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ABSTRACT

This study investigated the chemical compositiofivef different extracts aflloysia triphylla and their activity
againstAeromonassp. The extracts were obtained from the dried Iedwe pressurized CQextraction at 30, 50
and 70°C, and 100, 150, and 200 bar, and analy3e@®/FID and GC-MS. The antibacterial activity wassayed
by the microdilution method. The tested microoigians comprised sevekeromonasisolates obtained from the
kidney of infected silver catfisRhamdia quelenThe yield, chemical composition and antibacteaelivity of the
extracts were dependent on the extraction conditiddono and sesquiterpenoids were the major camstis of all
the extracts and the highest extraction yield watined at 78C and 200 barA. triphylla presented moderate
antibacterial activity againsheromonassp.

Key words: Aloysia triphyllg pressurized carbon dioxide extractideromonasp.

INTRODUCTION spasms, cold, fever, flatulence, colic, diarrhea,
indigestion, insomnia, and anxiety (Carnat et al.
Aloysia triphylla (L'Herit.) Britton [syn. Aloysia 1999; Pascual et al. 2001; Gomes et al. 2005). The
citriodora Palau, Lippia citriodora (Ort.) HBK, supply of Aloysia triphylla is from the
Verbenaceae] is cultivated mainly due to théMediterranean countries such as Morocco,
lemon-like scent emitted from its leaves and ifortugal, Italy, and France, as well as Southeaster
utilized for the preparation of herbal teaAsian countries. Some Latin American countries
(Argyropoulou et al. 2007) which is known to such as Chile, Columbia, Uruguay and Brazil also
have antispasmodic, antipyretic, sedative, angroduce and supply the leaves Af triphylla
digestive activity (Carnat et al. 1999; Valentdo efBandoni et al. 2008).
al. 1999; Pascual et al. 2001; Gomes et al. 2005)he conventional processes for extracting the
antimicrobial activity (Oskay et al. 2005) andterpenoids such as hydrodistillation and solvent
antioxidant properties (Pereira et al. 2007). Thigxtraction are usually inferior to supercriticalidl
plant has a long history of folk use to treat asthm extraction (SFE), mainly regarding selectivityislt
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well known that the SFE process makes use oh a knife mill, homogenized and the particles
mild temperatures, which avoids the degradationlassified in a sieve (Taylor series), excluding th
of thermo-sensitive compounds, and the low wateparticles smaller than 200 mesh, then stored in
content limits hydrolytic processes (Crabas et alight-protected plastic bags at °Gtin a domestic
2003; Wengiang et al. 2007). This extractiorfreezer.
method offers many important advantages over thEhe experiments were performed in a laboratory
hydrodistillation such as low energy cost and thecale unit (Mazutti et al. 2006). Basically, it
possibility of extraction optimization by changing consisted of of a C0(99.9% purity, purchased
the processing parameters such as temperatufgm White Martins) reservoir, two thermostatic
content of modifier (co-solvent), dynamic baths, a syringe pump (ISCO 260D), a 0.idm
extraction time and fine tuning the extractionjacketed extraction vessel, an absolute pressure
pressure (Khajeh et al. 2004). Moreover, the ustansducer (Smar, LD301) equipped with a
of carbon dioxide brings the additional advantageportable programmer (Smar, HT 201) with a
of being non-flammable, fairly non-toxic, cost- precision of + 0.12 bar, a collector vessel with a
