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ABSTRACT

The essential oil of flowers (FLCO) and leavesQl) of Lantana camara species growing in Egypt vadrgined

by hydrodistillation, and analyzed by GC/MS. Twesity constituents were detected in the FLCO repisg
95.33% of the total oil, and eighteen in the LLGEnesenting 95.56% of the total oil. The main citunsits were:
davanone (28.59%), z-caryophillene (11.21%), a-cumeene (10.26%), b-copaene and humulene (12.29%) in
FLCO, and Davanone (%23.37), E-caryophillene (229@nd humulene (14.32%) in LLCO. Both oils exhkibin
vitro antimicrobial activity against Bacillus cersuand Bacillus subtillus. Bioautography on thinday
chromatography plates demonstrated antimicrobiathef FLCO and LLCO with aR; values of 0.30 and 0.55. A
total of 7 compounds, 3 sesquiterpenoids (humuldengnone and caryophellen) were detected andifdehtising
gas chromatography—mass spectrometry analysis. Menyvetransmission electron microscopy micrographs
of tested B. cereus spores confirmed the effedtgest oils on morphological and ultra-structurétiesations in the
treated spores. Moreover, the oils showed modexat®xidant activity and this effect was increasgdncreasing
their concentrations. The significant antimicrob&dd antioxidant activities of both oils suggesttth could serve

in medical purposes, food and perfumery industries.

Keywords: Lantana cameraessential oil, antimicrobial and antioxidant aityi

INTRODUCTION

For thousands of years, it has been kwon that rakdgents and an impressive number of drugs haae iselated
and manufactured from natural sources. Recentéyctinsiderable research interest towards the disgaf new
antimicrobial agents has been initiated with spirgadirug resistant pathogens that are one of thet thoeats to
successful treatment of microbial diseases. Alstreiasing food borne diseases resulted from cortsumgf food
contaminated with pathogenic microorganisms or thierobial toxins [1,2], and increasing concern ovee
presence of chemical residue in foods and the derf@nnon-toxic natural preservatives stimulated thsearch
effort towards the development of natural alteneti[3].
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Medicinal and aromatic plants are considered a®a@d galternative source of natural preservatives eostly
antibiotics against which microbes are developiegistance rapidly. Most of the medicinal plants safe with
little or no side effects, cost effective and habdity to affect a wide range of antibiotic resist microorganisms
[4,5]. However, approximately 20% of the plantstire world have been submitted to pharmacological an
biological tests. The natural products extractednfthe medicinal plants play an important role iagdand natural
preservative development in the pharmaceuticalfaod industry, respectively [3.6,7,8].

Essential oils (EOs) are natural aromatic oily iitguextracted from plant material (flowers, budseds, leaves,
twigs, bark, herbs, wood, fruits and roots). EOtheir components have been shown to exhibit actial [6,7,9],
antiviral [9], antimitotic [10], antiparasitic [1,Lljpnd insecticidal [12] properties. Currently th©s are used (as
flavorings), perfumes (as fragrances and afterd)ased pharmaceuticals (for their functional préips). The
modern use of essential oils will be continuedrmngrapidly as health scientists and medical ptiacters continue
to research and validate the numerous health alidess benefits of therapeutic-grade essentia[b8s 14, 15].

Lantana camarda.. (Verbanaceae), commonly known as wild or regesas the most widespread species of this
genus and regarded both as a notorious weed aigudap ornamental garden plant [L&pntana camaral.. is
listed as one of the important medicinal plantshef world. Several reports have described antifufigg18] and
antimicrobial activities ofL. camara[19, 20]. In popular medicine, it is used as caative, antispasmodic,
antiemetic agents, and to treat respiratory inéestias cough, cold, asthma, and bronchitis [21]th&l parts of this
plant are traditionally used for several ailmemhsaves of the plant are antiseptic, antitumounadl antimicrobial
[22] whereas, roots are used in the treatment ddinaa rheumatism, and skin rashes [23].

Consequently, the objective of the present studyg twaevaluate the chemical composition and antamticand
antimicrobial efficacy of essential oils extracfeaim the leaves and flowers of Egyptieantana camaraAlso, the
effect of FLCO and LLCO oBacillus cereuspores was measured using transmission electramosobpy (TEM).

MATERIALS AND METHODS

1.Extracts preparation

The leaves and flowers déntana canmarawere obtained from the garden of Faculty of Aditicte, Cairo
University. A known amount (250 g) of each plamtrtpwere subjected to hydro-distillation for 3 hingsa
Clevenger-type apparatus. The obtained essentiatagsi dried over anhydrous pgO,, filtered and stored at -10 °C
in a sealed vial until tested and analyzed.

