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In this study Lavandula stoechas L.and Rosmarinus officinalis L.
extracted with ethanol 96° and the antimicrobial effects of extracts
were evaluated on Escherichia coli PTCC 1330 and Staphylococcus
aureus PTCC 1337 by “using the method of Collins” and “disk agar
diffusion method”. The results show that ethanolic extract was quite
effective in 2000 pg/ml concentration on Escherichia coli PTCC 1330
and Staphylococcus aureus PTCC 1337 and were prevented from
growth them on medium. In “disk agar diffusion method”, 20, 40, 60
and 80 % alcoholic extract concentrations, was deterrented effect on
Staphylococcus aureus PTCC 1337. The Lavandula stoechas L. and
Rosmarinus officinalis L. extract presented the more effective impact
on the growth of Staphylococcus aureus PTCC 1337than Escherichia
coli PTCC 1330 (p<0.05). The results indicate that ethanolic extracts
of Lavandula stoechas L. have the greatest effect on gram-positive
bacterium Staphylococcus aureus PTCC 1337. As a result ethanolic
extracts of Lavandula stoechas L.and Rosmarinus officinalis L., have
been strong antimicrobial activity against many food pathogen
bacteria.
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1. Introduction

Food market trends are changing. Consumers demand more high-quality foods with fresh like attributes;
consequently less extreme treatments and/or additives are being required. Lipid oxidation and bacterial
contamination are the main factors that determine the loss of food quality and shelf-life reduction. Therefore,
delaying lipid oxidation and preventing bacterial cross-contamination are highly relevant to food processors.
Oxidative processes and bacterial contamination, in turn, contribute to the deterioration in flavor, texture and
color of food products (Fernandez-Lopez et al., 2004). The infections risk related to pathogenic germs increases at
the present time considering the increased resistance which certain microbes acquire, whose usual antibiotics are
ineffective to treat the infectious disease. This is why that many diseases which we controlled formerly, have
reappeared and escaped from human control. The antibacterial activities of essential oils from various medicinal
plants against micro-organisms were described and proven in experiments by various researchers (Rahman etal.,
2002; Inouye etal., 2001).

About 80 percent of the population relies on traditional medicine because western-trained medical personnel
are limited or not really accepted by the community, and traditional healers are easily consulted, living in the same
community. That points to the demand for Traditional Medicine Practitioners (TMPs) for medicinal plants and the
fact that the majority of the people, rural and urban alike, depend largely on herbal medicines for treating a variety
of diseases. This reliance is mainly due to the high cost of conventional medicine and inaccessibility of modern
health care facilities in most areas (WHO 2002-2005).

Rosemary (Rosmarinus officinalis L.) is a spice and medicinal herb widely used around the world. Of the
natural antioxidants, rosemary has been widely accepted as one of the spices with the highest antioxidant activity
(Peng et al., 2005). Rosemary is known to have antioxidant and antibacterial properties (Shahidi et al. 1992). Putn
am et al. (2006) reported that rosemary essential oil inhibit osteoclast activity and increase bone density in vitro.
Also, cytotoxic activity of rosemary essential oil has been demonstrated by several authors (E | -Me leigy et al.
2010).

The Lavenders are a genus of about 25 - 30 species of flowering plants in the mint family, Lamiaceae, native
to the Mediterranean region south to tropical Africa and to the many regions of Asia. The genus includes annuals,
herbaceous plants, sub-shrubs, and small shrubs (Piccaglia et al., 1993). Lavender has been used for centuries as an
herbal remedy. Lavender yields a highly effective essential oil with very sweet overtones, and can be used in
balms, salves, perfumes, cosmetics, and topical applications. Internally, Lavender essential oil is believed to be of
benefit for a multitude of problems, including stress, anxiety, exhaustion, irritability, headaches, migraines,
insomnia, depression, colds, digestion, flatulence, upset stomach, liver and gallbladder problems, nervousness, loss
of appetite, and as a breath freshener and mouthwash (Kim et al., 2007; Katona et al., 2010).