effective, easily removed from the extractglass tube and a cold trap. About 25 g of dried and
following decompression (Scalia et al. 1999) andpowdered leaves dA. triphylla were loaded into
to a certain extent, solubilizes the lipophilicthe extraction vessel. The G@as pumped into
substances (Sahena et al. 2009). the bed at a constant flow rate of 2 g miwhich
The genureromonagsomprises a group of Gram- was supported by two 300 mesh wire disks at both
negative, facultative anaerobic bacteria that arends, and was kept in contact with the herbaceous
pathogenic to aquatic and terrestrial animals anchatrix for at least one hour to allow the system to
have also been associated with a wide spectrum stabilize. Afterwards, the extract was collected by
infectious diseases in humans and animalspening the micrometering valve and the ,CO
(Paniagua et al. 1999; Krzyminska et al. 2009)mass flow was recorded by the pump recordings.
The widespread distribution dferomonaspecies Then the extract was weighed, the glass tube was
in the aquatic environment combined with there-connected to the equipment, and this procedure
stress induced by intensive culture practicegvas repeated until no significant mass was
predisposes fish to infections (Saavedra et akxtracted. The extraction was completed within
2004). Aeromonas infection is a significant approximately 120 min, isothermally at desired
concern in aquaculture as it is often associategressure and temperature. An experimental
with high mortality and morbidity rates (Clermont factorial design using three temperatures (30, 50
et al. 2008). and 70°C) and three pressure levels (100, 150 and
In this context, the aim of this work was t0o200 bar) was established so as to assess the
investigate the influence of temperature andnfluence of process variables on the extraction
pressure on the extraction yield and chemicafield, extract composition and antimicrobial
composition of the extracts obtained by theactivity.
pressurized fluid extraction &. triphylla leaves. GC-FID and TIC analysis was performed on a
In order to determine the best parameters for plasarian gas chromatograph (Model CP-3800)
material extraction in terms of activity equipped with mass detector Saturno using a
optimization, the antibacterial activity of the capillary column fused silica VF-5 MS (Varian)
extracts againgkeromonasp was also evaluated. (30 m x 0.25 mm x 0.25 um). The conditions of
analysis included: injector 1177 (MS), 250°C, split
1:20 (FID and MS); injetor 1093 (FID), 250°C.
MATERIALS AND METHODS The flow of the carrier gas (He) was 1 mL/min
(both FIDand MS). The column oven temperature
The leaves ofAloysia triphylla were purchased was initially kept at 50°C for 4 min and then
from the local market of Santa Maria (RS, Brazilheated up to 280°C (increasing rate 4°C/min).
and identified by Dr. Gilberto Dolejal Zanetti |njection volume was 1“'— and the detector
(Department of Industrial Pharmacy, UFSM). Atemperatures were 200°C (MS) and 310°C (FID).
voucher specimen (SMDB No. 11169) wasThe GC-MS analysis was performed with
deposited in the herbarium of the Department ogletronionization (70 eV).
Biology, UFSM. Leaves were dried at 40°C in arhe constituents of the extracts were identified
ventilated drying oven and subsequently powderegased on the retention index (RI) determined by
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using a calibration curve of a homologous series cthe difficulty of solubilizing the extract in the
n-alkanes (&Csy) injected under the same broth.