2.Gas chromatography/ mass spectrometry (GC-MS) anagys.

The analysis of the essential oils were performsithgt GC/MS system consisted of a HP 5890 serigga#l
chromatograph, HP 5972 mass detector. A TEMS-M8laapcolumn (75% cyanosilaxinine, 30 m x 0.25 mnh,
0.25 pum film thickness) was used with helium asdaeier gas, at a flow rate of 1.2 ml/min. GC ovemperature
was programmed at an initial temperature of 60%Gfmin, then heated up to 140°C at 5°C/min and bel140°C

for 5 min, then heated to 280°C at 9°C/min and Helds additional minutes. Injector and detectanperatures
were 250°C. Diluted sample (1/100, v/v in heptaok).0 uL were injected. Mass spectrometry was run in the
electron impact mode (El) at 70 eV. The componemi® identified based on the comparison of theirr&€ntion
times, interpretation of their mass spectra anditoad by mass spectral library search using theddal Institute

of Standards and Technology (NIST, 2010) datab24e25].

3.Antioxidant activity

3.1. DPPH scavenging assay

The ability of the essential oil to scavenge DPRHical was assessed as described by Tagashirataale(26].
Briefly, different concentrations of tested oil igeed 5-200 pg) in one ml of ethanol were added 3o of
methanolic DPPH (100 mmolf) solution. The mixtures were incubated in the dark27 °C + 1°C, then the
absorbance was measured at 517 nm for 90 min, atiddntervals, against a blank (pure methanolHTBBHA
and a-tocopherol (2—40 pg/mL) were used as referenaedatas. The radical scavenging activity of the esith
was calculated from a calibration curve. All testsre run in triplicate and averaged. The oil comegion
providing 50% inhibition (IG,) was calculated from a graph representing thebitibh percentage against oil
concentration. For the calculation of these valtisrosoft Excel software was used.
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3.2.p-Carotene-linoleic acid bleaching

The ability of the oils to prevent the bleaching3afarotene-linoleic acid was assessed as descripéthd EI Baky
and El Baroty [27]. An aliquof-carotene (0.2 mg) in chloroform (2 mL), linoleicié (30 uL) and Tween-20 (200
mg) were transferred into round-bottom flask. Otieesolvent was evaporated, 250 mL ultra-pure wagsr added
and the resulting mixture was stirred vigorousi®ne mL of each essential oil (containing 5—-200 [Lgbh 1%
Tween-20) was added to 50 mL reagent mixture, asttd samples were subjected to thermal auto-dcadat
50°C. At intervals up to 300 min, the absorbance ectien mixture (4 mL) was measured at 470 nm agans
blank (1% Tween-20 solution). All samples were dané¢riplicates. Antioxidant capacities of algaltects were
compared with those of BHT, BHA andtocopherol (at 2-100 pg i) and control. Inhibition of bleaching b-
carotene (I %) was calculated as follows: Inhibitmercentage (%) = (Algia —AbS sample/ ADSinitiar) X 100

3.3.TLC rapid antioxidant assay:

TLC plates were used to detect the most activetitoasts in both essential oils based on sprayiegseparated
compounds on TLC plates either wkcarotene/ linoleic acid reagent as described bg BbBaky and El-Baroty
[27] or with 0.05 % DPPH radical in methanol [2&],locate the antioxidant compounds. The protedigainst the
bleaching p-carotene gave orange spots, and scavenging DP&igalregave pale yellow colored spots were
considered positive results [29].

4 Antimicrobial assay

4.1. Indicator microorganisms

The microorganisms used as indicators to assagntagonistic effect of oil extracted from camara leaves and
flowers included three Gbacteria;Staphylococcus aureU@®TCC 25923),Bacillus cereusATCC 33018) and
Bacillus subtilistATCC 6633), three Ghacteria;Salmonella typhimuriunfATCC 14028)Escherichia coli(ATCC
8739) andPseudomonas aerogino$ATCC 9027) and two fungal strainaspergillus nigernrrl 326) andCandida
albicans (ATCC 10231) representing a mold and yeast straspectively A loopful of each bacterial strain was
added to 50 ml sterile nutrient broth in a 100 mhical flask. The flasks were then incubated atdpgmum
temperature (37°C fdBtaph aureus Sal typhimurium E. coli andPs aeroginosa and 30°C foB. cereusandB.
subtilis) overnight to activate the growtifthe same procedure was used to activate the grofvthngal strains
using different media; potato dextrose broth andcgge broth forAspergillus nigerand Candida albicans
respectively. The selected microbial strains wdrioed from the Microbiology labs, Cairo UniveysResearch
Park (CURP), Faculty of Agriculture, Cairo Univeysi

