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 Abstract.- Antimicrobial activity of methanol, ethanol, ethyl acetate extracts and essential oil of Phlomis 
oppositiflora was investigated against eight bacteria and three fungi by disc diffusion method. The methanol, ethanol 
and ethyl acetate extracts of P. oppositiflora showed antibacterial activity with 8-15 mm, 7-11 mm 8-9 mm inhibition 
zones) and antifungal activity with 9-13 mm and 8-15 mm and 9-12 mm inhibition zones at 30 µl-1. The essential oil 
of P. oppositiflora shows antibacterial activity with 7-10 mm inhibition zone at 1 µl-1; and antifungal activity with 9-
12 mm inhibition zone at 2 µl-1. There is no statistical difference between 2 µl-1 essential oil and methanol extract of P. 
oppositiflora standard antibiotics (V30 and E15) in respect to antibacterial effectiveness in E. coli. The essential oil, 
however, had a more significant antibacterial effect on E. coli than did the methanol extract (f= 81,905; df= 8; p‹ 
0,0001). To conclude P. oppositiflora contains antimicrobial components against various microorganisms, which 
could be important in various pharmaceutical preparations. 
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INTRODUCTION 
 

 Flora of Turkey is rich and diverse with 
well over 11000 flowering taxa recorded (Başer, 
2002). The genus Phlomis L. has more than 100 
species of herbs or shrubs scattered in Europe, Asia 
and North Africa. It has recently been documented 
that 52 taxa including 6 varieties, 12 natural hybrids 
and 34 endemic taxa of Phlomis are growing in 
Turkey (Demirci et al., 2006). In Anatolian folk 
medicine, some Phlomis species have been 
generally used as botanical teas (Dağçayı) as tonic, 
carminative, appetizer and stimulants and painkiller 
for stomachache and diuretics, and for curing of 
ulcers and haemorrhoids (Baytop, 1994, 1999). 
Phytochemical studies of the Phlomis genus have 
been described that they involve iridoids, 
flavonoids, phenylpropanoids, phenylethanoids, 
lignans, neolignans, diterpenoids, alkaloids and 
essential oils (Saracoglu et al., 2003; Calis et al., 
2005a; Zhang and Wang, 2008). Different classes of 
glycosides comprising the phenylpropanoids and 
phenylethanoids, iridoids, monoterpenoids and 
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diterpenoids as well as a caffeic acid ester have been 
isolated from Turkish Phlomis species (Ersöz et al., 
2002). Moreover, it has been reported that new 
natural products, including a new phenylethanoid 
glycoside and along with a new neoglinanglucoside 
have been shown in the aerial parts of P. 
oppositiflora (Calis et al., 2005b). Some of the 
Phlomis species are locally known as Ballık otu, 
Şalvar otu, Çalba or Şalba in Turkey (Baytop, 1999; 
Harput et al., 2006). P. oppositiflora is an endemic 
variety among Phlomis species in Turkey, 
distribution on calcareous slopes and steppe at 910-
1500 meters. To the best of our knowledge, there 
has been no information available about 
antimicrobial activities of P. oppositiflora. 
Therefore, the preliminary assay was undertaken to 
study the antibacterial and antifungal activities of 
different extracts and essential oil of P. 
oppositiflora.  

 
MATERIALS AND METHODS 

 
Plant sample and morphological properties  
 Aerial parts of Phlomis oppositiflora Boiss. & 
Hausskn. (Lamiaceae) were collected by Dr. E. 
Toroğlu from a step area in Aladağlar Mountain 
(Kayseri–Turkey) at an altitude of 1500m during the 
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flowering stage in July 2004. The plant was 
identified by Dr. M. Çenet.  A voucher specimen 
was deposited in the Herbarium of the Department 
of Biology, Osmaniye Korkut Ata University, 
Osmaniye, Turkey (Voucher no: 1830). The plants 
were dried in the shade at ambient temperature. 
Morphological properties of P. oppositiflora were 
determined using stereo microscope (Nikon SMZ 
1000 model) and the present results were compared 
with the previous data from the flora of Turkey 
(Davis et al., 1982).  
 