The aim of this study was evaluated of antimicrobial effects of alcoholic of Lavandula stoechas L. and
Rosmarinus officinalis L. leaves against E. coli and Staphylococcus aureus of the important food pathogen.

2. Materials and methods

2.1. Preparation plant

In this study the Lavandula stoechas L. and Rosmarinus officinalis L. purchased from local markets in
Mashhad, Iran and the species were identifying in the herbarium of Ferdowsi Mashhad University.

2.2. Preparation of alcoholic extracts from Lavandula stoechas L. and Rosmarinus officinalis L.

Maceration method was used to prepare extracts. The amount 50 gram of Lavandula stoechas L. and
Rosmarinus officinalis L. powder was added to 250 ml ethanol 96 degree. The alcoholic extract mixture was
preserved at laboratory temperature for 24 hours and was stirred every few hours with a glass rod. (Ahmad and
beg., 2001).

2.3. Determination dry weight of alcoholic Lavandula stoechas L. and Rosmarinus officinalis L. extracts

At first the weight of a tube were measured, and then 1ml of alcoholic extracts were poured in it. The
contents of the tube were dried at room temperature. After drying the extract, the tubes were weighed again.
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Weight differences are equivalent weight of 1ml alcohol extract. Average of three replicates, was calculated as the
dry weight of the extract (Sattari et al, 2005).

2.4. Source of microorganisms

The bacterial strain used was Escherichia coli PTCC 1330 and Staphylococcus aureus PTCC 1337 for each test,
to evaluating the antimicrobial effects, fresh medium was prepared.

2.5. Preparation of microbial suspension

To preparing microbial suspensions, requires 24-hour culture from each microorganism. So, 24 hours before
experiments, microorganisms were inoculated from storage medium to nutrient agar medium slope. After 24
hours, the cultures were washed by Ringer solution and microbial suspensions were prepared. Then some of the
bacterial suspension was poured in sterile tubes containing Ringer solution and its turbidity, was measured by
spectrophotometer at 530 nm wavelength. It was diluted by Ringer solution until the solution turbidity equalizes
with 5% McFarland standard solution. Suspension should have contains 1.5x 10® CFU / ml (Valero and Salmeron.,
2003).

2.6. Evaluation of antimicrobial activity

Adding extracts to the culture medium “according of the method of Collins et al. (1995)” and “disk agar
diffusion method” were done and to evaluated the antimicrobial effects of alcoholic Lavandula stoechas L. and
Rosmarinus officinalis L. extracts. Then 0.2 gram of ethanol extract, were added to 5 ml of sterile distilled water.
Then it was stirred with vortex system to assist being steady. Then 1 ml of this solution was added to sterile plates.
The final concentration of the extract was 2000 pg / ml (Babayi et al., 2004). In the next step, Mueller Hinton agar
(Merck-Germany) medium were sterile and used for bacteria, were added to the plates, and placed at room
temperature, so the medium was prepared. One loop of each standard strain culture media was cultured
inoculums on these medium. The plates were incubated for 48 hours at 37 ° C. The culture with extract and
without bacteria was used as control (Babayi et al., 2004; Collins et al., 1998). The disk agar diffusion method, at
first a loop of each standard strain culture media was cultured on the plates, and then paper discs (from Whatman
filter with 6 mm diameter), plates were saturated with 100 ul of the test compound allowed to dry and was
introduced on the upper layer of the seeded agar plate with 20, 40, 60 and 80 % extract concentrations, were
prepared in distilled water and was treated with Lavandula stoechas L. and Rosmarinus officinalis L. extract and
placed in culture medium by Sterile loop. Then it was fixed on the media with a light little pressure. After
incubation time, the diameter of free zone was measured exactly by using a ruler in millimeters. All experiments
were performed with 3 replicates.

