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Abstract. Multidrug resistant isolates of Klebsiella pneumoniae, especially the strains that produce extended spectrum β-lactamases 
(ESBLs), are a major cause of therapeutic failure and high mortality rates. Isolates with ESBL phenotypes are resistant to the new 
generation of cephalosporins. This study aimed to evaluate the antimicrobial activity of the essential oils from Mentha piperita and 
Zhumeria majdae, Ziziphora tenuior against ESBL K. pneumoniae by disk diffusion method and macro broth dilution assay. The 
synergistic activity of these oils with chemical antibiotics (such as cefotaxime, ciprofloxacin, gentamicin, ceftazidime and amikacin) 
was assessed by disk diffusion method. This method showed that the antimicrobial activity of Z.  tenuior oil (11.8± 0.28 mm) was 
close to that of Z.  majdae oil (12.6± 0.26mm). The Mentha piperita oil (which had a zone inhibition 10.6± 0.22 mm) was less effective 
than the Z. majdae and Z. tenuior essential oils. The antimicrobial effects of the oils were increased when they were used in 
combination. The synergistic effects of essential oils with different antibiotics is varied from gentamicin (P value<0.0001) which had 
high synergistic effect to amikacin which had the least activity. Z. majdae and Z.  tenuior oils had bactericidal and inhibitory effects 
on 12% and 88% of K. pneumoniae isolates respectively; a combination of these oils had inhibitory effects of 8% and 92%, respectively. 
The combination of two oils showed more inhibitory effect than that of each individual oil. This study showed that Z. majdae and Z.  
tenuior essential oils can be used as candidates for treatment of infectious diseases that is caused by K. pneumoniae. 
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Introduction 
 
Klebsiella pneumoniae is an important cause of nosocomial in-
fection in adult and pediatric populations and accounts for 
approximately 8% of all hospital acquired infections (Ma de 
Lourdes et al. 1997). It is a major cause of surgical infection, 
bacteremia, respiratory diseases and urinary tract infections. 
Microorganisms involved in the etiology of urinary tract in-
fection (such as Escherichia coli and Klebsiella pneumoniae) 
have the ability to produce large quantities of extended spec-
trum β-lactamases (ESBLs) encoded by plasmids (Bradford 
2001). The plasmid contains additional resistant genes to 
other antibiotics. Isolates containing the ESBL phenotype can 
hydrolyze oxyimino cephalosporins such as ceftazidime and 
cefotaxime; however, the hydrolyzing enzymes are inhibited 
by β-lactamases inhibitors. The extensive use of broad–
spectrum antibiotics in hospitalized patients has led to both 
an increased carriage rate of K. pneumoniae and the devel-
opment of multi-drug resistant strains that produce ESBLs 
(Jan et al. 1998). 

The incidence of ESBL K. pneumoniae approaches 50% in 
some eastern European countries and Latin America (Brad-
ford 2001). The prevalence of ESBL isolates at Tehran hospi-
tals has reached 44.5%. We previously found that 33% of 
ESBL strains are resistant to gentamicin and ciprofloxacin. 
Interestingly, up to 40% of these isolates also exhibited resis-
tance to cefepime, a fourth generation cephalosporin (Feiza-
badi et al. 2006).  

Although pharmaceutical industries have developed a 
number of new antimicrobial drugs in recent years, resis-
tance to these compounds (i.e. through β-lactamase inhibi-
tors) has also emerged. In recent years, interest in discover-
ing naturally based antimicrobials has increased (Mahboobi 
et al. 2006). Plant derivatives such as essential oils and ex-

tracts can be viable alternatives to antibiotics. Essential oils 
and volatile substances found in plant materials play an im-
portant role in protecting plants against invasive microor-
ganisms (Cowan 1999). Consequently, these compounds 
may have antimicrobial activity. Taking this into considera-
tion, we screened the antimicrobial activity of three oils 
against ESBL K. pneumoniae: Mentha piperita, Zhumeria majdae 
and Ziziphora tenuior. 