Preparation of extracts 
 P. oppositiflora used was dried and broken 
into small parts under sterile conditions, and 20 g of  
this plant was extracted with 150 ml of methanol, 
ethanol and ethyl acetate (Merck, Darmstadt) for 24 
hr by Soxhlet apparatus (Khan et al., 1988; 
Alzoreky and Nakahara, 2003). Most of the solvents 
of methanol, ethanol and ethyl acetate extracts were 
evaporated in vacuo at 30oC using a rotary 
evaporator until 1ml. The disc assay described by 
Bauer et al. (1966) was used. All of the extracts 
individually were injected into empty sterlized 
antibiotic discs having a diameter of 6 mm 
(Schleicher and Schül No:2668, Germany) in the 
quantity of 30µl. Discs injected with pure methanol, 
ethanol and ethyl acetate served as negative 
controls. 
 
Preparation of essential oil 
 P.oppositiflora was dried, broken into parts 
using blender and was exposed to hydrodistillation 
for 2.5 h, using a Clevenger-type equipment, 
according to the method recommended by the 
European Pharmacopoeia (1975) to produce 
essential oils. 
 The essential oil obtained was individually 
injected into empty sterilized antibiotic discs in 6 
mm diameter (Schleicher and Shull No: 2668, 
Germany). 0.5, 1, 2 µl of essential oil were saturated 
to antibiotic discs for determination of inhibition 
zones (Brooks et al., 1995; Toroglu, 2007, 2011). In 
addition, standard antibiotic discs were also used as 
positive controls. 
 
Microorganisms 
 The tested microorganisms were supplied 

from the culture collections of the Microbiology 
Laboratory of the Science and Art Faculty of the 
University of Kahramanmaras Sutcu Imam, in 
Kahramanmaras Turkey. Test microorganisms 
include Escherichia coli ATCC 8739, 
Staphylococcus aureus 6538 P, Klebsiella 
pneumonia 13883, Mycobacterium smegmatis CCM 
2067, Pseudomonas aeruginosa ATCC 27859, 
Enterobacter cloaca ATCC 13047, Bacillus 
megaterium NRS, Micrococcus luteus LA 2971 
bacteria, and Rhodotorula rubra, Candida albicans, 
Kluyveromyces marxianus fungi, Vancomycin 
(30µg/disc), Erytromycin (15µg/disc), Nystatin 100 
Units (10µg/disc) discs were used as standard 
antibiotics. 
 
Antimicrobial assays 
 The bacteria were incubated in Nutrient Broth 
(NB) (Difco) at 37±0.1oC for 24 h, and the yeasts in 
Sabouraud Dextrose Broth (SDB) (Difco) at 
25±0.1oC for 24 h. The bacteria and yeasts were 
inoculated into petri dishes (9 cm) in the amount of 
0.01 ml (106 ml-1 for the bacteria and 105 ml-1 for 
the fungi) (NCCLS, 2000), 15 ml of Mueller Hinton 
Agar (MHA, Oxoid) and Sabouraud Dextrose Agar 
(SDA) (sterilized in a conical flask and cooled to 
45-50oC) were homogenously dispersed onto the 
sterilized petri dishes (Collins et al., 1989; 
Bradshaw, 1992). Sterilized blank paper discs in 6 
mm diameter were saturated with 0.5, 1 and 2 µl of 
essential oil by microinjector (Hamilton) and with 
30µl of methanol, ethanol and ethyl acetate extracts 
per disc.  
 Standard antibiotic discs were saturated with 
30 µl of the extracts and saturated with 0.5, 1 and 2 
µl of essential oil per disc then placed onto petri 
dishes which had previously been inoculated with 
the above microorganisms (with the bacterium or 
the fungus). The petri dishes with bacterium or 
fungus culture were left at 4oC for 2 h, and then the 
petri dishes inoculated with bacterium culture were 
incubated aerobically at 37±0.1oC for 24 h, the petri 
dishes inoculated with fungus culture were 
incubated aerobically at 25±0.1oC for 48 h (Collins 
et al., 1989; Bradshaw, 1992). At the end of the 
period, the diameter of inhibition zones were 
measured in mm. These studies were made in 
triplicate. 
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Statistical analysis 
 Data from treatments for each plant were 
subjected to analysis of variance (ANOVA) (one-
way ANOVA) using the SPSS 17.0 for Windows to 
find out the most effective plant extract and the 
most sensitive test microorganisms. Means were 
separated at the 5% significance level by the least 
significant difference (LSD) test (SPSS 17.0 
commercial software, SPSS Inc., Chicago, IL). 
 