2.7. Statistical analysis
SPSS software was used for statistical analysis. The Tukey test was used for Samples comparison. One-way
ANOVA with equal replications was used in order to determine the samples with significant average differences.

3- Results

The results of the antimicrobial effects of alcoholic extracts, by “using the method of Collins et al. (1995)”
were show on in Tables 1, 2 and Figure 1).

Table 1

Antimicrobial effects of 2000ug/ml alcoholic Lavandula stoechas L.
and Rosmarinus officinalis L.extract concentrations, on E.coli (using
the method of Collins et al. (1995)).

Extract E.coli
Lavandula stoechas L. +
Rosmarinus officinalis L. +

(+) in Table showed no bacterial growth on culture and antibacterial ctivity of
alcoholic Lavandula stoechas L. and Rosmarinus officinalis L.
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Table 2

Antimicrobial effects of 2000ug/ml alcoholic Lavandula stoechas L. and
Rosmarinus officinalis L.extract concentrations, on S. aureus (using the

method of Collins et al. (1995)).

Extract S. aureus
Lavandula stoechas L. +
Rosmarinus officinalis L. +

(+) in Table showed no bacterial growth on culture and antibacterial activity of
alcoholic Lavandula stoechas L. and Rosmarinus officinalis L.

A: Control Escherichia coli  B: Antimicrobial effects of
2000ug/ml Rosmarinus
officinalis L.extract

concentrations

D: Antimicrobial effects of
2000ug/ml Lavandula
stoechas L. extract

C: Control
Escherichia coli

concentrations

Fig. 1. Antifungal activity of alcoholic Rosmarinus officinalis L. Lavandula stoechas L. and extract on Escherichia

coli (using the method of Collins et al. (1995)).

The results showed 2000 pg/ml concentration of both alcoholic extracts, were quite effective on reduce of
growth E.coli and S. aureus and were had prevent growth over the medium.

The results of the antimicrobial effects of alcoholic Lavandula stoechas L. and Rosmarinus officinalis L.
extracts, by “the agar diffusion method” are presented in Tables 3 and 4.

Table 3

Average diameter (mm) of microbial free zone area of by alcoholic Rosmarinus officinalis L. extract, on E. coli and

S. aureus (disk agar diffusion method).

Microorganism E. coli

Rosmarinus officinalis L.concentration 20 40 60 80
Average diameter (mm) of microbial free zone area - - 7.1+0/5774 8.7 +0/2887
Microorganism S. aureus

Rosmarinus officinalis L.concentration 20 40 60 80
Average diameter (mm) of microbial free zone area 7.3+0/5774 8.7+0/5 11 +0/5 14.4+0/2887

(-) in Table showed no inhibitory effects was shown
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Fig. 2. Antimicrobial activity of alcoholic Rosmarinus officinalis L. extract, on E. coli and S. aureus.

Table 4
Average diameter (mm) of microbial free zone area of by alcoholic Lavandula stoechas L.extract, on E. coli and S.
aureus (disk agar diffusion method).

Microorganism E. coli

Lavandula stoechas L.concentration 20 40 60 80
Average diameter (mm) of microbial free zone area - 6.4+0/5774 8.2+0/5 10.1 +0/5
Microorganism S. aureus

Lavandula stoechas L. concentration 20 40 60 80

Average diameter (mm) of microbial free zone area 9.3+0/5774 11.2+0/5 13 +0/2887 16.5+0/5

16 -
14 -
12 E. coli

10 + B S. aureus

mm

o N B O
1

20 40 60 80
concentration %

Fig. 2. Antimicrobial activity of alcoholic Lavandula stoechas L. extract, on E. coliand S. aureus.
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4. Discussion

