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ABSTRACT

The ohjective of the research was to determine the chemical compositions and antibacterial and
antifungal activity of essential oils from 4 medicinal plants consist of Mentha piperita, Mentha
spieata, Anethum graveolens and Foeniculum vulgare. Antibacterial and antifungal activity of
these oils and their components were assayed against a variety of human pathogenic bacteria,
Main components in Mentha piperita oil were menthel, limonene, 1,8-cineole, sabinene, menthyl
acetate and menthone, in Mentha spicata oil carvone, menthol, limonene and menthone, in
Anethum graveolens leaves ail g-phellandrene, Dill ether and B-phellandrene and in Foeniculum
vulgare oil terpin-4-ol, t-anethole, fenchone and estragole. Present results showed that oils
extracted from leaves of Anethum graveolens and Foeniculum vulgare plants did not show
antibacterial or antifungal activities. Mentha piperita showed strong antibacterial and antifungal
activities, however, lower than Mentha spicata. Carvone possessed the highest antibacterial and
antifungal activity among the tested components. Essential oils of Mentha species possess great
antibacterial and antifungal potential and could be used as natural preservatives and fungicides.

Key words: Mentha piperita, Mentha spicata, Anethum graveolens, Foeniculum vulgare,
antifungal activity

INTRODUCTION

Medicinal plants have pharmaceutical and antibacterial properties (Bari et al., 2010). Essential
oils obtaining of different parts of Medicinal plants such as leave and seed {(Ahmad et al., 2005;
Ganjewala and Luthra, 2007a, b; Reza and Abbas, 2007; Swamy and Rao, 2008; Soltan et al.,
2009; Fortes et al., 2011; Ismail et al., 2011; Louis et al., 2011; Patra, 2011; Upadhyay and
Patra, 2011; Onocha et al., 2011). Antimicrobial properties of essential oils obtained from aerial
parts and seeds of aromatic plants such as rosemary (Rosmarinus officinalis) and dill (Anethum
graveolens) are well documented (Singh et al., 2002; Delaquis ef al., 2002; Ruberto et al., 2000;
Lo Cantore et al., 2004). Various studies have been published, investigating the antifungal and
antibacterial activities of plant derived compounds against a range of pathogens (Tassou ef al.,
2000; Friedman et al., 2002; Momtaz and Abdellahi, 2010; Ara et al., 2009; Manikandan et al.,
2011; Rahman et al., 2011; Ouattara et al., 2011). Mentha piperita and Mentha spicata used in the
treatment of flatulent dyspepsia and intestinal colic due to its carminative and antispasmodic
properties (Newall ef al., 1996). Ihll (Anethum graveolens) is from the family Umbelliferae and 1s
an annual herb growing to a height of 1.5 m (Abed, 2007). Major compounds found in the essential
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ol of dill includes furanocoumarin, 5-(4”-hydroxy-3"methyl-2"-butenyloxy)-6,7-furocoumarin,
oxypeucedanin, oxypeucedanin hydrate and falcarindiol, all of reports indicated they have various
degrees of antimycobactetial activity (Stavri and Gibbons, 2006). Fennel (Foeniculum vulgare) also
belongs to the same botanical family, Umbelliferae. Extracts from fennel plant has been used as
an antispasmodic, diuretic, analgesic and antipyretic and has antimicrobial properties; it can also
be wused for skin disorders, conjunctivitis and blepharitis of the eye (Ruberto et ai., 2000,
Ozbek et al., 2003). Moreover, screening of such plant extracts for antimicrobial and antifungal
activities has always been of great interest to scientists looking for new sources for drugs for the
treatment of various diseases (Oka et al., 2000). In this study, antimicrobial and antifungal activity
of two Mentha species, Dill and Fennel oils was examined using different bacteria and fungi
species. In addition, were determined chemical compositions of volatile constituents.

MATERIALS AND METHODS

The leaves of Mentha piperita, Mentha spicata, Anethum graveolens and Foeniculum vulgare
have been collected during March-April 2010 in Iran (Ilam: Elevation 1339 m, Latitude Kast
33.638, Longitude North 46.431) then the plants were isolated from the other specimen and
conserved for extraction. The essential oils were extracted by hydrodistillation using an apparatus
of Clevenger. For this, mixing 250 g of plants was used in 1600 mL of distilled water the extraction
took 3 h. After filtration the solvent was eliminated by reduced pressure distillation in rotary
evaporator and pure oil was stored at 4°C in obscurity till the beginning of analysis. GC analysis
was performed, using a Shimadzu GC-9A gas chromatograph equipped with a DB-b fused silica
column (30 mx0.25 mm i.d., film thickness 0.25 um). The oven temperature was held at 50°C for
5 min and then programmed to 250°C at a rate of 3°C min™!. Injector and detector (FID)
temperatures were 290°C; helium was used as carrier gas with a linear velocity of 32 em sec™. The
percentages were calculated by electronic integration of FID peak areas without the use of response
factors correction. Linear retention indices for all components were determined by co injection of the
samples with a solution containing homologous series of C,-C,, n-alkanes. GC-MS analyses were
carried out on a Varian 3400 GC-MS system equipped with a DB-5 fused silica column
(30 mx0.25 mm i.d.); oven temperature was 40-240°C at a rate of 4°C. Transfer line temperature
was 260°C. Carrier gas was helium with a linear velocity of 31.5 cm sec™!, split ratio 1/60. In
addition, ionization energy was 70 eV, scan time 1 sec and mass range 40-300 amu. Identification
of components in the oil was based on retention indices relatives to n-alkanes and computer
matching with the WILLEY 275, L library, as well as by comparison of the fragmentation patterns
of mass spectra with those reported in the literature (Adams, 2001). The chromatographic
conditions were 1dentical to those used for GC analysis.