RESULTS AND DISCUSSION 
 
 As shown in Table I, in vitro antibacterial and 
antifungal activities of essential oil and solvent 
extracts of P. oppositiflora and the inhibition zones 
were constituted by standard antibiotic discs. 
Methanol, ethanol and ethyl acetate used as controls 
did not show antimicrobial activity against all the 
microorganisms. All plant based solvent extracts 
and essential oils used in this study revealed to have 
lower antimicrobial effect compared to standard 
antibiotics.  
 As it can obviously be seen from Table I, the 
essential oil of P.oppositiflora has antibacterial and 
antifungal activities. Although, the essential oil of 
P.oppositiflora did not show inhibition zones 
against tested all bacteria at low quantity (0.5 µl), it 
showed inhibition zones against tested all bacteria at 
high quantity (1 and 2 µl). But, the essential oil of 
P. oppositiflora showed inhibition zones against 
tested all fungi, both at the low and at the high 
quantity.  
 In the present study, the essential oil of P. 
oppositiflora showed antibacterial activity (7-9 mm 
0.5 µl-1 inhibition zone; 7-10 mm 1 µl-1 inhibition 
zone; 8-13 mm 2 µl-1 inhibition zone) to the listed 
bacteria. The essential oil of P.oppositiflora showed 
antifungal activity (8-9 mm 0.5 µl-1 inhibition zone; 
9-12 mm 1 µl-1 inhibition zone; 10-13 mm 2 µl-1 
inhibition zone) to the listed fungi. 
 When P.oppositiflora essential oil applied 
onto assay discs at a ratio of 0.5 µl, Rhodotorula 
rubra (9mm) and Candida albicans (9mm), among 
tested microorganisms. When P. oppositiflora 
essential oil applied onto assay discs at a ratio of 1 
µl, Candida albicans (12mm), Rhodotorula rubra 
(11mm) and Klebsiella pneumonia (10mm). An 
increasing concentration of Phlomis oppositiflora 

essential oil (2 µl) significantly inhibited the growth 
of Mycobacterium smegmatis (13mm), Bacillus 
megaterium (12mm), Rhodotorula rubra (12mm), 
Candida albicans (13mm). The antimicrobial 
activity of essential oil of P. oppositiflora, the 2 µl-1 

essential oil showed the best antibacterial activity 
against M. smegmatis (13 mm 2 µl-1 inhibition 
zone), antifungal activity against C. albicans (13 
mm 2 µl-1 inhibition zone). When compared with 
antimicrobial standards,  antimicrobial activity of P. 
oppositiflora essential oils (0.5 µl to 2 µl/disc) were 
observed ranging from weak to moderate. 
 Previous studies on the members of the 
genera Phlomis showed antimicrobial activity 
associated with the essential oil to be low and/or 
high levels compared with the current studies.  
 Ristic et al. (2000) demonstrated that 
essential oil of P. fruticosa did not show any activity 
towards P. aeruginosa and Streptococcus faecalis. 
In those work, significant activity towards S. aureus, 
E. coli, B.subtilis, K. pneumoniae and Micrococcus 
luteus were also observed depending on the 
increasing concentration. Aligiannis et al. (2004) 
evaluated the MIC (mg/mL) values of the essential 
oils of three Phlomis species. P.cretica, P. samia 
and P. fructicosa were active on S. aureus, S. 
epidermidis, P. aeruginosa, E. cloacae, K. 
pneumoniae, and E. coli.  
 In a recent study by Demirci et al. (2008), 
who reported that P. russeliana (Sims.) Bentham 
and P. grandiflora H.S. Thompson var. grandiflora 
essential oils were tested in vitro against prevalent 
food borne bacteria and an anaerobic pathogen 
bacteria. When compared with antimicrobial 
standards, antimicrobial activity of these plants 
esential oils observed changed from weak to 
moderate (Demirci et al., 2008), which partially 
support our findings.  
 In the present study, as likened among 
different extracts (methanol, ethanol, and ethyl 
acetate extracts 30 µl-1) of P.oppositiflora, 
antimicrobial activities of methanol and ethanol 
extracts of it showed higher than ehyl acetate 
extracts of it. Although methanol and ethanol 
extracts displayed antimicrobial activity towards all 
tested microorganisms, ethyl acetate extract did not 
show antimicrobial activity towards all tested 
microorganisms.  
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Table I.- Antimicrobial activities of essential oil and different extracts of Phlomis oppositiflora Boiss. & Hausskn. 
 