Based on the results ethanolic extract of Lavandula stoechas L. and Rosmarinus officinalis L. in this study have
significant antimicrobial activity on the studied microorganisms. The results show that Lavandula stoechas L. and
Rosmarinus officinalis L. alcoholic extracted at all concentrations (20, 40, 60 and 80%) had the inhibitory effect on
S. aureus .The results show that Lavandula stoechas L. extracted at concentrations (40, 60 and 80%) had the
inhibitory effect on E. coli, However, 20% concentration extracts, have no significant antimicrobial effect on E. coli
and it is not able to prevent the growth of bacteria on culture. The results show that Rosmarinus officinalis L.
extracted at concentrations (60 and 80%) had the inhibitory effect on E. coli, However, (20 and 40 %)
concentration extracts, have no significant antimicrobial effect on E. coli and it is not able to prevent the growth of
bacteria on culture. Antimicrobial effect of the extracts was different, depending on the type of microorganisms,
thus, the gram-positive bacterium Staphylococcus aureus, was higher sensitivity compared to gram-negative
bacteria E. coli (Table 3, 4) and showed inhibitory effects at lower concentrations of Lavandula stoechas L. and
Rosmarinus officinalis L. extracts. Alcoholic extract of Rosmarinus officinalis L. extract was more effective
Lavandula stoechas L. (Table 3, 4 and Figure 2,3).

Gram-positive bacteria are more sensitive than gram-negative bacteria to alcoholic Lavandula stoechas L. and
Rosmarinus officinalis L. extracts, Due to differences in cell structure of gram-negative and gram-positive bacteria,
because gram-positive bacteria have more mucopeptide in their cell wall composition while gram-negative
bacteria have only a thin layer of mucopeptide and most of their cell structure is lipoprotein and lipo-
polysaccharides. Thus, gram-negative bacteria are more resistant (Tassou and Nychas., 1995; Ghalem et al., 2008).
These points were consistent with the results obtained in this study. Several mechanisms are discussed to explain
the antimicrobial effect. Kotzekidou et al., 2008 found that the antimicrobial compounds in the plant extract, have
interaction with the phospholipids’ two layers membrane, and affect the permeability of the bacterial cell
membrane, and released the intracellular components. In many studies, the mechanism of the cell wall is
considered. They have reported that cell wall and cell membrane affected and changed their permeability cause
Release of intracellular contents, which can be associated with impaired membrane function, such as electron
transfer, enzyme activity or nutrient uptake.

The results indicated that the rosemary extracts showed antibacterial activity, according to Weckesser et al.
(2007), mainly against the Gram-positive bacteria (S. aureus and B. cereus). The extracts also exhibited an effect
against the Gram-negative bacteria (E. coli and P. aeruginosa). However, this effect was less efficient than that
presented against the Gram-positive bacteria, since a higher MIC value was obtained with the Gram-negative
bacteria. A similar behaviour was reported by Panizzi et al. (1993).

Therefore, using Lavandula stoechas L. and Rosmarinus officinalis L. as a natural antimicrobial compounds in
vitro requires further research on mechanism of the pharmacy plant on the microorganisms.

Lavenders’ antimicrobial activity is usually attributed to their terpenic compounds (Lis-Balchin, 1998;
Hammer, 1999). In the essential oils of L. stoechas subsp. luisieri, the presence of necrodane derivatives have been
reported as the characteristic and dominant compounds, but chemotypes are mentioned (Matos et al., 2009;
Gonzalez-Coloma et al., 2011). Recent studies also report a variable chemical composition in L. pedunculata, but
concerning the presence of essential oils fenchone-1, 8-cineole- and camphor-rich (Zuzarte et al., 2010).

The plants are a reserve of biologically active substances. Essential oils can be a significant source of a great
diversity of chemical species equipped with antimicrobial capacity, the oil of Lavandula stoechas and Cistus
ladaniferus can have application in therapy of the infectious diseases is like substituent of certain antibiotics or like
complementary agents used in synergy with the synthesis substances. Essential oils can also have application in
food industries not only like aromatizing but also like preservative of foodstuffs.