Tests for antibacterial activity: The microorganisms used in the present study were 6 g positive
(Staphylococcus aureus, Bacillus cereus, Bacillus megaterium, Bacillus subtilis, Micrococcus luteus
and Streptococcus-B-haemolyticus) and 9 g negative (Salmonella typht, Shigella dysenteriae,
Shigella shiga, Shigella sonnet, Shigella boydii, Escherichia coli, Klebsiella sp., Fseudomonas
aeruginose and Proteus sp.) human pathogenic bacteria as well as eight pathogenic fungi
(Aspergillus fumigatus, Aspergillus niger, Aspergillus flavus, Vasin factum, Mucor sp., Candida
albicans, Fusarium oxysporum and Colletotrichum faleatum). The antibacterial assays were carried
out. by the disc-diffusion (Verpoorte ef «l., 1983) and microdilution method (Daouk et «l., 1995;
Hanel and Raether, 1988; Espinel-Ingroff, 2001) in order to determine the antibacterial activity
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of oils and their components against the human pathogenic bacteria. The bacterial suspensions
were adjusted with sterile saline to a concentration of 1.0x10° CFU mL~ ! The inocula were
prepared daily and stored at +4°C until use. Dilutions of the inocula were cultured on solid medium
to verify the absence of contamination and to check the validity of the inoculum.

Disc-diffusion test: Compounds were investigated by the disc diffusion using 4 mm filter discs.
Bacteria were cultured overnmight at 28°C in LB medium and then adjusted with sterile saline to
a concentration of 1.0x10° CFU mL™'. The suspension was added to the top of agar (6 mL) and
dissclved in Petri dishes (2 mL agar* plate) with solid peptone agar. Filter dises with essential cils
and main components (1.0 ug mL™") were placed on agar plates (1 disc per agar plate). The fungi
were grown in Potato Dextrose Agar (FDA) and/or Nutrient agar media. After 24 h of incubation
at 28°C for bacteria or at 25°C for fungi the diameter of the growth inhibition zones was measured.
Streptomycin was used as a positive control and 1 pli was applied to the dises from stock sclution
(1 mg mL™"), whereas, antifungal drug is Nystatin at 50 ug disc™'. All tests were done in duplicate;
Three replications were done for each o1l and for each component (Sokovic ef al., 2007).

Microdilution test: The minimum inhibitory and bactericidal and fungicidal concentrations (MICs
and MBCs) were determined using microtitre plates. The bacterial suspension was adjusted with
sterile saline to a concentration of 1.0x10° CFU mL™%. Compounds to be investigated were dissolved
in broth LB medium (100 uL) with bacterial inoculum (1.0x10* CFU per well) to achieve the wanted
concentrations (0.02-15.0 ug mL™). The microplates were incubated for 24 h at 28°C. The lowest
coneentrations without visible growth (at the binocular micrescope) were defined as concentrations
that completely inhibited bacterial growth (MICs). The MBCs were determined by serial
sub-cultivation of 2 uL intoe microtitre plates containing 100 uL of broth per well and further
incubation for 72 h. The lowest concentration with no visible growth was defined as the MBC,
indicating 99.5% killing of the original inoculum. The optical density of each well was measured
at a wavelength of 655 nm by microplate manager 4.0 (Bio-Rad Laboratories) and compared with
a blank and the positive control. Streptomycin was used as a positive control using the same
concentrations as in the disc diffusion test, whereas antifungal drug is Nystatin at 50 pg dise™.
Three replications were done for each cil and each component (Sokovic ef al., 2007).

RESULTS AND DISCUSSION

The results of the chemical analyses of essential oils are presented in Table 1. In Mentha
spicata, 25 volatile constituents, representing 96.45% of the total composition, were identified in
the leaves ails (Table 1). The most abundant components found in the leaf o1l were p-myrecene
(4.01%), followed by limonene (10.1%), 1,8-cinecle (£2.16%), menthon (24.14%), menthol (5.12%)
and carvone (40.11%). The yield of Mentha spicata oil 1s 2.8% (viw). The essential oils yield of
collected Mentha piperita from region of Iran (Ilam) was 3.02% and main components are sabinene
(3.01%), limonene (8.16%), 1,8-cinecle (6.31%), menthon (14.12%), menthofuran (4.12%), menthol
(33.02%) and menthyl acetate (20.21%). Other components were presents in amounts less than 2%
{Table 1). The chemical compositions revealed that these leaves had compositions similar to those
of other Mentha piperita essential oils analyzed in Morocco by (Derwich ef al., 2010) which the
major component was menthol (29.1%), Menthol (5.58%), Menthyl acetate (3.34%) and
Menthofuran (3.01%). Menthanol (36.24%) and menthone (32.42%). Also, menthanol (36.24%) and
menthone (32.42%) were the major compounds of the Mentha piperita essential o1l studied in Iran
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Tahble 1: Chemical composition of essential dils investigated