4.2.Screening of oil extracted fromL. camara for the antimicrobial activity

The antimicrobial effect of tested oils was evadgaemploying the disc—diffusion assay [30]. Filpaper discs of
oils and positive reference standards were screagaihst selected microorganisms. Table (1) shbesbsitive

reference standard used for each microbial type dils were emulsified in dimethyl sulfoxide (DMS®) a

concentration of 10 mg/ml. To carry out the disftudion assay, agar medium (1.5% agar) was inoedlatth 10%

v/v of bacterial or fungal culture broth. The deepaper disc with a diameter of 5 mm was saturaiigiel 13 pl of

the emulsified oil and placed on the inoculatedr agadium. The plates were incubated at the optinremperature
for each indicator strain and tested after 24, @@ a2 h. Growth inhibition was scored positive iegence of a
detectable clear zone around the disc.

Table 1. Positive antimicrobial reference standardised for each microbial type

Microbial Type Positive Reference Standard
Pseudomonas aeroginofaTCC 9027 Polymyxin (disc loaded with 130 units)
E. coli(ATCC 8739)

Sal. typhimuriun{ATCC 14028)
G' bacteria Penicillin G (disc loaded with 10 units)
Fungal strains Nystatin (disc loaded with 100 ynits

Ampicillin (disc loaded with 10 pg)

4.3. Quantification of the oail activity (Determination of MIC)

The antimicrobial activity of tested oils was quéetl by determination of minimum inhibitory condeation
(MIC) using the critical dilution assay and disdfasion assay [31]. The MIC was determined as theebt
concentration of tested oils inhibiting the visilgiwth of each microorganism on the agar plate dnulsified oil
was serially diluted two fold. The saturated digceach dilution was placed on the inoculated agediom as
mentioned before.
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4.4 Thin layer chromatography (TLC) and bioautography

A TLC bioautographic assay was used to detect th@ponents of oil extracted from both leaves and/dis ofL.
cammaraand to identify the most bioactive constituentaasbacterial agent [27]. Aliquot of 5 pl of easihwere
applied to 2 TLC plates (15 x 20 cm, silica gel8BF 254 Merck, Darmstadt, Germany). The plates wieea
developed with toluene-ethyl acetate (95:5, v/f)eTried TLC plates were then cut with a diamortd imree
strips. One of the strips was inspected under gktl{254 nm) and also by visualization with 1% Wamisulfuric
acid reagent and then heated at 110°C for 3 minséitond was used for the bio-autographic assale thie active
constituents on the third strip were eluted witkdre for GS/MS analysis. Modified contact bio-auéqdy is used
to identify the antimicrobial constituents sepadld®m the tested oils agairBacillus cereusandBacillus subtillis
In contact bio-autography, the antimicrobials difufrom the TLC plate to an inoculated agar pldtke
chromatogram is placed face down onto the inocdlaigar layer and left for some minutes or hourgnable
diffusion. Then, the chromatogram is removed ardathar layer is incubated. The inhibition zonesodr®gerved on
the agar surface in the places where the spotsitihiarobials are stuck to the agar. In modifiechta@t bio-
autography applied in this study, the chromatogveas placed face down on inoculated agar layer supghted
with 0.1% iodonitrotetrazolum chloride reagent. ithéhe inoculated medium was incubated at 30°Chaowit
removing the chromatogram. After incubation for4Bth, the inhibition zones (light yellow circle) meshown as
clear areas against a pink background. TLC zoregsstiowed inhibition activities of the third stopthe TLC plat
were scraped from the plates and eluted with diohhethane, filtrated, concentrated by nitrogen fma volume
of 10 ul and analyzed by GC/MS [5,7].