In conclusion, it can suggest that Lavandula stoechas L.and Rosmarinus officinalis L. extract in In-vitro have
considerable antimicrobial ability over the studied strains. In addition, more studies are needed in In-Situ be done,
to identifying the effective dose of the extract on the microorganisms, and finally introduce the extract as a natural
and novel antimicrobial compound.

Acknowledgment

The authors wish to express their profound gratitude to Ms. Afsharian who helps about experiments

20



B.A. Behbahani et al. / Scientific Journal of Microbiology (2013) 2(1) 15-22

References

Ahmad, |., Beg, A.Z.,, 2001. Antimicrobial and phytochemical studies on 45 Indian medicinal plants
against multi-drug resistant human pathogens. Journal of ethnopharmacology, 74(2), 113-123.
Babayi, H., Kolo, I., Okogun, J., andljah, U., 2004. The antimicrobial activities of methanolic extracts of
Eucalyptus camaldulensis and Terminaliacatappa against some pathogenic microorganisms.

Biokemistri. 16(2), 106-111

Bauer, A., Kirby, W., Sherris, J.C., Turck, M., 1966. Antibiotic susceptibility testing by a standardized
single disk method. American journal of clinical pathology, 45(4), 493.

Collins, 1., Mehomood, Z., Mohammed, F., 1998. Screening of some Indian medicinal plants for their
antimicrobial properties.J). Ethnopharmacol. 62(2), 183- 193.

Collins, C.H., Lynes, P.M., Grange, J.M., 1995. Microbiological Methods. (7thEdn.) Butterwort-Heinemann
Ltd., Britain, pp.175-190.

Composition and Antifungal Activity of the Essential Oils of Lavandula pedunculata (Miller) Cav. Chem.
Biodivers. 6, 1283-1292.

Fernandez-Lopez, J., Zhi, N., Aleson-Carbonell, L., Perez-Alvarez, J., Kuri, V., 2005. Antioxidant and
antibacterial activities of natural extracts: application in beef meatballs. Meat science, 69(3), 371-
380.

Ghalem, B.R., Mohamed, B., 2008. Antibacterial activity of leaf essential oils of Eucalyptus globulus and
Eucalyptus camaldulensis. African Journal of Pharmacy and Pharmacology, 2(10), 211-215.

Gonzdlez-Coloma, A., Delgado, F., Rodilla, J. M., Silva, L., Sanz, J., and Burillo, J., 2011. Chemical and
biological profiles of Lavandula luisieri essential oils from western Iberia Peninsula populations.
Biochemical Systematics and Ecology, 39(1), 1-8.

Hammer, K. A, Carson, C,, Riley, T., 2001. Antimicrobial activity of essential oils and other plant extracts.
Journal of Applied Microbiology, 86(6), 985-990.

Inouye, S., Takizawa, T., Yamaguchi, H., 2001. Antibacterial activity of essential oils and their major
constituents against respiratory tract pathogens by gaseous contact. Journal of antimicrobial
chemotherapy, 47(5), 565-573.

Katona, J.M., Sovilj, V.J., Petrovi¢, L.B., 2010. Microencapsulation of oil by polymer mixture—ionic
surfactant interaction induced coacervation. Carbohydrate Polymers, 79(3), 563-570.

Kim, J.T., Ren, C.J., Fielding, G.A., Pitti, A., Kasumi, T., Wajda, M., Bekker, A., 2007. Treatment with
lavender aromatherapy in the post-anesthesia care unit reduces opioid requirements of morbidly
obese patients undergoing laparoscopic adjustable gastric banding. Obesity surgery, 17(7), 920-925.

Kotzekidou, P., Giannakidis, P., Boulamatsis, A., 2008. Antimicrobial activity of some plant extracts and
essential oils against foodborne pathogens in vitro and on the fate of inoculated pathogens in
chocolate. LWT-Food. Science and Technology, 41(1),119-27.