Components Mentha spicata (%) Mentha piperita (%)  Anethum graveolens (%) Foeniculum vulgare (%)
Tricyclene 0.52 0.00 0.00 0.00
g-thujene 1.00 0.00 1.00 0.00
Myristicin 0.00 0.00 3.31 0.00
-pinene 1.01 0.00 1.90 0.63
Sabinene 1.60 3.01 1.11 0.00
-pinene 0.68 0.00 0.54 1.73
-myrcene 4.01 1.00 0.82 0.00
Carvacrol 0.00 0.00 0.00 0.30
3-octanol 0.00 0.60 0.00 0.00
t-anethole 0.00 0.00 0.00 17.19
u-terpinene 0.00 0.72 0.00 1.08
Estragole 0.00 0.00 0.00 3.18
u-Phellandrene 0.00 0.00 18.36 0.00
p-cymene 0.72 0.51 2.34 0.00
Limonene 10.10 8.16 1.12 0.21
B-Phellandrene 0.00 0.00 3.38 0.00
1,8-cinecle 2,16 6.31 0.00 1.03
Cis-ocimene 0.00 1.03 0.00 0.00
Trans-ocimene 0.00 1.00 0.00 0.00
Fenchone 0.00 0.00 0.00 4.03
y-terpinene 1.00 0.36 0.34 1.39
u-terpinolene 0.22 0.63 0.00 0.00
Linaloal 0.00 1.00 0.00 0.00
w-p-Dimethyl-phencone 0.00 0.00 011 0.00
Phencone 0.00 0.00 0.20 0.00
Menthon 24.14 14.12 0.10 0.00
(Z)-p-menth-2-en-1-ol 0.00 0.00 0.10 0.00
Dill ether 0.00 0.00 5.02 0.00
Menthofuran 0.00 412 0.00 0.00
(Z)-Dihydrocarvone 0.00 0.00 0.12 0.00
Menthol 6.12 33.02 0.00 0.00
(E)-Dihydrocarvone 0.00 0.00 0.14 0.00
Terpin-4-ol 0.21 0.00 0.00 4.08
Cis-dihydrocarvone 0.22 0.00 0.00 0.00
Trans-dihydrocarvone 0.32 0.00 0.00 0.00
Trans-carveol 0.11 0.00 0.00 0.00
Carvone 40.11 0.00 0.00 0.00
(Z)-Anethole 0.00 0.00 0.46 0.00
Epi-hicyclosesquiphellandrene 0.00 0.00 0.34 0.00
Pulegone 0.30 0.00 0.00 0.00
Piperitone 0.44 0.62 0.00 0.00
Trans-anethole 0.40 0.00 0.00 0.00
Menthyl acetate 0.00 20.21 0.00 0.00
B-bourbonene 0.31 0.11 0.00 0.00
B-caryophyllene 0.31 0.10 0.00 0.00
(Z)-B-farnesene 0.00 032 0.00 0.00
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Tahble 1: Continue

Components Mentha spicata (%) Mentha piperita (%)  Anethum graveolens (%) Foenteulum vulgare (%)
Germacrene D 0.11 0.18 0.01 0.00
Bicyclogermacrene 0.00 0.92 0.00 0.00
Germacrene A 0.33 0.25 0.00 0.00
d-cadinene 0.00 0.59 0.00 0.00
Apiol 0.00 0.00 0.80 0.00
2,3,4,6-tetramethyl-phenol 0.00 0.00 0.00 0.12
Timaol 0.00 0.00 0.00 1.09
p-anisaldehyde 0.00 0.00 0.00 0.03
Carvacrol 0.00 0.00 0.00 1.03
Viridiflorol 0.00 0.10 0.00 0.00
Total 96.45 98.99 31.62 37.75

{Behnam et al., 2006). The chemical compositions of Mentha piperita L. essential ail studied in Tran,
contained o-terpinene (19.7%), isomenthone (10.3%), trans-carveol (14.5%), pipertitinone oxide
{19.3%) and P-caryophyllene (7.6%) as the major compounds (Yadegarinia et al., 2008). The
chemical compositions revealed that the leaves had compositions similar to those of other Mentha
spieata essential olls analyzed by (Sokovie et al., 2007}, the major components was limonene
(5.77%), Menthol (21.92%) and carvone (49.52%). Menthol and carvone were the main components
of Mentha piperita (Derwich et al, 2010). Abbaszadeh ef al. (2009), studying of essential ol
compounds variations in leaves of Mentha species, indicated that was significant difference between
essential ol yields in leaves of mint species. In the essential oil of Anethum graveolens leaves,
22 compounds were identified. Monoterpenic hydrocarbons were found predominant in the leaves
o1l representing 31.62% of the total content and main components are Myristicin (3.31%),
e-Phellandrene (18.368%), Dill ether (5.02%) and p-Phellandrene (3.38%) which «-phellandrene
{18.36%) constituted the major compound. Present result showed that in the leaves oil, the ketonic
compound carvone was not present (Table 1). Principle components of fennel leaves cil were
t-anethole (17.19%), estragole (3.18%), fenchone (4.3%) and terpin-4-cl (4.8%) (Table 1). The
obtained results about antibacterial and antifungal activity of the leaves essential cils of Mentha
piperita and Mentha spieata, Anethum graveolens and Foeniculum vulgare from Iran are shown
on Table 2 and 3. All the tested oils in the disc-diffusion method showed bacteriostatic activity in