Mentha piperita (peppermint) is commonly used in folk 
medicine as flavoring agents in foods and as fragrances in 
cosmetic products. Peppermint oil is used in confectionary, 
liquors, toothpaste and many other products (Aghel et al. 
2002).  

Zhumeria majdae (which has a local name of "Mohrek-
hosh") was described as the first species of Zhumeria genus 
grown in a limited geographical area of southern Iran (Mo-
zaffarian 1996). The leaves of Z. majdae have been used for 
many years as a curative for stomachaches, painful men-
struation and as an antiseptic (Rustaiyan et al. 1995).  

Ziziphora tenuior are commonly used as food and yoghurt 
flavoring. The plant has been used as an anti flatulent, ex-
pectorant and stomachic.  

The objective of this research was to evaluate the poten-
tial antimicrobial activities of Mentha piperita, Zhumeria ma-
jdae and Ziziphora tenuior essential oils against clinical iso-
lates of K. pneumoniae with ESBL phenotype. Moreover, we 
investigated the synergistic effects of the essential oils with 
antimicrobial agents against these isolates. 
 
 
Materials and methods 
 

Microbial Samples 
 Fifty isolates of K. pneumoniae with ESBL phenotypes were cultured 
from urine, respiratory tract and other clinical specimens of patients 
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at three hospitals in Tehran. The methods for identifying and testing 
the drug susceptibility of these isolates were explained elsewhere 
(Feizabadi et al., 2006). K. pneumoniae ATCC 10031 was used as a con-
trol in all experiments. 
 

Essential oils and GC/GC-MS analysis 
Essential oils from Mentha piperita, Zhumeria majdae and Ziziphora 
tenuior were obtained from the Barij Essence Pharmaceutical Com-
pany (Kashan, Iran). 

The oil analysis was carried out using GC-FID and GC/MS. The 
GC apparatus was Agilent technology (HP) 6890 system, capillary 
column of HP-5MS (60 m × 0.25 mm, film thickness 0.25 µm). The 
oven temperature program was initiated at 40 °C, held for 1 min 
then raised up to 230 °C at a rate of 3 °C/min, and maintained for 10 
min. Helium was used as the carrier gas at a flow rate of 1.0 ml/min. 
The detector and injector temperatures were 250 and 230°C respec-
tively. GC/MS analysis was conducted on a HP 6890 GC system 
coupled with a 5973 network mass selective detector with a capillary 
column the same as above, carrier gas helium with flow rate 1 
ml/min with a split ratio equal to 1/50. The programmed injector 
and oven temperature was identical to GC. The compounds of the oil 
were identified by comparison of their retention indices (RI), mass 
spectra fragmentation with those on the stored Wiley 7n.1 mass com-
puter library, NIST (National Institute of Standards and Technology) 
and data published in the literature (Adams 2001).   
 

Antibiotics  
To evaluate the synergistic activity of essential oils with antimicro-
bial agents, we used commercially available disks (Oxoid, UK) im-
pregnated with the following antibiotics (concentration in µg): gen-
tamicin (10), amikacin (30), ciprofloxacin (5), cefotaxime (30), cef-
tazidime (30), cefexime (5). 
 

Screening for the antimicrobial activity of essential oils  
The K. pneumoniae isolates were cultured on nutrient agar at 37°C 
overnight. 2-3 colonies from each isolate were suspended in normal 
saline and the turbidity was adjusted to equal 0.5 McFarland (108 
CFU/ml). The prepared cell suspensions were inoculated on the sur-
face of Muller Hinton agar plates.  

Filter paper disks (6 mm in diameter) were then put on the 
plates. 2 µl of each essential oil were inoculated on separate blank 
and antibiotic disks. The essential oil was dissolved in Dimethyl sul-
foxide. The plates were incubated at 37°C for 24 hours and the in-
hibitory zones were measured in millimeters (Nascimento et al. 
2000). The blank disks containing Dimethyl sulfoxide (DMSO) were 
used as control. 

