). Eugenol increased thedg
permeability of L. monocytogenesells in a
concentration-dependent way and the addition of
a bactericidal concentration of eugenol (800 and
1000pg mL™Y) greatly increased the released of
K* in PBS buffer.

The influence of eugenol on LLO activity was
also examined and it was observed that the
production of LLO was remarkably reduced
after 24 h incubation in the presence of eugenol

and complete inhibition was found with 50
mL™ (Fig. 2).

DISCUSSION
Previous studies demonstrated that clove has

listericidal effect and our results confirmed that
eugenol, a major constituent of essential oil of

clove, could respond to this effect. The
bactericidal  activity of clove against
foodborne

pathogens, likeL.monocytogenesvas reported
in TSB by Ting and Deibel (1992) and in saline
solution by Aureli et al(1992). Stecchini et al
(1993) sugested a marked reduction in the
number of Aeromonas hydrophilain meat
samples treated with clove oil. In combination
with NaCl, clove showed a bactericidal effect
upon Enterobacter aerogenesin mackerel
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muscle broth (Wendakoon and Sakaguchi,
1993). Clove extract at 2000g mL* showed
bactericidal activity  towards Yersinia
enterocoliticain TSB (Bara and Vanetti, 1995).
Eugenol was effective at reducing the growth of
L. monocytogenesn cooked beef stored at 5 or
15 'C (Hao et al 1998). Results presented by

Filgueiras, C. T. and Vanetti, M. C. D.

even at 4C. Bactericidal concentrations of clove
essential oil againdt. monocytogenewas 400
pug mLt at 4°C and 50Qug mL* at 35°C in TSB
broth. In full-fat cheese, clove oil was the only
oil, among four oils tested, which reducéd
monocytogenesiumber of 10 CFU mL* to <
1.0 CFU mL* (Smith-Palmer et al., 2001).

Smith-Palmer et al. (1998) established that the
essential oil of clove was among the most

applicable oil for the control of L.
monocytogenes as it retained their low
bacteriostatic and bactericidal concentrations
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Figure 2 - Effect of eugenol on LLO activity during growth bf monocytogenem TSB ()
and on potassium ions efflux in PBS buffa}.(

Potassium efflux could be used as an indicator dhe potential of eugenol
the membrane damage caused by chemical amionocytogeneis foods.
physical agents. It has been suggested that the

cytoplasmic membrane is also a target for eugenol

action and results evidencing the® Kefflux ACKNOWLEDGEMENTS
corroborated this hypothesis. This result was in

agreement with Degré and Sylvestre (1983) wha@he authors would like to thank the Conselho
considered that the probable antimicrobial activityNacional de Desenvolvimento Cientifico e
of eugenol was on cellular lipids resulting in theTecnolégico-CNPq for the financial support and
loss of intracellular contents. Eugenol was mor&€oordenacdo de Aperfeicoamento de Pessoal
effective in inhibiting LLO secretion than cellular pocente-CAPES

growth. Other inhibitory agents like sorbate and

NaCl were also more effective to inhibit LLO

secretion while having little effect on growth RESUMO

(McKellar, 1993).

Results from the present study indicated that o efejto inibitério do eugenol, o principal
monocytogenegrowth and LLO production wWeré constituinte do 6leo essencial de cravo, foi
sensitive to eugenol. Although it did not providegygliado sobre o crescimento e producdo de
support for establishing a link between eugenojsteriolisina O (LLO) poiListeria monocytogenes
and virulence, it contributed to the evaluation ofy efluxo de ions potassio das células também foi

in controlling..

Brazilian Archives of Biology and Technology



Effect of Eugenol on Growth and Listeriolysin O Bwuetion byListeria monocytogenes 409

determinado apos 24 h de incubacdo em solucirckellar, R. C. (1993)Effect of preservatives and
tamp&o, contendo eugenol. Concentragées de 100%_f0tWt_h factors ton SeCfﬁtign gfplistgﬁi;oggglga by
300 e 500pg mL! de eugenol promoveram a -'Stéria monocylogenes. J. 00d Frolged, 560-564.
inibicdo do crescimento de. monocytogenes, Menon, K. V. and Garg, S. R. (2001), Inhibitoryeeif

~ . 1 of clove oil onListeria monocytogenei meat and
em concentragoes _acima de 80 mL_ ’ cheeseFood. Microbiol, 18, 647-650.
constatou-se um efeito bactericida. O cresciment®angit, vv. A. and Shelef, L. A. (1994), Sensitivit§
de L. monocytogenesia presenca de eugenol |isteria monocytogenedo rosemary Rosmarinus
resultou na inibicdo de 80 a 100% da producéo deofficinalisL.). Food Microbiol, 11, 57-63.
LLO. O efluxo de K promovido pelo eugenol Pruthi, J. S. (1980)%pices and condiments: Chemistry
indicou que a membrana celular foi afetada. EstesMicrobiology, Technology New York: Academic
resultados indicam a efetividade do eugenol para oPress.

controle do crescimento e da produgéo de LLO po?rzith'P_aWS_r,l A, Ste_vvart,fJ.I and Fyfe, |I_ _(|1398),
L. monocytogenes ntimicrobial properties of plant essential oilsdan

essences against five important food-borne

pathogensLett. Appl. Microbiol, 26, 118-122.
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