chromatographic conditions of the samples an®ata are reported as the mean values + standard
fragmentation models of mass spectra. Both dai@eviations ¢). The homogeneity of variances
were compared with the literature (Adams, 20013mong the groups was tested with the Levene test.
and with the equipment'$brary (NIST, 1998) As the data did not present homogeneous
The quantitative data were obtained from the FlD/ariances, groups were compared kyuskal-
eletronic integration peak areas. Wallis test, followed by Mann-Whitney post hoc
The tested microorganisms comprised sevetests. All the tests were performed with Statistica
Aeromonassp. isolates obtained from the kidney5.1 (1997; StatSoft Inc., Tulsa, OK, USA). The
of infected silver catfishR. quelen The isolates minimum significance level was setmk 0.05.

were phenotypically identified by the conventional

methods to genus according to Quinn et al. (1994).

Inoculum suspensions were prepared as describ®ESULTS AND DISCUSSION

in CLSI M7-A6 protocol (NCCLS, 2003) by

diluting the scraped cell mass in 0.85% NaCIThe semisolid extracts obtained by the pressurized
solution adjusted up to 0.5 in the McFarland scal€0, extraction were light or dark yellow in color,
and confirmed by spectrophotometrical reading atimilar to the extracts oOcimum basilicumL.

580 nm. The cell suspensions were finally dilutedbtained by the supercritical carbon dioxide
to 5 x 10 UFC mL' to be used in the activity extraction (Lachowicz et al. 1997). Figure 1 shows
assays in microdilution plates, where each holéhe extraction kinetics for all the experimental
contained 200puL Mueller-Hinton broth and conditions. As commonly found for SFE of
different concentrations of the test extractsvegetable matrices, extraction kinetic curves were
Mueller-Hinton broth, methanol and bacterialcharacterized by a linear portion followed by the
inoculum were used as negative control. Fodecreasing and nearly zero extraction rates (Fig.
positive control, Mueller-Hinton broth and 1). The cumulative yield of the extracts increased
bacterial inoculum were added. The plates werap to 100-120 min, except at’@and 100 bar. As
incubated at 37°C for 24 h. seen from Table 1, the yield at this experimental
The different extracts were dissolved in methanotondition was significantly lower than those
at the ratio of 1:2. The final extracts concentragi  obtained under the other experimental conditions.
in the plates were: 25000; 12500; 6250; 3125Here, the extraction yield is defined as the weight
1562.5; 781.25; 390.62; 19581 mL™. The tests percentage of the extract in relation to the ihitia
were performed in duplicate. After the incubationload of the raw material in the extractor (Table 1)
period, all the plates containing Mueller-HintonAccording to Table 1 and Figure 1, the highest
broth were replicated and incubated at 37°C foextraction yield was obtained at 70°C and 200 bar,
24 h to evaluate the Minimum Bactericidalthus corroborating the positive influence of higher
Concentration (MBC). Minimum Inhibitory system pressures.

Concentrations (MIC) were not determined due

—— 100 bar, 30°C
| —O— 200 bar, 30°C
—w— 150 bar, 50°C
—4— 100 bar, 70°C
0,20 { —®— 200 bar, 70°C

Cumulative yield (g)

0 20 40 60 80 100 120 140
Time (min)

Figure 1 - Relationship between cumulative yields of the etrabtained from leaves @floysia
triphylla by supercritical fluid at different temperaturesigressures.
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Table 1 - Extraction yield and antimicrobial activity agat Aeromonassp. of the supercritical fluid extracts
obtained from leaves d@loysia triphylla

Temperature (°C) Pressure (bar) Yield" + 6 (Wt%) Minimum bactericidal concentration (ug mL™)
30 100 0.8 +0.007 1339.¢'
70 100 0.07 + 0.002 4464.
50 150 0.73 + 0.04 3125.6
30 200 0.91+0.05 1674.0°
70 200 1.13+0.03 1562.6¢

Means identified by different capital letters inlwons were significantly different (p < 0.05) astetenined by Kruskal-Wallis and Mann-
Whitney tests. * meaf o, n=2

These cause an enhancement of solvent powsfield, while the extract obtained at 200 bar
and system temperature, affecting the vapgoresented the highest cumulative yield.

pressure of the solute to be extracted (Khajelh et dt is well known that supercritical fluid extractio
2004). This result was in agreement with the besecovery and selectivity depends greatly on the
extraction yield obtained by the supercritical £O balance between the fluid density and solute vapor
extraction ofO. basilicumL., in which the highest pressure. For instance, the extracts obtained at
yield was obtained at the highest temperatur80°C and 100 bar (Table 2), 30°C and 200 bar
(50°C) and pressure (250 bar) (Mazutti et al(Table 3), 50°C and 150 bar (Table 4), and 70°C
2006). In the present study, at the highestnd 200 bar (Table 5) contained mainly
temperature chosen, 0, the pressure was really monoterpenoids (& compounds), which are
determinant for the extraction yield. Hence, thdipophilic compounds with low molecular weight,
extract obtained at 100 bar showed the smalleftllowed by sesquiterpenoids {&€ompounds).