The minimal inhibitory concentration (MIC) was determined by 
macro broth dilution method using 2-fold dilutions of each oil rang-
ing from 4-500µg/ml. The antimicrobial effects of different combina-
tions of essential oils were also determined under similar conditions. 

The bacterial inoculation was adjusted to 106 CFU/ml and incubated 
at 37°C for 24 h (CLSI 2009). The MIC value was defined as the first 
tube that did not show any turbidity and the MBC was the first tube 
that did not have any growth on solid media. 
 

Statistical procedures 
The Goodness-effect test was used to assess whether the observa-
tions came from the normal distribution or not.  To determine the 
differences between the effects of the essential oils we used the one 
One Way Anova test and the Post Hoc Tukey procedure at 0.05 lev-
els. 

 
 

Results and discussion 
 
Thirty eight and thirty three components were found in the 
M. piperita and Z. majdae oil respectively. This accounted for 
98.7% and 98% of total oils where eighteen and eleven com-
pounds comprised more than 51.3 and 91.5% of oils, respec-
tively (Tables 1, 2). 

Menthole (36.9%) and L. menthone (23.4%) were the ma-
jor components of M. piperita oil followed by p-menthane-3-
one, methyl acetate and carveone (Table 1). 

 
Table 1.  Main components (>0.4%)  

of M. piperita essential oil. 
 

(%) RI* Compounds 
0.5 855 α-pinene 
0.8 895 β- pinene 
3.7 945 1,8-cineole 
3.3 948 1-limonene 
0.5 976 Trans sabinene hydrate 
23.4 1057 L -menthone 
5.4 1063 p-menthan-3-one 
1.9 1065 Menthofuran 
3.8 1069 Neo-menthol 
36.9 1090 Menthole 
0.63 1094 Beta fenchyl alcohol 
3.8 1127 Carveone 
0.6 1133 Cis-3-hexenyl isovalerate 
0.8 1135 Piperitone 
1.2 1165 Trans-anethole 
4.5 1183 Methyl acetate 
1.6 1320 Trans caryophyllene 
1.3 1359 β- cubebene 

 

RI= Retention Index 
 

 
Table 2. Main components (>0.4%) of Z. majdae essential oil. 

 

(%) RI* Compounds 
0.9 742 Camphene 
1.4 892 Cis linalool oxide 
1.5 917 Trans linalool oxide 
58.3 937 Linalool 
25.9 956 Camphor 
1.1 995 Borneol 
1.1 1073 Beta fenchyl alcohol 
0.7 1132 Nerol 
0.7 1152 Geraniol 
0.4 1171 3,7-dimethylocta-1,7-dien-3,6-diol 
0.6 1397 Oleic acid 

 

RI= Retention Index 
 
 

Linalool (58.3%) and camphor (25.9%) were the major 
components found in the Z. majdae oil followed by trans li-
nalool oxide and cis linalool oxide (Table 2). 

Sixty four components were identified in Z. tenuior oil 
accounting for 99.8% of the total oil; nineteen components of 
these components comprised more than 82.8% of oil. α- ter-
pineole (16.2%), thymol (10.4%), p- cymene (6.1%), geranyl 
acetate (5.2%), 1,8-cineole (5.1%), geraniol (4.4%), linalool 
(4.1%) and trans caryophyllene (3.5%) were the main com-
ponents of this essential oil (Table 3). 

