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Abstract

The study was conducted to evaluate the antimicrobial properties of the root extracts of some

Limonium species, viz. L. effusum, L. globuliferum and L. lilacinum. The root extracts obtained  were

evaluated against 9 bacteria, and 12 fungi isolated from hazelnut, and walnut. The maximum

antibacterial activity was obseved to be in methanol extract. Furthermore, the ethanol extract of

L. lilacinum also had the maximum antibacterial activity against L. monocytopenus. The methanol

extract of L. lilacinum exhibited the most potent antibacterial activity among the tested extracts.

Our findings showed that Limonium root extracts significantly reduced the growth of fungi as

compared to control. The inhibitory effects of the Limonium root extracts on the mycelial growth of

12 fungal species isolated from nuts in agar diffusion plate assay showed fungal growth reduced at

the 6th day of experiment. The mycelial growth of A. alternata was maximum inhibited (100%) by L.

globuliferum water extracts on 6th day.
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Introduction

The Plumbaginaceae contains the plants having

tolerant to a wide range of harsh environments (Bouchereau

et al., 1999), among which the Limonium species are highly

salt-tolerant halophytes in hypersaline environments (Wang,

2008). Limonium Mill. has ca. 400 taxa in 12 section in all

over the world, while representing with 21 taxa in 5 section

in Turkey ( Yildirimli and Koca, 2006), and 7 of them are

endemic for Turkey. Among those, endemic Limonium

effusum and L. lilacinum are commonly present in

Afyonkarahisar province, Turkey.

Renewed interest in plant antimicrobials has revealed

during the last a couple of decades (Cowan, 1999; De Smet,

1997; Kelmanson et al., 2000; Srinivasan et al., 2001),

probably due to the increasing development of drug

resistance to human pathogenic organisms, as well as the

appearance of undesirable side effects of certain antibiotics

and the emergence of previously uncommon infections

(Davies, 1994; Marchese and Schito, 2001; Poole, 2001).

Additionally, fungi are ubiquitous in the environment, and

infection due to fungal pathogens has become more

frequent (Walsh and Groll, 1999; Fleming et al., 2002). Only

a very small fraction of the known plant species of the whole

world has been evaluated for the possible presence of

antifungal compounds. When we consider the rapid

extinction rate of plant species, great efforts are necessary

to collect and screen plants to avoid the lost of an important

source of environmentally safe antifungal agents (Stein et

al., 2005). There is a continuous and urgent need to discover

new antimicrobial compounds with diverse chemical

structures and novel mechanisms of action because there

has been an alarming increase in the incidence of new and

re-emerging infectious diseases (Rojas et al., 2003).
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In view of the above, the present study aimed to

determine the antibacterial activity diferent of in root extracts

of Limonium species i.e., L. effusum, L. globuliferum and L.

lilacinum present in Afyonkarahisar province of Turkey.

Materials and Methods

Plant materials of the study were collected from saline

steppe field of Aci Lake and Heybeli Thermal  environs in

June 2008. L. lilacinum and L. effusum were collected from

the locality of the Aci Lake and L. globuliferum was collected

from two different populations naturally grown around the

Aci Lake and the Heybeli Thermal.

After dried root plant materials were pulverized, and

200 g. of this material was extracted with 300 ml. of

dichloromethane, methanol, distilled water and petroleum

ether (respectively according to polarity) for 10-12 hrs with

Soxhlet. The extracts vaporized by rotary evaporator under

vacuum.

Test organisms viz. Escherichia coli, Enterecoccus

fecalis, Staphylococcus aureus, Salmonella typhimurium,

Bacillus subtilis, Klebsiella pneumoniae, Proteus vulgaris,

Micrococcus luteus, Listeria monocytogenes, Pseudomonas

aeruginosa and Bacillus cereus were obtained from

Anadolu University, Faculty of Science, Biology

Department, Eskiiehir-Turkey. Acremonium kiliense,

Alternaria alternata, Aspergillus flavus, Aspergillus niger,

Chatomium globosum, Cladosporium oxiporum,

Penicillium frequentans, Penicillium griseus, Penicillium

castellonense, Penicillium estinogenum, Penicillium

zacinthae and Penicillium verrucosum and Penicillium ver

var. cyclopium were isolated from nut and hazelnut and

used to determine the antimicrobial activity in this present

study.