Inhibition zone (mm)* 
Phlomis oppositiflora Antibiotics (µg/disc) 

Extracts (30µl/disc) Essential oils (µl/disc) 
Microorganisms 

A B C 0.5 1 2 V30 E15 N10 

 
Controls 
(A,B,C) 

           
Escherichia coli ATCC 8739 8b 7b 0a 7b 7b 10c 11c 10c NT 0a 
Staphylococcus aureus 6538 P 8b 10c 0a 0a 7b 8b 15d 16d NT 0a 
Klebsiella pneumonia 13883 9b 9b 0a 9b 10bc 11c 21e 18d NT 0a 
Mycobacterium smegmatis CCM 2067 11c 10c 0a 0a 7b 13d 22e 27f NT 0a 
Pseudomonas aeruginosa ATCC 27859 9d 7b 0a 0a 7b 8bc 17e 35f NT 0a 
Enterobacter cloaca ATCC 13047 15e 11d 9c 0a 7b 8bc 27f 28f NT 0a 
Bacillus megaterium NRS 10c 8b 0a 8b 9bc 12d 16e 25f NT 0a 
Micrococcus luteus LA 2971 14d 9c 8bc 7b 8bc 9c 21e 34f NT 0a 
Rhodotorula rubra. 13d 12cd 9b 9b 11c 12cd NT NT 18e 0a 
Candida albicans 9b 15d 12c 9b 12c 13c NT NT 18e 0a 
Kluyveromyces marxianus 0a 8b 0a 8b 9bc 10c NT NT 14d 0a 
           
0.5 (µl/disc), 1 (µl/disc), 2 (µl/disc) of Concentrations of the Oil  
V30: Vancomycin (30 µg/disc), E15: Erytromycin (15 µg/disc), N10: Nystatin 100 Units (10 µg/disc)  
NT: Not tested discs were used as standard antibiotics 
A: Methanol; B: Ethanol; C: Ethyl acetate 
*Values, including diameter of the filter paper disc (6.0 mm), are means of three replicates.  
(a-g)Values specified in the same letters in the same row are not statisticaly significant. 
 
 When it comes to antimicrobial activity of 
different extracts of P. oppositiflora, the methanol 
extract of P. oppositiflora showed antibacterial 
activity (8-15 mm 30 µl-1 inhibition zone) to the 
listed bacteria and presented antifungal activity (9-
13 mm 30 µl-1 inhibition zone) to the listed fungi. 
The ethanol extract of P. oppositiflora displayed 
antibacterial   activity  (7-11  mm  30 µl-1  inhibition  
zone) to the listed bacteria and showed antifungal 
activity (8-15 mm 30 µl-1 inhibition zone) to the 
listed fungi. The ethyl acetate extract of 
P.oppositiflora showed antibacterial activity (8-9 
mm 30 µl-1 inhibition zone) to the listed bacteria and 
presented antifungal activity (9-12 mm 30 µl-1 
inhibition zone) to the listed fungi. 
 Methanol extract of P. oppositiflora revealed 
activity against all of the tested bacteria and fungi, 
except Kluyveromyces marxianus. When methanol 
extract applied onto assay discs at a ratio of 30 µl, 
Enterobacter cloaca (15mm), Micrococcus luteus 
(14mm) and Rhodotorula rubra (13mm) were the 
most sensitive organisms among tested 
microorganisms. Ethanol extract of P.oppositiflora 
revealed activity against all of the tested bacteria 
and fungi. When ethanol extract applied onto assay 

