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The chemical composition and the antibacterial activity of the essential oil of Mentha longifolia L. ssp 
longifolia are being investigated in the present work. The minimal inhibitory concentration (MIC) of this 
oil against four gram+ and gram- reference bacteria including Salmonella typhimurium LT2, Escherichia 
coli ATCC 35218, Microccus luteus NCIMB 8166 and Staphylococcus aureus ATCC 25923 was used to 
study the morphological alteration of bacterial wall cell visualized by atomic force microscopy (AFM). 
The chemical analysis of the essential oil showed the presence of 34 compounds. The most important 
ones were: menthol (32.51%), menthone (20.71%), pulegone (17.76%), 1,8-cineole (5.61%), terpineol-4 
(4.87%) and piperitone (2.16%). The MIC for bacteria ranged from 0.19 to 1.56 mg/ml. We found that M. 
longifolia (Menthol chemotype) has a high antibacterial effect. Cell wall of the tested bacteria was 
damaged at MIC concentrations. This susceptibility is more accentuated in S. typhimurium and E. coli 
(rod bacteria), whereas the damage is less important in coccoid bacteria (S. aureus and M. luteus). 
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INTRODUCTION 

 
Resistance to antimicrobial agents by pathogenic bacteria 
accentuated by the ability of biofilm formation on clinical 
environment has emerged in recent years and is a major 
health problem (Colwell et al., 1992; Hausner et al., 
1999). The increasing drug/chemical resistance of 
microorganisms (bacteria, viruses and fungi) and the 
insufficiency of the drugs commonly used in the treatment 
of infectious diseases led us to search for new sources of 
natural products with large spectre of biological 
activities(Abad et al., 2007).  

In the light of these data, plant essential oils may be an 

alternative source of natural compounds for pathogenic 
bacteria because they constitute a rich source of 

bioactive chemicals and are commonly used as  
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fragrances and as flavouring agents for food additives 
(Bauer et al., 2001; Mimica-Duki et al., 2003; Hafedh et 
al., 2009). Indeed, the effectiveness of the activity of 
essential oils with respect to gram - and gram+ bacteria is 
largely documented in literature. These properties are 
due to the presence of active monoterpenes constituents 
(Morris et al., 1979; Knobloch et al., 1988).  

The action mechanism of the essential oils is related to 
their chemical composition and their antimicrobial activity 
is not attributable to a unique mechanism but to a 
cascade of reaction in the entire bacterial cell (Burt et al., 
2004). The hydrophobicity of the essential oils is the main 
properties responsible for the distribution of bacterial 
structures increasing their permeability due to their 
inability to partition the lipids from bacterial cell 
membrane. This permeability barrier role of cell 
membranes is integral to many cellular functions, 
including the maintenance of the energy status of the cell, 
other membrane-coupled energy-transducing processes, 



 
 
 

 

solute transport and regulation of metabolism and control 
of turgor pressure (Poolman et al., 1987; Trumpower and 
Gennis, 1994) . Toxic effects on membrane structure and 
function have generally been used to explain the anti-
microbial action of essential oils and their monoterpenoid 
components (Andrews et al., 1980; Uribe et al., 1985; 
Knobloch et al., 1988).  

In fact, the action mechanism of the essential oils 
includes: degradation of the cell wall (Helander et al., 
1998, Gill et al., 2006), cytoplasmic-membrane damaging 
and cytoplasm coagulation (Gustafson et al., 1998; Ultee 
et al., 2000; 2002), damage to membrane proteins (Juven 
et al., 1994), leakage of cell contents (Lambert et al., 
2001), depletion of the protive force motrice (Ultee and 
Smid, 2001), sharp reduction of the intracellular ATP pool 
through a reduction of ATP synthesis and increased 
hydrolysis, not obviously related to an increase in 
membrane permeability and reduction of the membrane 
potential due to an increase in the membrane perme-
ability to protons (Burt et al., 2004). In yeast cells, - 
pinene and -pinene destroy cellular integrity; inhibit 
respiration and ion transport processes and increase 
membrane permeability (Uribe et al., 1985). More recent-
ly, Helander et al. (1998) have described effects of 
different essential components on outer membrane 
permeability in gram- bacteria. The fact that tea tree oil-
induced damage to cell membrane structure accom-
panied the decline in viability for all three micro-
organisms included in this study, confirms it as the most 
likely cause of cell death.  