Antibacterial activity was determined by using disc

diffusion method. DMSO was used as negative control.

Ciprolfoxacin (CIPS), Penicillin G. (P10 mcg), Eritromycin (E15

mcg), Amikacin (AM10 mcg) and Chloramphenicol (C30 mcg)

were used as pozitive controls. All tests were repeated in

triplicates with good reproducibility (Bradshaw, 1992; Collins

et al., 1989).

Antifungal activity was determined by using agar

diffusion plate. Potato Dextrose Agar (PDA) plates were

prepared using 9 cm glass Petri dishes containing 20 ml of

PDA. 8 cm disc of agar was removed from the centre of the

plates. 100 µl of dimethyl sulfoxide (DMSO)(control) or

Dissolved in DMSO plant extract was pipetted into these

wells. 5 mm diameter discs of the test species were cut from

the periphery of less than 1 week old cultures on PDA plates

and placed mycelial surface down on opposite edges of the

test plates against the sides of the dishes. The plates were

incubated in the dark at 20°C. After 3 and 6 days of

inoculation, extension of hyphae towards the central well

was measured from the inner edge of the inocula discs to

the leading edges of colonies at a point nearest the well.

Mean growth measurements were calculated from 8

replicates of each of the fungal species.

Plant extracts were dried during 24 hrs at incubation.

Dried plant materials were mixed with KBr and were prepared

tablets. The tablets were evaluated for their Fourier-

Transform Infrared Spectroscopy (FTIR) spectra.

Results and Discussion

Limonium species are used as astringent tonic in

bronchial bleeding and sore throat lesions. They are also

used as drug in cold, hemorrhoid, urinary infections, diarrhea

and dysentery problems (Ross and El Sayyad, 1979). The

genus Limonium, in particular, contains several medicinal

plants that hold promise as sources of chemical leads for

the development of new drugs.

Limonium californicum extracts were effective in the

inhibition of the verotoxin production by enterohemorrhagic

Escherichia coli (Sakagami et al., 2001). In literature other

species of Limonium spp. such as L. wrightii, L. sinense

and L. californicum are known for their antioxidant, antiviral

and antibacterial properties (Aniya et al., 2002). Nostro et

al. (2012) reported that the ethanolic extracts showed a good

and comparable antimicrobial activity. The best efficacy was

detected against Gram-positive bacteria such as S. aureus

including methicillin resistant strains (MRSA). In contrast,

the extracts were found to have a low activity on Gram-

negative bacteria and Candida.

In this study, the maximum antibacterial activity was

obseved in methanol extract. Furthermore, the ethanol extract

of L. lilacinum also had the maximum antibacterial activity

against L. monocytopenus. The methanol extract of L.

lilacinum exhibited the most potent antibacterial activity

among the tested extracts. This suggests the possible

potential value of the methanol extract of L. lilacinum as an

antimicrobial agent and as a preservative in the food

industry. The results also showed that E.coli was not

sensitive to methanol extract of L. lilacinum, L. effusum and

L. globuliferum (H.T.). Methanol root extracts of L.

globuliferum (H.T.) showed antibacterial activity on all the

microorganisms tested except for E. coli. Petroleum ether,

dichloromethane and distilled water root extracts of L.

globuliferum (H.T.) did not show antibacterial activity on

all the microorganisms but Bacillus subtilis Methanol root

extracts of L. globuliferum (A.L.) had and antibacterial

activity on both Staphylococcus aureus and Pseudomonas

aeruginosa. Petroleum ether and dichloromethane root
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extracts of this species showed no antibacterial activities

(Table 1).