Table 2 - Chemical composition of major compounds preserthe supercritical fluid extracts from leaves/Aof
triphylla obtained at 3 and 100 bar.

Compound RT RC RTIR %
Limonene 9.532 1036 1029 0.7
Tagetone 10.045 1052 1053 15
Linalool 11.577 1098 1097 1.2
Z-Citral 16.566 1244 1238 13.6
E-Citral 17.590 1363 1362 19.3
Z-Citral dimethoxy 19.106 1320 1318 0.8
Citronellyl acetate 20.055 1349 1353 2.5
Neryl acetate 20.463 1362 1362 0.9
Geranyl acetate 21.105 1381 1381 3.1
Total of monoterpenoids 43.6
E-B-Caryophyllene 22.462 1424 1427 5.6
a-Curcumene 24.363 1485 1481 11.0
y-Cadinene 25.383 1519 1514 1.2
a-cadinene 26.086 1543 1539 0.8
Z-Muurol-5-en-44-ol 26.502 1557 1552 1.2
Caryophyllene oxide 27.470 1590 1581 14.3
9-epiE-Caryophyllene-14-ol 29.732 1671 1670 0.7
Caryophyllene acetate 30.338 1692 1701 1.9
Acorenone B 30.553 1700 1698 15
2E, 6E Farnesyl acetate 34.152 1837 1847 21
8S-13-Cedranediol 35.247 1881 1880 2.1
Total of sesquiterpenoids 42.4
n-Octanol 10.236 1058 1068 0.7
Methyl butyl 2-methyl butanoate 11.773 1104 1100 0.7
Cinerolone 22.188 1415 1426 1.0
Total of constituents with no terpenoid structure 2.4
Total percentage of identified components 88.4

RT= retention time; RC= retention index calculated@iR= retention index reference; % = relative petage
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Table 3- Chemical composition of major compounds in thpesaritical fluid extracts from leaves éf triphylla
obtained at 3t and 200 bar.

Compound RT RC RTIR %
Limonene 9.336 1031 1029 86.0
Total of monoterpenoids 86.0
Total percentage of identified components 86.0

RT= retention time; RC= retention index calculateéd@iR= retention index reference; % = relative petage

Table 4 - Chemical composition of major compounds preserthe supercritical fluid extracts from leaves/Aof
triphylla obtained at 5T and 150 bar.

Compound RT RC RTIR %
Z-Citral 16.545 1244 1238 12.6
E-Citral 17.571 1274 1282 16.3
Geranyl acetate 21.091 1381 1380 2.7
Total of monoterpenoids 29.1
p-Caryophyllene 22.436 1424 1418 6.5
a-Caryophyllene 23.580 1460 1451 1.8
Aromadendrene 23.709 1464 1460 0.9
Germacrene D 24.163 1479 1474 2.4
a-Curcumene 24.340 1484 1481 1.2
-Elemene 24.810 1500 1482 1.8
S-Himachalene 25.179 1512 1494 1.1
r-Cadinene 25.357 1518 1514 0.8
p-Cadinene 25.483 1522 1519 0.9
a-Muurolene 26.060 1542 1537 1.6
Isoaromadendrene epoxide 27.248 1582 1579 1.0
Total of sesquiterpenoids 26.0
Squalene 54.399 2929 2914 114
Total of triterpenoids 11.4
Octadecyne 34.133 1836 1828 3.0
2-Methyl-7-octadecyne 35.255 1881 1863 1.4
Linoleic acid, ethyl ester 41.976 2169 2166 2.1
Heptacosanol 57.088 2938 2948 9.5
Total of constituents with no terpenoid structure 16.0
Total percentage of identified components 82.5

RT= retention time; RC= retention index calculateéd@iR= retention index reference; % = relative petage