L except of fennel (Anethum graveolens) and dill (Foeniculum vulgare)

concentration of 1 pg dise™
leaves oil. The tested essential oil of Mentha piperiia and Mentha spicata by disc-diffusion method,
showed very strong antibacterial and antifungal activity. A concentration of 1 pg dise™ of oil
inhibited Staphylococcus aureus, all of Baeillus species, Salmonella typhi, all of Shigella species,
Fscherichia coli, Klebsiella sp., Pseudomonas aeruginosa, Proteus sp., all of Aspergillus species,
Vasin factum, Mucor sp., Candida albicans, Fusarium oxysporum and Colletotrichum falcatum.
The essential cils which showed the best antibacterial and antifungal activity in dise-diffusion
method were Mentha piperita (15.0-30.0 mm) and Mentha spicata (20.0-35.0 mm). Streptomycin
at 1 pg disc™?! showed inhibition zones in the range of 9.0-22.0 mm (Table 2). Nystatin at
50 ug disc™! showed inhibition zones in the range of 15-25.0 mm (Table 2). Good inhibition zones
were also obtained for Mentha spicata and Mentha piperita oils. It can be seen that essential oils
from Mentha spicata and Mentha piperiia possess a higher antibacterial and antifungal effects
than streptomyecin and Nystatin. Table 2 shows that essential al of Mentha piperita possesses
greater antibacterial and fungistatic activity than Mentha piperita oil. Anethum graveolens and
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Table 2: Antibacterial activity of essential oils (1.0 pg mL™) in disc-diffusion method, inhibition zones (mm)

Mentha Mentha Anethum Foeniculum
Bacteria and fungi spicata piperiia graveolens vulgare Streptomycin Nystatin
Gram positive
Staphylococcus aureus 35 30 0 0 22 0
Bacillus cereus 35 25 0 0 20 0
Bacillus megaterium 35 25 0 0 20 0
Bacillus subtilis 32 25 0 0 20 0
Micrococcus luteus 30 25 0 0 15 0
Streptococcus-P-haemolyticus 25 25 0 0 15 0
Gram negative
Salmorella typhi 21 15 0 0 20 0
Shigella dysenteriae 20 15 0 0 15 0
Shigella shiga 20 10 0 0 15 0
Shigella sonnei 20 10 0 0 15 0
Shigella boydii 22 12 0 0 15 0
Escherichia coli 20 14 0 0 15 0
Klebsiella sp. 22 15 0 0 12 0
Pseudomonas aeruginosa 24 15 0 0 10 0
Proteus sp. 25 15 0 0 9 0
Fungi
Aspergillus fumigatus 20 20 0 0 0 25
Aspergillus niger 20 20 0 0 0 20
Aspergillus flavus 20 20 0 0 0 20
Vasin factum 20 20 0 0 0 15
Mucor sp. 20 15 0 0 0 22
Candida albicans 20 15 0 0 0 15

Foeniculum vulgare il showed the lowest MIC (8.0-10.0 pg mL™" and MBC (7.0-12.0 pg mL ™) in
the micredilution method. The essential cils from Mentha spicata and Mentha piperita
inhibited all the bacteria and fungi in very small concentrations. Cils from Mentha spicata (MIC
(0.5-1.5 pg mL™) and MBC (1-1.0 ug mL™! and Mentha piperita (MIC {1.0-1.0 yg mL™") and MBC
(1.5-1.0 ug mL™") exhibited much higher antibacterial and antifungal activity. Streptemycin
showed MIC at 4.0-6.0 ug mL™ and MBC at 5-3.0 ug mL™ while, Nystatin showed MIC at
3.0-3.0 pg mL " and MBC at 4.0-2.0 uyg mL™. From the obtained results it can be noticed that cils
from Anethum graveolens and Foeniculum vulgare possessed lower antibacterial and antifungal
activity than streptomycin and Nystatin while oils Mentha spieata and Mentha piperita showed
almost the same antibacterial potential as the antibiotic (Table 3). The results of antibacterial
activity of essential o1l components are presented in Table 4 and 5. limonene inhibited bacterial
growth of all bacteria and fungi and inhibition zones were 10.0-22.0 mm, 1,8-cinecle reacted
slightly better (inhibition zones 10.0-25.0 mm) while streptomyecin showed inhibition with zones of
9.0-25.0 mm. Strong antibacterial and antifungal activity was noticed for menthol (20.0-35.0 mm),
menthon (20.0-30.0 mm) and especially for carvone (20.0-38.0 mm). Streptomyecin was inactive
against all Aspergillus species, Vasin factum, Mucor sp., Candida albicans, Fusarium oxysporum
and Colletotrichum falcatum. It can be seen that menthol, carvone and menthon showed higher
antibacterial and antifungal activity than streptomycin and Nystatin. The monoterpenic
hydrocarbons 1,8-cineole and linaleol showed similar activity with MIC of 5.0-7.0 ug mL™ and
MBC of 6.0-10.0 ug mL™". Menthon and menthol showed very strong activity with MIC at
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Table 3: Antibacterial activity of essential oils (MIC and MBC pg mL%), microdilution method