The effectiveness of Mentha longifolia essential oils 
against gram+ and gram- bacteria has been well 
described by (Ghoulami et al., 2000; Rasooli et al., 2002; 
Mimica-Duki et al., 2003; Hajlaoui et al., 2008; 2009). 
Therefore, the objectives of this study were: (1) to 
analyze the chemical composition of a hydrodistilled 
essential oil of M. longifolia plants collected from Sidi 
Bouzid (Centre of Tunisia) by a system in order to 
determine the essential oil chemotype; (2) to investigate 
the antimicrobial activity and the effect of M. longifolia 
essential oil on pathogenic bacteria morphology observed 
by atomic force microscopy. 
 

 
MATERIALS AND METHODS 
 
Microorganisms 
 
Four reference strains chosen for this study include: two gram+ 

bacteria (Microccus luteus NCIMB 8166 and Staphylococcus 
aureus ATCC 25923) and two gram- bacteria (Salmonella 

typhimurium LT2 DT104, Escherichia coli ATCC 35218). 

 

Essential oil analysis: Gas chromatograph/gas 

chromatograph-mass spectrometry 
 
Plant of M. longifolia used in this study was collected from Sidi 

Bouzid (Centre of Tunisia). The leaves of the mint dried for seven 

days at room temperature and from buds were subjected to 

  
  

 
 

 
hydrodistillation using a Clevenger-type apparatus according to the 
European Pharmacopoeia (European Pharmacopoeia, 1975). 

The gas chromatography analysis of the volatile oil was 
performed using a HP 5890-series II equipped with Flame ionization 
detectors (FID), HP-5 (BP- 1) (5% phenyl+95% 
dimethylpolysiloxane) 30 m x 0.25 mm ID, 0.25 µm film thickness 
fused capillary column and HP Innowax (BP-20; polyethylenglycol) 
30 m x 0.25 mm ID, 0.25 µm film thickness fused capillary column. 

The carrier gas was nitrogen (1.2 ml mn
-1

). The oven temperature 

program was 1 min isothermal at 50°C, then 50 - 280°C (BP- 1) and 
50 - 220°C (BP-20) at rate of 5°C/min and held isothermal for 1 min. 
The injection port temperature was 250°C, detector: 280°C. Volume 
injected: 1 µl of 1% solution (diluted in hexane). Percentages of the 
constituents were calculated by electronic integration of FID peak 
areas without the use of response factor correction.  

The analysis of the volatile constituents was run on a Hewlett-
Packard GC-MS system (GC: 5890-series II; MSD 5972). The 
fused-silica HP-5 MS capillary column (30 m x 0.25 mm ID, film 
thickness of 0.25 µm) was directly coupled to the MS. The carrier 
gas was helium, with a flow rate of 1.2 ml mn-1. Oven temperature 
was programmed (50°C for 1 min, then 50 - 280°C at 5°C/min) and 
subsequently, held isothermal for 2 min. Injector port: 250°C, 
detector: 280°C, split ratio 1:50. Volume injected: 1 µl of 1% 
solution (diluted in hexane): HP 5972 recording at 70 e Volts; scan 
time 1.5 sec; mass Range 40 - 300 amu. Software adopted to 
handle mass spectra and chromatograms was a Chem Station. The 
components of the oils were identified by comparison of their mass 
spectra with those of a computer library (Wiley 275 library; Adams, 
2001). 

 

Micro-well determination of minimal inhibition concentration 
 
The minimal inhibition concentration (MIC) value was determined 
for all bacterial strains used in this study as described by Gulluce et 
al. (2007). The inoculums of the bacterial strains were prepared 
from 12 h broth cultures (medium LB, pH: 7.4) and suspensions 
were adjusted to 0.5 McFarland standard turbidity. Each essential 
oil that was dissolved in 10% dimethylsulfoxide (DMSO) was first 
diluted to the highest concentration (50 mg/ml) to be tested, and 
then serial two-fold dilutions were made in a concentration range 
from 0.0488 – 50 mg/ml for spearmint oil in 5 ml sterile test tubes 
containing nutrient broth. The 96- well plates were prepared by 
dispensing into each well 95 l of nutrient broth and 5 l of the 
inoculum. A 100 l aliquot from the stock solutions of essential oil 
was added into the first wells. Then, 100 l from the serial dilutions 
were transferred into eleven consecutive wells. The last well 
containing 195 l of nutrient broth without essential oil and 5 l of the 
inoculum on each strip was used as the negative control. The final 
volume in each well was 200 l. The plates were incubated at 37°C 
for 18 - 24h. The MIC was defined as the lowest concentration of 
the compounds to inhibit the growth of the microorganisms. The test 
was performed in triplicate. 