Both groups are the main constituents of the mosemperatures involved (Silva et al. 2010). Skéld et
essential oils and are easily extracted bwl. (2006) also described the oxidation of
hydrodistillation, as they are generally volatile. caryophyllene when exposed to air, yielding the
the extracts obtained at 100 bar and@G(@Table corresponding oxide. However, their findings did
2), 150 bar and 3C (Table 4), and 200 bar and hot explain the fact that only one extract contdine
70°C (Table 5), the monoterpenoid citral were thdarge amounts of caryophyllene oxide, since the
major component, while in the extract obtained aéntire plant material was processed in the same
200 bar and 3@ (Table 3), only one constituent, Way prior to extraction. There was no report in t_he
the monoterpenoid limonene was detectecliterature about this compound as an artifact ayrin
Limonene has been extensively investigated duthe supercritical qui_d extraction process. However
its application in the flavor and fragrancec@yophyllene, which has been considernesl
industries (Erasto and Viljoen 2008) as well as itsPrecursor, was detected in three of the five eidrac
medicinal potential (Bakkali et al. 2008; Yoon etobtained (see Tables 2, 4, and 5).

al. 2010). However, the extract obtained at 70°(AS regards the numt_)er of constituents detected by
and 100 bar (Table 6) showed the presence of hi¢GC. the extract obtained at 70°C and 200 bar was
amount of caryophyllene oxide, a compound wittthe richest one, with 29 different compounds
sesquiterpenoid  structure  which  has bee(Table 5), followed by the extracts obtained at
considered to be an artifact produced during th90°C and 150 bar (27 compounds, Table 4), and at
distillation as a consequence of the relativelyhhig30°C and 100 bar (23 compounds, Table 2).
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However, for the extracts obtained at 30°C ancaryophyllene oxide, respectively (Tables 3 and
200 bar and 70°C and 100 bar, only one¢b).
constituent was detected, limonene and

Table 5— Chemical composition of major compounds preserhé supercritical fluid extracts from leaves/of
triphylla obtained at 74T and 200 bar.

Compound RT RC RTIR %

Limonene 9.336 1031 1029 2.0
p-Mentha-triene 9.675 1071 1085 0.5

Z-Citral 16.572 1244 1238 15.3

E-Citral 17.605 1275 1282 17.8

a-Cubebene 21.024 1349 1345 0.8

Geranyl acetate 21.121 1382 1381 2.5
Total of monoterpenoids 38.9
a-Caryophyllene 23.586 1457 1466 1.2
(-)-allo Aromadendrene 23.713 1464 1460 1.0
Germacrene D 24.189 1479 1474 3.0
a-Curcumene 24.367 1483 1481 2.0
-Elemene 24.827 1500 1482 2.8
S-Himachalene 24.954 1504 1494 5.5
y- Cadinene 25.370 1518 1514 6.1
(-) p-Cadinene 25.497 1523 1519 2.2
a-Muurolene 26.063 1542 1537 1.2
Caryophyllene oxide 26.607 1561 1581 5.3
Hexahydro farnesyl acetone 34.351 1845 1833 2.4
Total of sesquiterpenoids 32.7
3-Octadecyne 34.143 1837 1828 9.7
(9,12) — Hexadecadienoic acid 35.246 1880 1894 3.0
methyl ester

Total of constituents with no terpenoid structure 12.7
Total percentage of identified components 84.3

RT= retention time; RC= retention index calculated@iR= retention index reference; % = relative petage

Table 6 - Chemical composition of major compounds presarthée supercritical fluid extracts from leaves/of
triphylla obtained at 7 and 100 bar.