The antimicrobial activity of the oils and their potency 
were qualitatively assessed by determining the inhibition di-
ameter. The inhibitory zones produced by the essential oils 
around the disks are shown in Figure 1. In disk diffusion 
method, the inhibition zone of Z. tenuior oil (11.8± 0.28 mm) 
was similar to Zhumeria majdae oil (12.6± 026 mm) and 
stronger than the peppermint oil which had an inhibition 
zone of 10.6±.022 mm. Peppermint oil was less effective than 
the Z. majdae and Z.  tenuior oils. Both the MICs and MBCs of 
the  Iranian strains  were higher than that of the reference  
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strains.  
A combination of Z. majdae oil and Z.  tenuior oil (1:1) ex-

hibited an inhibition zone of 12.6± 0.28 mm, thus showing 
the most antimicrobial effect on the isolates of this study. 
Both compounds also independently showed a similar re-
sult, but their combined effects were increased when they 
were used together. Dilution methods offer more quantita-
tive results regarding the action of each oil. Serial dilutions 
were used for detecting the minimal inhibitory concentration 
(MIC) and minimal bactericidal concentration (MBC) values 
of the oils in liquid medium (Table 5).  Determination of 
MIC and MBC values of the Z. majdae and Z.  tenuior oil and 
a combination of the two oils for clinical isolates showed that 
these oils had bactericidal and inhibitory effect on 12% and 
88% of K. pneumoniae isolates respectively while a combina-
tion of the two oils showed values of 8% and 92% accord-
ingly. The combination had a greater inhibitory effect when 
compared to each individual oil. 
The synergistic effect of essential oils with different antibiot-
ics is varied. The highest activity was observed in gen-
tamicin (P value<0.0001) and the least synergistic effect was 
seen with amikacin (Figure 2). The cephalosporins (cefexime, 
cefotaxime, ciprofloxacin, ceftazidime) also showed synergy 
with these oils (Table 4). While cefexime and ciprofloxacin 
exhibited the synergistic effect with Z. majdae oil (P 
value<0.0001)),  the antimicrobial activity  of gentamicin and 
ceftazidime were increased by Z.  tenuior oil (P value<0.0001)).  
When Z. majdae and Z. tenuior oils were added to cefotaxime, 
the antibacterial activity increased (Figure 2). 

Klebsiella pneumoniae is a major cause of nosocomial in-
fection and mortalities in Neonatal Intensive Care units 
(NICU) and immunocompromised hosts (Otman et al, 2007). 
Extensive use of broad spectrum antibiotics in hospitalized 

patients has led to both an increased carriage rate of Kleb-
siella and the development of multidrug resistant strains that 
produce ESBL. Traditionally, medicinal plants and their de-
rivatives have been used as treatment for a variety of ail-
ments. Z. majdae and Z. tenuior were used for the manage-
ment of infectious diseases in Iranian folk medicine (Zargari 
1990). The leaf powder of Z. teniour and Z. majdae is cur-
rently used as flavoring agent in Iran. The grain powder of 
Z. teniour in honey is used as a therapeutic agent for the 
treatment of dysentery.  Z. majdae as decoction is used for  

 
Table 3.  Main components (>1%)  

of Z. tenuior essential oil. 
 

(%) RI* Main component 
3.2 858 α- pinene 
1.8 869 Camphene 
2.7 915 β- myrcene 
6.1 943 Para cymene 
5.1 948 1,8-cineole 
3.2 969 β-ocimene  
2.8 977 Gamma terpinene 
3.1 983 Trans sabinene hydrate 
4.1 1015 Linalool  
1.6 1036 Camphor 
3.3 1066 Borneol 
2.4 1077 4-terpineol 
16.2 1099 p-menth-1-en-8-ol 
4.4 1158 Geraniol 
10.4 1190 Thymol 
2.5 1195 Carvacrol 
5.2 1292 Geranyl acetate 
3.5 1323 Trans caryophyllene 
1.2 1360 Beta-cubenene 

 

RI= Retention Index 
 

 

Table 4.  Antimicrobial activity of essential oils and antibiotics against ESBL  

producing isolates of K. pneumoniae by disk diffusion assay. 
 