5.Effect of extracted oils onBacillus cereus spores

The effect of FLCO and LLCO oBacillus cereusspores was conducted using transmission electioroseopy
(TEM). Bacillus cereusvas grown imutrient broth supplemented with both oils in acamtration of 2.5 and 5.0
mg /ml, respectivelyand incubated at 30°C for 24 h. The control samplere prepared similarly without any
treatment. The spores were collected after cegtifon at 4000 rpm for 10 minutes at room tempeeatfixed in
glutaraldehyde and osmium tetroxide, dehydratediéohol and embedded in an epoxy resilicrotome sections
prepared at approximately 500-1000 pum thicknesh witeica Ultracut UCT ultramicrotome. Thin sectomere
stained with tolodin blue (1X) then sections wexareined by camera Leica 4¢HD. Ultra thin sections, prepared
at approximately 75-90pum thickness, were staineth wiranyl acetate and lead citrate then, examingd b
transmission electron microscope JEOL (JEM-1400 TBMhe candidate magnification. Images werewagtby
CCD camera model AMT, Optronics camera with 1632682 pixel format as side mount configuration. sThi
camera uses a 1394 fire wire board for acquisition.

6. Statistical analysis

All results are expressed as mean values +S.Dsfitat differences between experimental groupsvesssessed by
analysis of variance (ANOVA) using the COSTAT teafre package (Cohort Software, CA, USA). The main
values were compared with LSD test (P < 0.05).

RESULTS AND DISCUSSION

1.Chemical composition ofLantana camara essential oil

The chemical composition of the obtained essentigrom flower and leaves dfantana camarare presented in
Table 2. The components are listed in order of thieition on the column. Twenty six compounds wdentified in
FLCO representing 94.5% of the total oil. The oidsvfound to be containing 17 sesquiterpenoids §6p.1
compounds: davanone (28.59%), z-caryophillene (P4)2 b-curecumene (10.26%), E-caryophillene (8.0386)
copaene and humulene (12.29%). The similar profds obtained for LLCO, which it containing high qtity of
sesquiterpenoids (91.86%) compounds. Of which, mava (%23.37), E-caryophillene (22.96%), humulene
(14.32%) Z-caryophillene (8.18%-curcumene (6.33%) and b-copaene (4.43%) were teéeteelowever, the
composition of the both LLCO and FLCO oils are elifint from the chemical composition of the esskwtia
obtained from species growing in different orgdnscamaragrown in different location in Brazil was found be
differing in oil composition. Accordingly, oil fromAnjouan (Comoro Archipelago) contained mainly hleme
(22%) and caryophyllene (15%), whereas, oil fromumen, caryophyllene (35%) andiavanone (15%) were
identified as major constituents. Also, oil sampiesn Benin, Madagascar and Central India were nvarégble
both in the relative amounts of these constitu¢d®$. The main compounds of essential oilLofcamaraaerial
parts, that were grow in France containing: campld®s), germacrene D (16%fyans-pinocarveol (11%)-
selinene (9%)p-caryophyllene (8.9%) and Artemisia ketone (3%)erBfiore, the geographic location, agro-climatic
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condition (climatic and seasonal), stage of matuetlaptive metabolism of plants, distillation citinehs, the plant
part analyzed and some other factors had gredtlyeimces on the type and concentration of the rmairstituents
[13, 27,33].

2.Antioxidant DPPH scavenging activity

The antioxidant activity of FLCO and LLCO oils orPPH radicals scavenging was conducted to thouggit th
hydrogen donating ability. DPPH is stable free catli and accept an electron or hydrogen radichleome a
stable diamagnetic molecule. Both FLCO and LLCOsbibwed a moderate scavenging ability against DRI
concentration dependent manner. The, Nalues were found to be 55.43 and 48.86ml, respectively (Fig. 2).
Therefore, antioxidant activity of both oils may Hae to the hydrogen donating ability. However,i@atant
activity of both oils was less that of standardi@ttiants @-tecophrol 17.231g/ml, BHT 15.28ug/ml and BHA
12.367 pg/ml). It is known well that these antioxidant comopds had a high antioxidant activity, due to hgity

to donate a hydrogen atom to a free radical, #ratinating free radical reaction [13, 34].

3.Antimicrobial activity of L. camara leaves and flowers oil

The currently available screening methods for thtection of antimicrobial activity of natural prozts fall into
three groups, including diffusion, bioautographid alilution methods. The bioautographic and diffasmethods
are known as qualitative techniques since thesédadstwill only give an idea of the presence or abseof
substances with antimicrobial activity. On the othand, dilution methods are considered as quénttassays as
they determine the minimal inhibitory concentrat|86].

The antimicrobial activity of.. camaraleaves and flowers oil is shown in Table 3. ABtel G bacteria, fungi and
Staphylococcus aureuUSTCC 25923 were resistant to oils extracted froothbleaves and flower©n the other
hand,B. subtilis(ATCC 6633) andacillus cereugATCC 33018) were susceptible to the tested oils.