 

Determination of morphological changes by atomic force 

microscopy (AFM) 
 
The test microorganisms included the following gram+ bacteria: S.  
aureus, M. luteus and gram- bacteria: E. coli, S. typhimurium, 
pathogenic human strains were used to evaluate the effects of the 
M. longifolia essential oil. For the experiments, each tested strain 
was cultured in Tryptic Soy broth (TSB, Pronadisa, Spain) overnight 
at 37°C, the suspensions were adjusted to 0.5 McFarland standard 
turbidity and 1 ml of the cultures was transferred into new tube 
containing 4 ml TSB with MIC for each strain and incubated for 24 h 
at 37°C with shaking.  

In order to visualize the effect of the M. longifolia essential oil on 



 
 
 

 
Table 1. The major compounds of M. longifolia essential oil.  
 
 

Components 
Kovats index (KI) 

Percentage (%) 
 

 

HP-5 HP-20M 
 

    
 

 1 1,8 Cineole 1021 1208 5.61 
 

 2 Menthone 1139 1456 20.71 
 

 3 Terpineol-4 1178 1581 4.87 
 

 4 Menthol 1171 1612 32.51 
 

 5 Pulegone 1228 1645 17.76 
 

 6 Piperitone 1286 1730 2.16 
 

 
The components and their percentages are listed in order of their elution 

on apolar column (HP-5) and polar column (HP-20M).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Percentage (%) of identified components of M. longifolia 

essential oil classified by organic family compound. (Mono: 

monoterpenes; Sesq: sesquiterpenes). 
 

 
tested bacteria morphology, the bacterial cells were examined in 
triplicate by AFM (Nanoscope IIIA, Digital Instrument, VEECO). For 
the experiments, the cells were collected after treatment, washed 
three times with phosphate-buffered saline (PBS) and centrifuged. 
The final pellet was resuspended in PBS, placed on a round 
microscope cover slide and was simply dried in air according to the 
method previously described (Braga and Ricci, 1998). 
 

 

RESULTS AND DISCUSSION 

 

Major compounds found in essential oil of M. 

longifolia 
 
The extraction of essential oil was made by 
hydrodistillation and its analysis was studied by GC and 
GC-MS. This study allowed identification of 34 composed 
representing 97.2% of the totality of the components of 
the oil of M. longifolia. The oil is particularly rich in 
menthol (32.51%), menthone (20.71%), pulegone 
(17.76%), 1,8-cineole (5.61%), terpineol-4 (4.87%) and 
piperitone (2.16%). These results are summarized in 
Table 1. The major part of the identified volatile 

 
 
 
 

 
Table 2. The MIC values M. longifolia of the essential oil 

against the bacterial strains tested in microdilution assay.  
 

Strains Essential oil (mg/ml) 

S. typhimurium LT2 DT104 1.56 

E. coli ATCC 35218 0.78 

M. luteus NCIMB 8166 0.19 

S. aureus ATCC 25923 0.78 
 

 

compounds is oxygenated monoterpenes (83.3%) 

followed by hydrocarbons and ethers (Figure 1). 
 
 

Antibacterial properties of essential oil 
 

The antimicrobial activity of the essential oil included in 
this work was conducted by broth microdilution 
susceptibility method. The results summarized in Table 2, 
showed that the essential oil tested, presented an 
antibacterial activity with different degree. In fact, the MIC 
values indicate that the M. longifolia essential oil have a 
broad activity especially for S. aureus and M. luteus. The 
noted values are respectively, 0.78 and 0.19 mg/l. The 
antimicrobial activity can be attributed to the presence of 
high concentrations of menthol (32.51%), menthone 
(20.71%) and pulegone (17.76%).  