Mentha spicata (%) Mentha piperita (%) Anethum graveolens Foeniculum vulgare Streptomycin

Bacteria MIC/MBC MIC/MBC MIC/MBC MIC/MBC MIC/MBC
Gram positive
Staphylococeus aureus 0.5 0.5 8 8.0 15
1.0 1.0 7 7.0 1.0
Bacillus cereus 1.0 6.0 5 3.0
0.5 0.5 9 4.0 3.0
Bacillus megaterium 1.0 1.0 8 5.0 2.0
1.5 1.5 9 4.0 2.0
Bacillus subtilis 15 15 8 4.0 20
0.5 0.5 9 4.0 3.0
Micrococeus luteus 0.5 0.5 8 4.0 4.0
0.5 0.5 9 4.0 5.0
Streptococcus-{-haemolyficus 2.0 2.0 8 15 4.0
2.0 2.0 9 1.5 4.0
Gram negative
Salmonella typht 3.0 3.0 7 20 5.0
4.0 4.0 8 1.5 5.0
Shigella dysenteriae 5.0 5.0 7 3.0 15
5.0 5.0 7 5.0 1.5
Shigella shiga 5.0 5.0 7 15 15
5.0 5.0 7 1.5 3.0
Shigella sonnei 4.0 4.0 7 2.0 2.0
2.0 2.0 7 2.0 2.0
Shigella boydii 2.0 2.0 7 4.0 2.0
2.0 2.0 7 4.0 2.0
Escherichia coli 15 15 7 4.0 15
1.5 1.5 8 4.0 3.0
Klebsiella sp. 0.5 0.5 10 4.0 2.0
0.5 0.5 8 4.0 2.0
Pseudomonas aeruginoesa 0.5 0.5 8 4.0 15
0.5 0.5 8 4.0 1.5
Proteus sp. 0.5 0.5 8 4.0 15
0.5 0.5 8 4.0 1.5
Fungi
Aspergillus fumigatus 1.0 1.0 10 8.0 3.0
Aspergillus niger 1.0 1.0 9 8.0 3.0
Aspergillus flavus 1.0 1.0 9 6.0 3.0
Vasin factum 1.0 1.0 8 7.0 3.0
Mucor sp. 1.0 1.0 8 7.0 3.0
Candida albicans 2.0 2.0 12 12.0 4.0
Fusarium oxysporum 0.5 0.5 7 7.0 2.0
Colletotrichum faleatum 1.5 1.5 10 10.0 3.0

1.5-35 pyg mL™ and 05-2.0 ug mL™, respectively while bactericidal effect were achieved at
1.5-1.0 pyg mL™ for menthon and 0.5-2.0 ug mL~ Yor menthol. Carvone showed the strongest
antibacterial and antifungal activity with MIC at 0.5-0.5 ug mL™" and MBC at 0.25-1.0 ug mL™%
Only menthon, menthol and carvacrol showed higher antibacterial activity than streptomyecin
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Table 4: Antibacterial activity of essential oils components (1.0 pg mL) in dise-diffusion method, inhibition zones (mm)

Bacteria and fimgi Menthon Limonene 1,8-cinecle Carvone Menthol Streptomycin Streptomycin

Gram positive

Staphylococcus aureus 30 22 25 38 35 25 0
Bacillus cereus 30 22 25 35 25 12 0
Bacillus megaterium 30 22 20 36 22 12 0
Bacillus subtilis 30 22 20 38 22 15 0
Micrococcus luteus 30 22 20 38 30 25 0
Streptococcus-{-haemolyficus 30 22 20 38 30 13 0
Gram negative

Salmorella typhi 16 5 15 20 20 0
Shigella dysenteriae 14 5 15 22 21 0
Shigella shiga 15 5 10 22 23 10 0
Shigella sonnei 14 7 10 25 24 0
Shigella boydii 14 15 10 20 20 0
Escherichia coli 14 10 10 23 20 0
Klebsiella sp. 15 20 10 25 20 12 0
Pseudomonas geruginosa 14 17 10 25 25 8 0
Proteus sp. 14 10 10 25 22 9 0
Fungi

Aspergillus fumigatus 20 10 20 25 21 0 20
Aspergillus niger 20 15 20 26 20 0 15
Aspergillus flavus 22 15 20 26 22 0 10
Vasin factum 20 20 20 26 21 0 22
Mucor sp. 25 20 20 26 20 0 14
Candida albicans 25 20 20 26 20 0 16
Fusarium oxysporum 27 20 20 30 20 0 10
Colletotrichum faleatum 20 20 15 25 20 0 15