Compound RT RC RTIR %
Caryophyllene oxide 27.446 1590 1585 88.0
Total of sesquiterpenoids 88.0
Total percentage of identified components 88.0

RT= retention time; RC= retention index calculated@iR= retention index reference; % = relative petage

The chemical composition varied according to th temperature and pressure since different structures
experimental conditions, but some similaritieswere obtained at different extraction conditions
could be observed. A predominance of compounc(Tables 2, 4 and 5). The same method of extraction
with terpenoid structure was observed in all thalso presented variations in the extraction of
extracts. Monoterpenoids were the majocompounds of high molecular weight from
components in almost all the extracts and welTanacetum cinerariifoliumwhen using different
absent only in the extract obtained at 70°C and 1(temperatures and pressures (Marongiu et al. 2009).
bar (Table 6). Only the extract obtained at 50°(In a general sense, this work showed that it was
and 150 bar contained squalene, a precursor possible to select the most favorable conditioms fo
triterpenoids and steroids in the biosynthetiithe extraction of different terpene groups present
pathway of plants (Table 4). in the leaves ofA. triphylla. The qualitative and

It was also possible to obtain the compounds witquantitative differences observed indicated that th
a non-terpenoidic structure and a high moleculémain constituents of the extract could then be
weight, which seemed to be influenced by the
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chosen by adjusting the operating parameters sutfe supercritical fluid extraction as described in
as pressure and temperature. this work. This obstacle imposed by the Gram-
Three of the extracts from the leaves Af negative bacteria could have reduced the
triphylla (those obtained at 100 bar and 30°C andntimicrobial activity of the substances reported
at 200 bar and 30°C and 70°C) showed activityor this purpose such as limonene (Ozturk and
against Aeromonassp (Table 1). Antibacterial Ercisli 2006) and citral (Kim et al. 1995; Fisher
activity against another genus of Gram-negativand Phillips 2006). Although Gram-negative
bacterium Escherichia coli was previously bacteria are usually more resistant to plant-origin
described for the ethanolic extract &f triphylla  antimicrobials, Aeromonas hydrophilehas been
(Oskay et al. 2005). The essential oil of thisdescribed as the most sensitive one (Tajkarimi et
species also presented antibacterial activity agjainal. 2010).

four Gram-negative clinical isolates from theThe essential oil of A. triphylla showed

urinary tract infections (Rojas et al. 2010). antibacterial activity against different strains
The MBC values of the obtained extracts did no{Staphylococcus aureus, Enterococcus faecalis,
differ statistically among themselves, neverthelesEscherichia  coli, Klebsiella  pneumonjae

differences appeared with regard to the extractsbserving inhibition zones with diameters between
obtained at 50°C and 150 bar and also at 70°C afdand 19 mm and MIC values between 10 and 60
100 bar (Table 1), which showed a weakemg/mL, without activity againstPseudomonas
antibacterial activity. Probably this activity wasaeruginosa (Rojas et al. 2010). There was nho
due to the synergistic action of several componentctivity of the oil of A. triphylla obtained by
because most of them were present in smaflydrodistillation of the aerial parts of the plant
percentages. The present study did not analyze thgainstP. aeruginosa The antimicrobial activity
antibacterial activity of the isolated substancesgainst genito-urinary Gram-positive pathogens
from the extracts. However, considering thesuch asS. aureus(MIC > 18.75 mm) andE.
chemical class of the major components of eactaecalis(MIC > 17.75 mm) has also been observed
extract, it was observed that the extract with théor the essential oil ofA. triphylla (Rojas et al.
weakest antibacterial activity was the only one2010).