Mean statistic±SD 
Antibiotic 

No essence *oil **oil *,** oil Pvalue 
Amikacin 17.3±0.6 19.3±0.6 18.5±0.5 18.9±0.6 0.0865 
Ceftazidime 9.9±1.42 15.7±0.9 16.2±0.8 16.2±0.8 <0.0001 
Gentamicin 11.9±1.2 18.1±0.6 18.3±0.6 17.6±0.5 <0.0001 
Ciprofloxacin 16.9±1.5 22.3±1.1 21.9 ±1.0 21.8±1.02 0.0028 
Cefotaxime 11.7±1.5 18.6±1.0 18.8±0.9 17.6±1.3 <0.0001 
Cefexime 7.2±1.9 17.4±1.1 16.8±1.1 16.5±1.0 <0.0001 

 

*: Z. majdae,**: Z. tenuior 
 
 

Table 5.  Antimicrobial activity of essential oils and antibiotics against ESBL  

producing isolates of K. pneumoniae by macro broth dilution assay. 
 

Z. majdae oil 
+ Z. tenuior oil(1:1) 

Z. tenuior oil Z. majdae oil Isolates 

MBC MIC MBC MIC MBC MIC  
250 125 250 125 250 125 30 
500 125 250 125 250 125 3 
125 62.5 125 62.5 125 125 1 
500 125 500 125 500 125 5 
250 125 250 125 500 125 4 
250 125 500 125 250 125 1 
250 125 125 125 125 125 2 
125 125 125 125 250 125 1 
500 125 250 125 500 125 1 
125 125 125 125 125 125 3 

 

MIC=Minimal Inhibitory Concentrations, MBC= Minimal Bactericidal Concentration 
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Figure 1. Antimicrobial effect of different essential oils and their combination against Klebsiella 
pneumoniae with ESBL phenotype. ZT: Ziziphora tenuior, MP: Mentha piperita, ZM: Zhumeria 
majdae. 
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Figure 2. The synergistic effect of different antimicrobial agents in combination with essential oils against isolates of Klebsiella 
pneumoniae with ESBL phenotype. ZT: Ziziphora tenuior, MP: Mentha piperitae, ZM: Zhumeria majdae. 

 
 
menstrual problems, stomach pains and as a disinfectant.  
Manool is the main component of stem and root in Z. majdae 
oil (Ayatollahi et al. 2006) but linalool and camphor are 
mainly found in the aerial part of Z. majdae oil (Rustaiyan et 
al. 1992). The antibacterial activity of Z. majdae essential oil 
was evaluated against Staphylococcus aureus and E. coli (cul-
ture collection strains) under laboratory condition. This oil 

has shown the best antibacterial effect against E. coli (Soltani 
Poor et al. 2004). Other pharmacological effect such as anal-
gesic, anti-inflammatory and acute toxicity of Z. majdae ex-
tract has also been reported (Hosseinzadeh et al. 2002). There 
were no reports on antimicrobial activity of Z. tenuior oil. 
The present study indicates that the essential oil from Z. 
tenuior and Z. majdae aerial parts inhibit the growth of ESBL-
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K. pneumoniae. This effect is probably the main crucial role 
components of essential oils play in its antimicrobial activity. 
The main components of Z. majdae are linalool and camphor. 
Thymol, α-pinene, 1, 8-cineole, carvacrol, are the main con-
stituents of Z. tenuior oils. Thymol and carvacrol showed 
high activity against different kinds of microorganisms and 
they have synergistic effect in combination form (Helander 
et al. 1998). The interaction between different components of 
essential oils plays an important role in determining their 
antimicrobial activity. The antimicrobial activity of the above 
mentioned essential oils is dependent on their main compo-
nents and synergistic or antagonistic effects. 

The results of the study showed that the peppermint oil 
had weak activity against ESBL-K. pneumoniae. The antim-
icrobial activity of Z. tenuior and Z. majdae oils on ESBL-K. 
pneumoniae was confirmed and their synergy with all the 
tested antibiotics was noticed except for amikacin. Amikacin 
is a broad spectrum antibiotic with more potency than gen-
tamicin. It appears that the oils do not increase the effect of 
this aminoglycoside. For further evaluation of the potential 
uses of these oils, in vivo experiments should be tested in 
animal models.  
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