The flowers oil was considered to be the most &ffedhan the corresponding leaves oil agaBissubtilis since
the largest inhibition zone (&, 11+0.50 mm) and highest MIC value (1.25 mg/ml) were determinedhwtite
flowers oil, whereas the smallest inhibition zo@ 8.3+1.53mm) and the lowest MIC (5 mg/ml) wer¢éedmined
with the leaves oil.

For B. cereus the flowers oil showed the higheisthibitory effect comparing with leaves oil with alue of
inhibition zone (&) of 10.3+0.53 an8.0 mm, respectively, whereas the highest MIC va® mg/ml) was
recorded with the leaves oil.

The resistance of Gacteria to the tested oils as antimicrobial ag&rds obvious, as these bacteria have a unique
outer membrane that determines permeability andestibility of the cells to certain drugs and aidflrs [36].
Several new antibacterial agents are currently Idpeel in view of ever increasing the bacterial s&sice to
existing drugs. New phytochemical sources presgrdaimtimicrobial activity and low toxicity could ke potential
alternative. Antibacterial activity of.. camarahas been demonstrated against phytopathog@mithomonas
campestris[37]. Crude extract of. camararoot has been found to be active aga8taphylococcus aureus,
Bacillus cereusandCladosporium sphaerosperui@?2]. Essential oil of much aromatic plant has bpesved to be
antimicrobial agent [9,13,38].

4.Bioautography

As shown in Fig. 3A and B, clear inhibition zonesmbserved againgt subtilliswith an Rvalue of 0.30 and 0.50,
suggesting that the substances responsiblanfiimicrobial activity are monoterpine and sesquterpinoid camstits

in both oils. The antibacterial zones were elutemnf TLC plates and detected with GS/MS. Based an th
interpretation of mass spectrums, in FLCO the bbkrwhted at Rf 0.3 contained mainly citral (49.89%6)d
terpinene-4-ol (14.64%), whereas citral (42.56%) davanone (39.47%) were identified as major ctuestit in
0.50 Rf band. In LLCO bands at 0.30 and 0.50 vetraracterized by present of citral (69.21%) andhspanol
(14.24%), and citral (34.71%), caryophyllene 0x{88.41%) and davenone (15.46%) as promenade aoeTsit
These compound have been reported in literature aatimicrobial activities [27,38].
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Table 2. Qualitative and quantitative compositiorof Lantana camara leaf and flowers essential oils.

Components Relative area %

Flowers Leaf
a-Pinent 0.12 0.38
Sabinene 0.06 133
p-Pinene 0.5 1.03
a-Terpineo 0.29 0.0
a-Copaen 0.80 0.0
p-Elemene 0.27 0.0
p-Patchoulene 0.52 2.3
y-Patchoulene 0.85 0.0
E-Caryophyllene 8.03 22.96
Z-Caryophyllene 11.21 8.18
a-Curcumen 10.26 6.33
B-Copaene 11.38 4.43
Humulene 12.29 14.32
o-Elemen 3.55 1.99
p-Elemene 2.89 351
o-Farnesene 0.02 0.00
p-Bisaholene 0.62 0.34
(-) Caryophyllene oxide 0.47 0.99
B-Guaien 0.86 0.34
Davanone 28.59 23.37
B-Curcumen 0.32 0.65
P-Menth-3-ene-9-ol 0.40 1.07
a-Cadino 0.33 0.00
Iso-Caryophillene 0.60 0.00
t-Nerolidol 0.00 1.05
Caryophyllene acetate 1.10 0.00
Total of identified compounds % 95.33 95.56
Monoterpene 0.97 2.74
Sesquiterpenes 94.36 91.81
Qil yield (g/100 g) 0.42 0.56

#|dentification based on retention time authendimple and mass spectrum ¢
b Trace: relative area % is less than 0.05%.