Based on these results, it is possible to conclude that 
the essential oil has stronger and broader spectrum of 
antimicrobial activity as compared to the methanol 
extract. There is evidence in literature that gram+ bacteria 
are more sensitive to plant oil and extracts than gram- 
bacteria (Cosentino et al., 1999). However, the results in 
this study showed that essential oil of M. longifolia ssp. 
Longifolia did not have selective antimicrobial activities on 
the basis of the cell wall differences of bacterial 
microorganisms. This result may be explained by the high 
content of cispiperitone epoxide (18.4%), pulegone 
(15.5%) and piperitenone oxide  
(14.7%) in the essential oil of M. longifolia ssp. longifolia 

analyzed in the present study. Antibacterial and 
antifungal activities of these substances have been 
reported in previous studies (Karousou et al., 2007; 
Gulluce et al., 2007). This is the first study to provide data 
that essential oil of M. longifolia ssp. longifolia plants 

evaluated against a wide range of microorganisms 
possess potential antibacterial, antifungal and 
anticandidal activities that are comparable to standard 
drugs. 
 
 

Morphological alteration of studied strains 

 

Alterations in cells morphology and topography due to M. 
longifolia essential oil were examined by AFM (Figure 2). 
The control S. typhimurium and E. coli cells have a 
normal rod shape with a smooth surface (Figure 2A and B) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Atomic force microscopy of treated bacteria with M. longifolia essential oil. A, B, C and D: Control S. typhimurium LT2 DT104, 

E. coli ATCC 35218, M. luteus NCIMB 8166 and S. aureus ATCC 25923, respectively; A1, B1, C1 and D1 are cells obtained after M. 

longifolia essential oil treatments.  



 
 
 

 

whereas, M. luteus and S. aureus cells have a normal 

coccoid shape (Figure 2C and D). After 24 h of bacteria 

treatment with M. longifolia essential oil, we have noted a big 

damage in S. typhimurium and E. coli (rod bacteria), 

whereas damage is less important in coccoid bacteria ( M. 

luteus and S. aureus). Figure 2 represents damage in tested 

cells for S. aureus and E. coli; a hole can be seen on surface 

and cell wall. It has disappeared to reveal fine cytoplasm 

structure. It seems that coccoid bacteria are more resistant 

to M. longifolia essential oil than rod bacteria such as 

Salmonella strains. These results are in agreement with the 

report of Kalchayanand et al. (2004), who suggested the 

morphological changes of two gram-pathogens (E. coli 

O157:H7 and S. typhimurium) when they are exposed to 

hydrostatic pressure and bacteriocin mixture. Pressurization 

produced extensive changes in the cell wall. Similar results 

have been reported by Braga and Ricci (1998) in the case of 

treated E. coli after its exposure to cefodizime. These results 

indicate possibility that exopolysaccharide on outer 

membrane of cells might be untangled and released or the 

peptidoglycan or the cytoplasmic membrane perturbed 

(Slavik et al., 1995).  
Generally, gram+ bacteria are considered more 

sensitive to essential oil than gram- bacteria (Lis-Balchin, 
2003) because of their less complex membrane structure. 
Sikkema et al. (1994, 1995) showed that, as a result of 
their lipophilic character, cyclic monoterpenes will 
preferentially partition from an aqueous phase into 
membrane structures. This resulted in membrane expan-
sion, increased membrane fluidity and inhibition of a 
membrane-embedded enzyme. Lambert et al. (2001) 
reported that the mode of action of essential oils is 
related to an impairment of a variety of enzyme systems, 
mainly involved in energy production and structural 
components synthesis. They also explain the mode of 
action through leakage of ions, ATP, nucleic acids and 
amino acids. Examination of E. coli cells using electron 
microscopy after exposure to tea tree oil revealed a loss 
of cellular electrondense material and coagulation of 
cytoplasmic constituents, although it was apparent that 
these effects were secondary events that occurred after 
cell death (Gustafson et al., 1998). Tea tree oil also 
stimulates leakage of cellular potassium ions and inhibits 
respiration in E. coli cell suspensions, providing evidence 
of a lethal action related to cytoplasmic membrane 
damage (Cox et al., 1998). 
 

 

Conclusion 
 
The M. longifolia essential oil has important compounds 

(menthol, menthone, pulegone, etc) having interesting 
antimicrobial activities. Our results show this antimicrobial 
effect explained by cell wall bacteria damaged at MIC 
concentrations observed by AFM. This susceptibility is 
more accentuated in S. typhimurium and E. coli (rod 

bacteria), whereas, the damage is less important in 
coccoid bacteria (S. aureus and M. luteus). On the other 

 
 
 
 

 

hand, this essential oil can be used in natural 

preservatives in food against the well known causal 

agents of food borne diseases and food spoilage. 
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