discs at a ratio of 30 µl, Candida albicans (15mm), 
Rhodotorula rubra (12mm) and Enterobacter 
cloaca (11mm) were the most sensitive 
microorganisms. Among the extracts, ethanol 
extract displayed activity against Kluyveromyces 
marxianus in fungi. Unlike methanol and ethanol 
extracts, ethyl acetate extract of P.oppositiflora, did 
not displayed activity against six bacteria, namely 
Escherichia coli, Staphylococcus aureus, Klebsiella 
pneumoniae, Mycobacterium smegmatis, 
Pseudomonas aeruginosa, Bacillus megaterium. 
When P.oppositiflora ethyl acetate extract applied 
onto assay discs at a ratio of 30 µl, Candida 
albicans (12mm) was the most sensitive 
microorganisms. The methanol extract of P. 
oppositiflora showed the best antibacterial activity 
against E. cloaca (15 mm 30 µl-1 inhibition zone). 
The ethanol extract of P. oppositiflora showed the 
best antifungal activity C.albicans (15 mm 30 µl-1 

inhibition zone). If the extraction solvent type 
considered, methanol and ethanol extraction were 
more suitable than ethyl acetate extraction for 
higher inhibition zones.  
 In this study, there is no statistical difference 
between 2 µl-1 essential oil and standard antibiotics 
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(V30 and E15) in respect to antibacterial 
effectiveness in the investigated E. coli. The 2 µl-1 

essential oil was as effective as standard antibiotics 
(V30 and E15) with respect to antibacterial activity 
against E. coli. The methanol extract of P. 
oppositiflora showed antibacterial activity against E. 
coli close rate to standard antibiotics (V30 and E15). 
Moreover, 2 µl-1 essential oil had a more significant 
antibacterial effect on E. coli than did the methanol 
extract of P. oppositiflora (f= 81,905; df= 8; p‹ 
0,0001). 
 The 2 µl-1 essential oil of P. oppositiflora 
showed antibacterial activity against B. megaterium 
close rate to standard antibiotics (V30 and E15) (f= 
266,476; df= 8; p‹ 0,0001). The methanol and the 
ethanol extracts and the 2 µl-1 essential oil of P. 
oppositiflora showed antifungal activity against R. 
rubra close rate to standard antibiotic (N10) (f= 
170,667; df= 7; p‹ 0,0001). The ethanol extracts and 
the 2 µl-1 essential oil of P. oppositiflora showed 
antifungal activity against C. albicans close rate to 
standard antibiotic (N10) (f= 187,429; df= 7; p‹ 
0,0001). The 1 µl-1 and 2 µl-1 essential oils of P. 
oppositiflora showed antifungal activity against K. 
marxianus close rate to standard antibiotic (N10) (f= 
176,600; df= 7; p‹ 0,0001). 
 Previous studies on the members of the 
genera Phlomis showed antimicrobial activity 
associated with solvent based extracts or fractions 
isolated from solvent extracts or essential oils. 
 Ristic et al. (2000) reported that ethanol 
extracts of P. fruticosa showed antimicrobial 
activity against S. aureus and B. Subtilis, they didn’t 
show P. aeruginosa, E. coli, S.faecalis, K. 
pneumoniae and M. luteus. In another study, Calis et 
al. (2005a) isolated phenyl ethanoid glycosidic 
compounds from P.viscosa and tested against 
different bacteria, namely S. aureus, E faecalis, E. 
coli and P. aeruginosa. Some of tested compounds 
showed very weak activity against two gram 
positive bacteria, but all compounds were inactive 
towards all gram negative bacteria. Kyriakopoulo et 
al. (2001) reported that a phenylethanol glycoside 
(called as samioside) from P.samia showed activity 
on S. aureus, S.epidermidis, E. cloacae, E. coli, K. 
pneumoniae and P. aeruginosa.  
 Former antimicrobial activity studies on 
diverse Phlomis species from different localities 