5.Effect of extracted oils onBacillus cereus spores

The microbial mode of action of tested oils waserkpented foBacillus cereushecause of its importance as one
of the causative agents of food poisoniBgcillus cereuss responsible for a minority of food poisoning-$26),
causing severe nausea, vomiting and diarrBeailluscereusfood poisoning occurs due to survival of the baate
endospores when food is improperly cooked. Cookiegnperatures less than or equal to 100 °C all@vs
cereusspores to survive. This problem is magnified wHend is then improperly refrigerated, allowing the
endospores to germinate with production of entefoto
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Table 3. Antimicrobial activity of oils extracted from Lantana camara flowers and leaves

Microorganism

Diameter of inhibition zone (mm)
Flowers oil Leaves oil  Positive control

Staphylococcus auredsTCC 25923 R R 16.7+0.58
Bacillus cereu ATCC 3301¢ 10.3+0.5: 8.00.( 10.041.(
Bacillus subtilisATCC 6633 11.0+0.50 8.3+1.53 8.0+0.0
Salmonella typhimuriulPATCC 14028 R R 13.7+£0.58
Escherichia co ATCC 1940: R R 14.7+0.5¢
Pseudomonas aeruginosd CC 9027 R R 12.0+1.0
Aspergillus nigemnrrl 326 R R 10.0£0.0
Candida albican ATCC 1023: R R 13.740.5¢

R, resistant
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Fig 2: Scavenging activity ofLantana camara leaves and flower essential oils on DPPH

Bacillus cereuproduces two different types of enterotoxins. Toenmonest is the emetic or vomiting toxin,
cereulide. This toxin causes nausea and vomitiogieimes accompanied by abdominal cramps and dgrrh
Symptoms do not usually last for more than 24 hauaxscomplications are rare. Foods involve®irereusemetic
food poisoning cases are usually starchy, suchodedbor fried rice, potatoes, pasta and noodldwe ®xin is
extremely heat-stable and withstands cooking.

The second type d@. cereudoxin is an enterotoxin causing a diarrheal tgfefood poisoning. At least two
different enterotoxins have been identified, a halgsin and a non-haemolytic enterotoxin. Symptomdude
watery diarrhea, abdominal pain and occasional tiogiRecovery typically takes place within 24 hauFoods
associated with this form of food poisoning areie@yrbut include meat and vegetable dishes, soupsalcesB.
cereusenterotoxins are acid-labile and easily destrdyeteating.

The mode of action of FLCO and LLCO @& cereusspores was detected using TEM. The spores were TEM
imaged after treating with leaves and flowers mikiconcentration of 2.5 and 5.0 mg / ml, respebtiat 30°C / 24
h (Fig. 3).

The spore preparations examined by TEM as a cordualaled that the spores were structurally typitaky have
fully developed distinct layers; cortex, spore caatl exosporium (Fig. 3A). As shows in Fig. 3, theCO had a
strong effect on the spore structure as comparitiy tve FLCO. The treatment with LLCO resulted icamplete
destruction of the spore core and layers (Fig. & & F). Almost all spores looked less structurg.(BiG). The
FLCO had a slighter effect on the spore structakegr distortion of the spore layers. The exosporivas either
malformed (Fig. 3B) and/or dissolved (Fig. 3 C).r Fther cases, the spore core itself looked abrlorogsng
thinner and elongated (Fig. 3 D).

ICso.cconcentration (ug/ml) for a 50% inhibition wasdaulated from the plot of inhibition (%)fromhe plot of
inhibition (%) against_antana camara leaves and flower essential oils concentratiostd evere carried out in
triplicate.

Since, the exact of antimicrobial mechanism of efakoils have not been completely elucidated. Heev, Farag
et al. [33] and Daw et al. [38] proposed that lipitipity or Hydrophobicity and chemical structurEessential oil or
their main compounds such as the presence of madtpolar groups and aromaticity could play andntgnt role
for the antimicrobial activity, which enable themgartition the lipids of the bacterial or fung&llomembrane and
mitochondria, disturbing the cell structures anddexing them more permeable which will lead to dgaB, 39].
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Thus, as can be seen from Figure 2, some the majpponents present in FLCO and LLCO could be patesthe
membrane of the microorganisms and react with tieenbmrane enzymes and proteins as well as phospi®lipi
bilayer, which cause an impairment of microbial yéneg system and/or disturb genetic material funetiibyn
[9,27,29,33,40]. However, Bang et al. [41] reporthdt volatail constituents may inhibit the micralbcell-well
synthesizing systems through the reaction withhydifo groups (-SH) present in active site of theaseymes.

This study high light on the potential use of flovaad leaves dfantana camarassential oils in ethno-medicine as
a preventer of cellular damage, and in food indestas preserver against spoilage bacteria and. fung

Exosporiun

Cortey

Spore cox

Spore cor

Control (untreated spores)

Spores treated with flowers oil

Spores treated with leaves oil

Fig. 3. TEM micrographs present ultra — structure d treated and untreatedB. cereus spores; A: typical ultra-structure of untreated
spores, B, C and D: spores treated with flowers oiE, F and G: spores treated with leaves oil
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