Mahasneh (2002) reported the antifungal activity of

Limonium axillare butanol crude extract against C. albicans

and A. flavus compared to standard chloramphenicol,

tetracycline and nalidixic acid. Besides, aqueous, ethanol

and butanol crude extracts of L. axcillare exhibited a

moderate antifungal activity against A. flavus. Mahasneh

(2002) examined aqueous, ethanol and butanol crude extracts

of the aerial parts of ten plants and these extracts exhibited

variable degrees of antimicrobial activity against four

bacterial and two fungal species. Aqueous extracts had low

antimicrobial activity against E.coli, P. aeruginosa, B.

cerreus, S. aureus, C. albicans and A. flavus. Avicennia

marina aqueous extract exhibited a moderate antifungal

activity. Ethanol and butanol crude extracts exhibited an

improved antimicrobial activity. However, butanol extract

exhibited a superior antimicrobial activity compared with

aqueous and ethanol crudes. In the present study, methanol

root extracts of L. lilacinum showed antimicrobial activity

against all the microorganisms studied except for E. coli. In

addition, methanol extracts of Limonium had highest

antimicrobial activity when compared to the others.

The different efficacy of Limonium extracts against

Gram-positive and Gram-negative bacteria is probably due

to the differences in cell wall structure between these

microrganisms. The Gram-positive bacteria have only an

outer peptidoglycan layer, which is not an effective

permeability barrier, and are more susceptible to

antimicrobial substances (Nikaido and Vaara, 2005). Hence,

the ethanolic extract could diffuse through the cell wall and

cause cell damage as result of the intracellular

hyperacidification. In contrast, Gram-negative bacteria have

an outer phospholipidic membrane and C. albicans a cell

wall consisting of glucans, chitin and proteins (Chaffin,

2008).

Saïdana et al. (2012) reported the methanolic extract

of L. echioides aerial part showed an antifungal activity

against Fusarium oxysporum with a diameter zone of

inhibition reaching 9 mm at a concentration of 10 mg disc-1,

while the ethyl acetate extract was active against Penicillium

sp. (8 mm) when applied at same concentration. The other

tested extracts failed to show any antifungal activities. The

inherent activity of an extract can be expected to relate to

the chemical configuration of the components, the

proportions in which they are present, and the interactions

between them (Delaquis et al., 2002). Moreover, antifungal

susceptibility is influenced by the type of medium, pH,

inoculum size, temperature and the time of incubation

(Ghannoum et al., 1996). In the same way, L. axillare

butanolic crude extract compared with standard

chloramphenicol, tetracycline and nalidixic acid exhibited a

superior antifungal activity (Mahasneh, 2002).

L. echioides exhibited an interesting antifungal

activity against F. oxysporum and Penicillium sp. F.

oxysporum is a plant-pathogen fungus, which causes rot of

many roots and/or fruits of many market gardener species.

It is responsible for cast irons of sowing, lacks in the lifting,

the scalding and the pour of cereals. In addition, Penicillium

sp. is a fungus-type mold. Diverse species are responsible

for the decay of fruits (Champion, 1997).

Fungi are ubiquitous in the environment, and fungal

infections has become more frequent (Walsh and Groll, 1999;

Fleming et al., 2002).There aren' t enough study in the area

of antifungal medicinal plants (Webster et al., 2008).

Alternaria alternate, Aspergillus niger and mycotoxigenic

Fusarium are common and well-characterized species that

produce the mycotoxins roquefortine C, PR-toxin, alternariol,

ochratoxin A and fumonisin.

 Our findings showed that Limonium root extracts

significantly reduced the growth of fungi in comparison

with the control. The inhibitory effects of the Limonium

root extracts on the mycelial growth of 12 fungal species

isolated from nuts in agar diffusion plate assay are shown

in Tables 2 and 3. The results indicated the growth of fungal

species were highly reduced at the 6th day of experiments.

The mycelial growth of A. alternata was maximum inhibited

(100%) by L. globuliferum (HT) water ekstrakt on 6th day.