which did not have the monoterpenoids in itsAlthough it was not possible to assign the activity
composition. This result, obtained for the extrachgainst Aeromonas sp to a component in
produced at 70°C and 100 bar, indicated that thegarticular, oxygenated monoterpens such as citral
monoterpenoids were probably important for thevhich were present as a major component in three
antimicrobial activity of A. triphylla leaves of the obtained extracts, showed inhibitory effect
extracts againsheromonassp. The caryophyllene against Gram-negative and Gram-positive (Kim et
oxide, which was identified as the majoral. 1997) microorganisms and antibacterial activity
compound of this extract (Table 6), lacked thgKim et al. 1995; Fisher and Philips 2006;
antimicrobial activity against yeasts, Gram-Tajkarimi et al. 2010). Some monoterpenoids such
positive and Gram-negative bacteria afas citral have been tested as preservatives in fish
concentrations up to 171fg/mL (Silva et al. based food products in order to reduce the
2010). On the other hand, monoterpenoids areontamination and to increase the useful life of
recognized as food preservatives due theihese foods (Svodoba and Greenaway 2003; Burt
antimicrobial activity (Singh et al. 2010). 2004). Limonene also showed antimicrobial
The tolerance of Gram-negative bacteria such ativity against the food-borne pathogens, fungi
Pseudomonas aeruginosafor monoterpene and resistant strains of Gram-positive and Gram-
constituents in consequence of their outenegative bacteria (Singh et al. 2010; Tajkarimi et
membrane has been reported in the literatural. 2010). Citral and limonene have been
(Mann et al. 2000). This could be explained by theecognized by the regulatory agencies in the US
presence of a hydrophilic membrane in the outeand EU as safe for the use as food additive
portion of Gram-negative bacterial cell wall that(Tajkarimi et al. 2010).

blocks the penetration of hydrophobic substanceBhere are no reports regarding the antimicrobial
(Ozturk and Ercisli 2006), such as terpenectivity of the non-terpene compounds found
constituents that are part of the chemica(Tables 2, 4 and 5). This is probably because the
composition of essential oils (Ceylan and Funglants that present the terpenoids as secondary
2004) and were present in the extracts obtained byetabolites are generally superior in antimicrobial
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activity. However, the strength of this activity Antimicrobial susceptibility tests with plant
depends orexternal factors (Geiyd et al. 2005), extracts using the microdilution plate may have
including the agronomic practices anddrawbacks such as precipitation of some
methodology of extraction, which wouldter the components in the extract and adherence of some
chemical composition of the extracts andmicroorganisms to the bottom of the hole making
consequently influence their antimicrobial activityit difficult to analyze (Ostrosky et al. 2008).
(Delaquis et al. 2002). However, liquid medium was considered the best
In general, the antimicrobial effect of essentidl o medium for the evaluation of antimicrobial
is attributed to the g and Gs carbon terpenes activity using the natural compounds (Skandamis
with specific structural characteristics (Dormanet al. 2000). Methanol was used to facilitate the
and Deans 2000). Some of these terpene structuidissolution of the extracts in a liquid culture
alone are bioactive and can interfere with themedium and assess its minimum bactericidal
physical parameters of microorganisms such eactivity (data not shown). In the present work,
absorption and bioavailability (Svodoba et al.methanol showed no antimicrobial activity against
2006). The interaction between these terpenoiAeromonas The lack of antimicrobial activity of
structures and microbes, which ultimately inducemethanol had also been found in Gram-negative
the antimicrobial activity is not well understood.bacteria (Pinto et al. 2001). Celiktas et al (2007)
The inhibitory effect of such molecules as citralfound low antimicrobial activity of methanol for
and limoneng(Svodoba and Greenway 2003) isthe genusStaphylococcusand this activity was
generally explained by their interaction with theconsidered insignificant when compared to the
bacterial cell structural componeiiBelletti et al., essential oil tested.

2004) like the phospholipid bilayer of the cell

membrane, causing increase of permeability and

leakage of intracellular constituents that are oCONCLUSION

vital importance for the bacteria (Singh et al.

2002). Some monoterpene alcohols can lead thhe results obtained in the present work
inhibition of oxygen consumption, respiratory scientifically support the use of preparationsAof
electron flow and oxidative phosphorylation of thetriphylla, traditionally used to treat the bacterial
microorganism (Reichling et al. 2009). Terpenesliseases. However, the antibacterial activity was
can also transpose the bacterial membrane, causiinfluenced by the extraction conditions.

cell swelling, dissipation of pH gradients and

electric potential (Sikkema et al. 1994).
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