demonstrated inhibitory activity against a broad 
spectrum of microorganisms such as human, animal 
and plant pathogen microorganisms (Couladis et al., 
2000; Ristic et al., 2000; Tsitsimi, et al., 2000; 
Kyriakopoulou et al., 2001; Aligiannis, et al., 2004; 
Demirci et al., 2008), which partially support our 
findings. 
 Our data similar to the earlier studies reported 
above. Differences in the activity of P. oppositiflora 
used in this work may be due to variations in the 
phytochemicals in the extracts of the plant species. 
 Plants employed a significant reference of 
potentially useful structures for the development of 
new chemotherapeutic medicines. The primary step 
towards this target is the in vitro antibacterial 
activity experimentations (Tona et al., 1998). The 
differences in composition is probably due to 
climate, soil composition, altitude and age as well as 
species (Bakkali et al., 2008). 
 Some researchers stated that there is a 
relationship between the chemical structures of the 
most plentiful compounds in the tested extracts or 
essential oils of plants and the antimicrobial activity 
(Farag et al., 1989; Deans and Svoboda, 1989). 
 Noteworthy progress has been made in 
establishing the pharmacological mechanisms of 
Phlomis sp. and the individual constituents 
responsible for them. Phytochemical composition 
studies have revealed that iridoids, flavonoids, 
phenylpropanoids, phenylethanoids, lignans, 
neolignans, diterpenoids, alkaloids, β-
caryophyllene, α-pinene, germacrene D, limonene 
and linalool,  bicyclogermacrene and essential oils 
are the main components of Phlomis species (Kamel 
et al., 2000; Couladis et al., 2000; Saracoglu et al., 
2003; Celik et al., 2005; Zhang and Wang, 2008, 
2009). In another study, Calis et al. (2005a) isolated 
phenyl ethanoid glycosidic compounds from P. 
viscosa. Kyriakopoulo et al. (2001) reported that a 
phenylethanol glycoside (called as samioside) from 
P. samia.  
 Some of these constituents varying in 
quantity and composition were also reported from 
Phlomis species by other researchers (Tsitsimi et al., 
2000; Ghassemi et al., 2001; Sokovic et al., 2002; 
Mirza and Nik, 2003). Antimicrobial activity can be 
based on these compounds.  
 Flavonoid compounds are reported to have 
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antimicrobial property (Hymete et al., 2005). 
Phytochemical combinations with high flavonoid 
ingredient have also been reported to show 
antibacterial activity (Quarenghi et al, 2000; Rauha 
et al., 2000). Karou et al. (2006) stated that the 
alkaloids from Sida acuta displayed good 
antimicrobial activity against several test 
microorganisms. Similarly, Aljadi and Yusoff 
(2003) reported that phenolic acids and the 
phenylpropanoid compounds have showed an 
important antibacterial activity and biological 
activity and are therapeutic agents of crude drugs. 
Two kaurane diterpenes isolated from Aspilia 
foliacea are reported to have antimicrobial property 
against various oral pathogens (Ambrosio et al., 
2008). Also, Barbary et al. (2010) reported that 
lignans are important plant phenolic compounds and 
lignan extracts showed antimicrobial activity against 
various microorganisms. Lee et al. (1986) reported 
that aucubin, an iridoid glycoside displayed 
antimicrobial activity, and some researchers did 
similar studies (Yang et al., 2006; Modaressi et al., 
2009). 
 Essential oils are sufficiently complex 
combinations, which are well known to have 
varying in vitro and in vivo antimicrobial actions. 
They generally show selective toxicity against 
different pathogen microorganisms and are 
relatively safe both to animals and humans (Cowan, 
1999; Burt, 2004). 
 

CONCLUSIONS 
 
 Essential oils and solvent extracts of plants 
and their active components, possessing 
antimicrobial activity besides several biological 
activities, can be supplied instead of expensive 
antibiotics in the effective control of different 
pathogen microorganisms. Phlomis essential oils 
evaluated in this study showed varying 
antimicrobial activity against all tested bacteria and 
fungi. It is worthwhile also to test other sections for 
their antimicrobial and biological activity functions 
and mechanisms of actions. 
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