The more sensitive species were A. alternata, A. niger  and

P. zicinthae. Root extracts of Limonium spp. has a practical

application in the inhibition of mycotoxicenic fungi. We

also observed that methanol extracts of Limonium species

had the most inhibition on hyphal growth of Aspergillus

niger. Our findings clearly indicate that Limonium species

extracts were found to be highly potent hyphal growth

inhibitors. It was established that  extracts of Limonium

species exhibited variable degrees of antimicrobial activities

against nine bacterial and twelve fungi species.

Studies show that antimicrobial effects of various

plant's oil are different. Investigators determined that it could

be because of the chemical composition of plant,

microorganisms species, solvents and differences of the

extraction and testing methods. In addition, biotic and abiotic

stresses exert a considerable influence on the secondary

metabolite pool in plants (Ksouri et al., 2007). This pool

varies widely in phenolic composition, both qualitatively

and quantitatively. L. echioides seemed to be very rich in

polyphenols; soil salinity may attribute a major influence

on phenolic biosynthesis and, consequently, a better

antioxidant activity. In agreement with our findings, Parida

et al. (2004) showed that polyphenol content increased

significantly in Aegiceras corniculatum plants treated with
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250 mM NaCl.

Basic phenols and phenolic acids have antimicrobial

activity against bacteria, virus and fungi (Wild et al., 1994).

Scalbert (1991) reported that tannins had got toxic effects

against bacteria and fungi. Flovonoids, alkaloids, terpenes

and terpenoids have got antimicrobial effects against

bacteria, viruses, protozoa and fungi (Meyer et al., 1997;

Chaurasia and Vyas, 1997; Duke, 1985). Limonium species

consist of basic phenols and phenolic acid, quinone,

flavonoid, tannin, coumarin, terpenoid, alkaloid and

glycosides.Ye and Huang (2006) reported the presence of

14 new flavonoid viz. kaempferol, quercetin, myricetin,

quercetin-3-O-a-L-rhamnopyranoside, quercetin-3-O-b-D-

galactopyran oside, myricetin-3-O-a-L-rhamnopyranoside,

myricetin-3-O-a-L-arabinopyranoside, homoeriodictyol-7-O-

b-D-glucopyranoside, and galloylmyricetin-3-O-b-D-

galactopyranoside from ethanol extracts of Limonium

aureum.

In an another study, Korul’ kina et al. (2004) isolated

D-(+)-galactose, gallic, syringic and ellagic acids; quercetin;

rutin; myricetin and its glycosides: myricetrin, 7-O-a-L-

rhamnopyranoside, rutinoside, 3-O-a-L-arabopyranoside, 3-

O-b-D-xyloside, 3-O-a-L-(2²-O-a- rhamnopyranosyl)

rhamnopyranoside and (-)-epigal locatechin-3-O-gallate

from roots of L. gmelinii. In addition, the slightly increased

antibacterial activity of L. avei natural site might be due to

the highest amount of phenolic compounds with known

antimicrobial properties, such as the phenylpropanoid m-

coumaric acid, the polymethoxylated flavonoid naringin and

the flavonol quercetin. In this context, it has been described

the growth inhibition of B. cereus, S. aureus and L.

monocytogenes by m-coumaric acid (Dorantes et al., 2000).

as well as the inhibitory activity of naringin and quercetin

(Tsui et al., 2008)

FTIR is a powerful tool for identifying types of

chemical bonds in a molecule by producing an infrared

absorption spectrum that is like a "molecular fingerprint".

When FTIR spectrums were evaluated in this study, the

antibacterial nature effect of Limonium might be related to

tannins, terpenes (menthol, thymol, carvacrol), phenolic

acids (caffeic acid), alkaloids (harmon), basic phenols

(catesol), flavonoids (rutin, rutinoside, myricetin, citric acid,

ellagic, myricetin 3-O-a-L quercetin, flavonal, izoflavan(+)-

gallocatechin), quinones, coumarins and glycosides.

Plant extracts gives an idea for the evaluation of

medical plants that are important wealth resource of our

world. The present study demonstrated that Limonium

effusum, L. globuliferum and L. lilacinum extracts possess

antibacterial properties and hence can be used as

antimicrobial agent.
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