(MIC 3.0-3.0 yg mL™ and MBC 5-4.0 yg mL™) and Nystatin (MIC 4.0-8.0 uyg mL™" and MBC
3-5.0 uyg mL ™ (Table 5). Carvone showed higher antifungal activities than previous components.
It can be seen that essential oils from Mentha spicata possess a higher antibacterial and antifungal
effect than Menitha piperita. The differences between antibacterial and antifungal activities of
these two essential oils could be due to different chemical composition of essential oils. The greater
antibacterial and antifungal potential of Mentha piperita essential oil could be explained by the
presence of carvone which possesses very strong antifungal activity (Adam et al., 1998,
Enobloch et al., 1988; Sokovic et al., 2009). The essential oil of Mentha piperita and Mentha
piperita have menthel and 1,8-cinecle as main components which alse exhibited very good
antifungal properties but lower than carvone. Carvone has better antifungal properties because
of its high water solubility. One of the reasons for lower antifungal activity of Mentha piperita
essential o1l could be the large amount of menthyl acetate which causes a decrease of antifungal
properties (Griffin ef al, 2000; Sokovie et al., 2009). Both tested Mentha oils showed strong
antibacterial activity against a variety of bacteria (Sckovie et al., 2007). According to present
results, volatile oil extracted from leaves of both Fennel and Dill did not show any inhibition of the
growth of the above mentioned test organisms. In a study by Lo Cantore ef al. (2004) however,
essential cil extracted from fennel showed a lesser antibacterial effect compared to coriander oil in
inhibition of Kscherichia coli and Bactllus megaterium. In agreement with present result
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Table 5: Antibacterial activity of essential oils components (MIC and MBC pg mL™), microdilution method

Menthon Limonene 1,8-cinecle Carvone Menthol Streptomycin
Bacteria and fimgi MIC/MBC MIC/MBC MIC/MBC MIC/MBC MIC/MBC MIC/MBC
Gram positive
Staphylococcus aureus 1.5 5.0 5.0 0.5 0.5 1.0
1.5 3.5 3.5 0.25 0.5 2.5
Bacillus cereus 1.0 15 2.0 1.0 1.0 2.0
2.0 2.0 4.0 0.5 1.5 1.0
Bacillus megaterium 2.0 2.0 6.0 0.5 1.5 1.0
2.0 2.0 6.0 0.5 1.5 1.0
Bacillus subtilis 1.0 2.0 5.0 0.5 1.0 1.0
0.5 2.0 4.0 0.5 1.0 1.0
Mierococeus luteus 1.0 2.0 5.0 0.5 1.0 1.0
1.0 2.0 6.0 1.0 0.5 1.0
Streptococcus-P-haemolyticus 1.0 2.0 3.0 1.0 1.0 1.0
1.0 2.0 5.0 0.5 0.5 1.0
Gram negative
Salmonella typhi 1.5 5.0 9.0 1.0 1.5 25
1.5 4.0 3.0 1.0 2.0 2.0
Shigella dysenteriae 3.0 3.0 5.0 1.0 2.0 3.0
3.0 5.0 4.0 1.0 2.0 4.0
Shigella shiga 3.0 5.0 7.0 1.0 1.0 4.0
2.0 4.0 7.0 1.0 2.0 5.0
Shigella sonnei 1.5 7.0 7.0 1.0 1.5 2.0
2.0 9.0 7.0 1.0 1.5 2.0
Shigella boydii 2.0 9.0 7.0 1.0 2.0 4.0
4.0 9.0 5.0 1.5 2.0 4.0
Escherichia coli 3.0 8.0 7.0 15 2.0 3.0
3.0 7.0 7.0 4.0 2.0 3.0
Klebsiella sp. 3.0 5.0 7.0 3.0 2.0 1.5
1.5 5.0 6.0 3.0 2.0 1.0
Pseudomonas geruginosa 1.0 4.0 4.0 2.0 1.0 3.0
1.0 5.0 5.0 3.0 2.0 1.5
Proteus sp. 1.0 5.0 5.0 15 2.0 1.0
1.0 5.0 5.0 2.0 2.0 1.0
Fungi
Aspergillus fumigetus 15 6.0 6.0 15 1.0 3.0
Aspergillus niger 2.0 4.0 6.0 1.0 0.5 3.0
Aspergillus flavus 3.0 2.0 6.0 1.0 0.5 4.0
Vasin factum 3.0 5.0 6.0 1.0 0.5 5.0
Mucor sp. 1.5 5.0 6.0 1.0 0.5 5.0
Candida albicans 1.0 10.0 10.0 1.0 2.0 5.0
Fusarium oxysporum 1.0 6.0 5.0 2.0 1.0 5.0
Colletotrichum faleatum 35 7.0 7.0 0.5 2.0 25

Abed (2007) reported that essential ol and leaves extracts of fennel and dill did not show any
inhibition antimycobacterial and anticandidal activity. The results obtained by both methods
suggested that menthon, menthol and carvacrol possessed greater antibacterial and antifungal
activity than other investigated compounds.

63



J. Plant Sei., 7 (2): 55-66, 2012

REFERENCES

Abbaszadeh, B., 5.A. Valadabadi, H.A. Farahani and H.H. Darvishi, 2009. Studying of essential
oils against human pathogenic fungi. J. Agric. Food Chem., 46; 1738-1745,

Abed, K.F., 2007, Antimicrobial activity of essential oils of some medicinal plants from Saudi
Arabia. Saudi J. Biol. Sei., 14: 53-60.