Lis-Balchin, M., Deans, S.G., Eaglesham, E., 1998. Relationship between bioactivity and chemical
composition of commercial essential oils. Flavour Fragr. J. 13, 98-104.

MA, E.L.M., ME, A., RA, A, NA, E., EE, E.L.K., 2010. Cytotoxicity of four essential oils on some human and
bacterial cells. Journal of Applied Sciences in Environmental Sanitation, 5(2), 143-159.

Matos, F., Miguel, M., Duarte, J., Venancio, F., Moiteiro C., Correia, A.l., Figueiredo, A.C., Barroso, J.G.,
Pedro, L.G., 2009. Antioxidant capacity of the essential oils from Lavandula luisieri, L. stoechas ssp.
lusitanica, L. stoechas ssp. lusitanica x L. luisieri and L. viridis grown in Algarve (Portugal). J. Essent.
Oil Res. 21, 327-336.

Natarajan, V., Venugopal, P., Menon, T., 2003. Effect of Azadirachta indica (neem) on the growth pattern
of dermatophytes. Indian journal of medical microbiology, 21(2), 98.

Organization, W.H., 2002. WHO traditional medicine strategy 2002—-2005. Geneva: WHO, 74.

21



B.A. Behbahani et al. / Scientific Journal of Microbiology (2013) 2(1) 15-22

Panizzi, L., 1993. Composition and antimicrobial properties of essential oils of four Mediterranean
Lamiaceae. Journal of Ethnopharmacology, Livorno/Pisa, v. 39, n. 3, p. 167-170.

Peng, Y., Yuan, J., Liu, F., Ye, J., 2005. Determination of active components in rosemary by capillary
electrophoresis with electrochemical detection. Journal of pharmaceutical and biomedical analysis,
39(3), 431-437.

Putnam, S.E., Scutt, A.M., Bicknell, K., Priestley, C.M., Williamson, E.M., 2007. Natural products as
alternative treatments for metabolic bone disorders and for maintenance of bone health.
Phytotherapy Research, 21(2), 99-112.

Rahman, M., Sh, G., 2002. Antibacterial activity of hydrodistilled essential oil of Psammogeton
Canescens NO Umbelliferae. Biotechnology, 1(1), 55-60.

Sattari, M., Shahbazi, N., Najjar, Sh., 2005. The antibacterial activity of methanolic extract of Eucalyptus
against Pseudomonas aeroginosa. J TarbiatModarres. 8(1), 19-23. [in Persian].

Shahidi, F., and P.D. Wanasundara 1992: Phenolic antioxidants. Critical Reviews in Food Science and
Nutrition, 32 (1), 67-103.

Takahashi, T., Kokubo, R., and Sakaino, M. (2004). Antimicrobial activities of eucalyptus leaf extracts and
flavonoids from Eucalyptus maculata. Letters in applied microbiology, 39(1), 60-64.

Tassou, C.C., Nychas, G.J., 1995. Antimicrobial activity of the essential oil of Mastic fum on gram -
positive and gram — negative bacteria in broth and model food systems. Int. Biodeterio. biodegrad.
36,411- 20.

Valero, M., Salmeron, M., 2003. Antimicrobial activity of 11 essential oils against Bacillus cereus in
Tyndallized carrot broth. Int J Food Microbiology. 85, 73-81.

Weckesser, S., 2007. Screening of plant extracts for antimicrobial activity against bacteria and yeasts
with dermatological relevance. Phytomedicine, Freiburg, v. 14, n. 7-8, p. 508-516.

Zuzarte, M., Dinis, A.M., Cavaleiro, C., Salgueiro, L., Canhoto, J.M., 2010. Trichomes, essential oils and in vitro
propagation of Lavandula pedunculata (Lamiaceae). Ind. Crops Prod. 32, 580-587.

22