Adam, K., A. Sivropoulou, S. Kokkini, T. Lanaras and M. Arsenakis, 1998. Antifungal Activities
of Components on Whole Cells of Bacteria and Fungi in Plate Tests. In: Bioflavour 87: Analysis,
Biochemistry, Biotechnclogy, Schreier, P. (Ed.). Walter de Gruyter, Berlin, Germany,
pp: 287-299.

Adams, R.P., 2001. Identification of Essential Oil Components by Gas Chromatography/Quadruple
Mass Spectroscopy. 4th Edn., Allured Publishing Corporation, Carol Stream, L.

Ahmad, N.R., M.A. Hanif and U. Rashid, 2005. Chemical compositional and intra provenance
variation for content of essential cil in Kucalyptus crebra. Asian J. Plant Sa., 4: 519-b23.
Ara, N., M.H. Nur, M.S. Amran, M.I.LI. Wahid and M. Ahmed, 2009. /n vitro antimicrobial and

cytotoxic activities of leaves and flowers extracts from Lippia alba. Pak. J. Biol. Sci., 12: 87-90,

Bari, MA.,, W. [slam, A .R. Ehan and A. Mandal, 2010. Antibacterial and antifungal activity of
Solanum torvum (Solanaceae). Int. J. Agric. Biol., 12: 386-390.

Behnam, S., M. Farzaneh, M. Ahmadzadeh and A.5. Tehrani, 2006. Composition and antifungal
activity of essential oils of Mentha piperita and Lavendula angustifolia on post-harvest
phytopathogens. Commun Agric. Applied Biol. Sei., 71: 1321-1328,

Daouk, R.K., S.M. Dagher and E.J. Sattout, 1995, Antifungal activity of the essential oil of
Origanum syriacum L. J. Food Prot., 58: 1147-11489,

Delaquis, P.J., K. Stanich, B. Girard and G, Mazza, 2002, Antimicrobial activity of individual and
mixed fractions of dill, cilantro, coriander and eucalyptus essential oils. Int. J. Food Microbiol.,
74:101-109.

Derwich, K., Z. Benziane and A. Boukir, 2010. Chemical composition and in vitro antibacterial
activity of the essential oil of Cedrus atlantica. Int. J. Agric. Biol,, 12: 381-385,

Espinel-Ingroff, A., 2001, Comparison of the E-test with the NCCLS M38-P methoed for antifungal
susceptibility testing of common and emerging pathogenic filamentous fungi. J. Clin. Microbiol.,
39: 1360-1367.

Fortes, G.A.C., 5.5 Naves, F.I'.F. Godoi, A.R. Duarte, P.H. Ferri and 5.C. Santos, 2011. Assessment
of a maturity index in jabuticaba fruit by the evaluation of phenolic compounds, essential oil
components, sugar content and total acidity. Am. J. Food Technol., 6: 974-984,

Friedman, M., P.R. Henika and R.E. Mandrell, 2002. Bactericidal activities of plant essential oils
and some of their 1solated constituents against Campylobacter jejuni, Kscherichia coli, Listeria
monocytogenes and Salmonella enterica. J. Food Prot., 65: 1545-1560.

Ganjewala, D. and R. Luthra, 2007a. Essential oil biosynthesis and metabolism of geranyl aceate
and geraniol in developing Cymbopogon flexuosus (Nees ex Steud) Wats Mutant cv. GRL-1
leaf. Am. J. Plant Physicl., 2: 269-275,

Ganjewala, D. and E. Luthra, 2007b. Inhibitors of essential oil biosynthesis in Cymbopogon
flexuosus Nees ex. Steud. Mutant ev. GRL-1 leaves. Am. J. Plant Physiol., 2: 227-232,

Griffin, 5., J.L. Markham and DD.N. Leach, 2000. An agar dilution method for the determination
of the mimimum inhibitory concentration of essential ails. J. Essent. 01l Res., 12: 249-255,
Hanel, H. and W. Raether, 1988, A more sophisticated methed of determining the fungicidal effect
of water-insoluble preparations with a cell harvester, using miconazole as an example. Mycoses,

31: 148-154.

64



J. Plant Sei., 7 (2): 55-66, 2012

Ismail, A., H. Lamia, H. Mohsen and J. Bassem, 2011. Chemical composition of Juniperus
oxveedrus L. subsp Macrocarpa essential oil and study of their herbicidal effects on germination
and seedling growth of weeds. Asian J. Applied Sei., 4: 771-779.

Knobloch, K., A, Pauli, N. Ibherl, HM. Weis and N. Weigand, 1988, Modes of Action of Essential Oil
Components on Whole cells of Bacteria and Fungi in Plate Tests. In: Bioflavour, Schreier, P.
(Ed.). Walter de Gruyther, Berlin, Germany, pp: 287-299.

Lo Cantore, P., N.S. Tacobellis, A. De Marco, F. Capasso and F. Senatore, 2004, Antibacterial
activity of Coriandrum sativum L. and Foeniculum vulgare Miller Var. vulgare (Miller)
essential oils. J. Agric. Food Chem., 52: 7862-7866,

Louis, B., J. Nguefack and P. Roy, 2011. Evaluation of antifungal potential of Ocimum
gratissimum extracts on two seedborne fungi of rice (Oryza sativa L.) in cameroon. Asian J.
Biol. Sci., 4: 306-311.

Manikandan, 5., 5. Ganesapandian, M. Singh, N. Sangeetha and A.K. Kumaraguru, 2011,
Antimicrobial activity of seaweeds against multi drug resistant strains. Int. J. Pharmacol.,
7. 522-5286.

Momtaz, S. and M. Abdollahi, 2010, An update on pharmacology of Satureja species; from
antioxidant, antimicrobal, antidiabetes and anti-hyperlipidemic to reproductive stimulation.
Int. J. Pharmacol., 6: 346-353,

Newall, C.A., L.A. Anderson and J.DD. Phillipson, 1996. Herbal Medicines. The Pharmaceutical
Press, London, pp: 25.

Oka, Y., 5. Nacar, K. Putievsky, UJ Ravid, Z. Yaniv and Y. Spiegel, 2000. Nematicidal activity
of essential oils and their components against the root-knot nematode. Phytopathology,
90: T10-715.

Onocha, P.A., G K. Oloyvede and Q.O. Afolabi, 2011, Chemical composition, cytotoxicity and
antioxidant activity of essential oils of Acalypha hispida flowers. Int. J. Pharmacol., 7: 144-148,

Quattara, L., J. Koudou, D.S. Karou, L. Giace and G. Capelli e al., 2011. In vitre anti
Mycobacterium tuberculosis H3TRv activity of Lannea acida A. Rich from Burkina Faso.
Pak. J. Biol. Sai., 14: 47-52.

Ozbek, H., 8. Urao, H. Dulger, I. Bayram, G. Tuncer and A. Ozturk, 2003, Hepatoprotective effect
of Foentculum vulgare essential oil. Fitoterapia, 74: 317-319.

Patra, A.K., 2011. Effects of essential oils on rumen fermentation, microbial ecology and ruminant,
preduction. Asian J. Anim. Vet. Adv., 6: 416-428,

Rahman, M.A. K. Haque, M. Hasanuzzaman and 1.7. Shahid, 2011. Antinociceptive,
antiinflammatory and antibacterial properties of Tamarix indica roots. Int. J. Pharmacol.,
7. 527-B31.

Reza, V.R.M. and H. Abbas, 2007. The essential oil composition of Levisticum officinalis from Iran.
Asian J. Biochem., 2: 161-163.

Ruberto, G., M.T. Baratta, S.G. Deans and H.J. Dorman, 2000. Antioxddant and antimicrobial
activity of Foeniculum vulgare and Crithmum maritimum essential oils. Planta Med,,
66: 687-693.

Singh, G, I.LP. Kapoor, 8. K. Pandey, U.K. Singh and R.K. Singh, 2002, Studies on essential oils:
Part 10; antibacterial activity of volatile oils of some spices. Phytother. Res., 16: 680-682,
Sokovie, M.D., J. Vukojevie, P.ID. Marin, D.ID. Brkic, V. Vajs and L.J.L.D. van Griensven, 2009,
Chemical composition of essential oils of Thymus and Mentha species and their antifungal

activities. Mclecules, 14: 238-249.

65



J. Plant Sei., 7 (2): 55-66, 2012

Sokovie, M., P.D. Marin, D. Brkic and L.J.L.D. van Griensven, 2007. Chemiecal composition and
antibacterial activity of essential oils of ten aromatic plants against human pathogenic bacteria,
Food, 1: 220-2286.

Soltan, MAEA., R.S. Shewita and S.I  Al-Sultan, 2009. Influence of essential oils
supplementation on digestion, rumen fermentation, rumen microbial populations and
proeductive performance of dairy cows. Asian J. Anim. Sei., 3: 1-12,

Stavrl, M. and S. Gibbons, 2005, The antimycobacterial constituents of Dill (Arethum graveolens).
Phytother. Res., 19: 938-941.

Swamy, K.IN. and S.5.R. Rao, 2008, Influence of 28-homobrassinolide on growth, photosynthesis
metabolite and essential oil content of geranium [Pelargonium graveolens (L.) Herit]. Am. J.
Plant Physicl,, 3;: 173-179.

Tassou, C., K. Koutsoumanis and G.J.E. Nychas, 2000, Inhibition of Salmonella enterttidis and
Staphylococcus qureus in nutrient broth by mint essential oil. Food Res. Int., 33: 273-280.
Upadhyay, R.K. and D.D. Patra, 2011. Influence of secondary plant nutrients (Ca and Mg) on

growth and yield of chamomile (Matricaria recutita 1..). Asian J. Crop Sei., 3: 151-157,

Verpoorte, R., T.A. van Beck, P.HAM. Thomassen, J. Aandeweil and A.B. Svendsen, 1983,
Screening of antimicrobial activity of some plants belonging te the Apocynaceae and
Loganiaceae, J. Ethnopharmacol., 8 287-302.

Yadegarinia, [D., L. Gachkar, M.B. Rezaei, M. Taghizadeh, 5.A. Astaneh and I. Rasocli, 20086.
Biochemical activities of Iranian Mentha piperita L. and Myritus communis L. essential oils,
Phytochemistry, 67: 1249-1255,

66



	Journal of Plant Sciences.pdf
	Page 1


