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Acinetobacter baumannii is a common Gram negative nosocomial pathogen. Although new agents have 
been developed against Gram positive microorganisms, there are few new antibacterial agents against 
Gram negative bacteria. In this environment, herbal medicine has become a flicker of hope. The 
purpose of this study was to investigate the antibacterial activity of menthol and folium menthae 
piperitae extract either alone or as a mixture against A. baumannii. A total of 20 multidrug resistant A. 
baumannii strains that had been isolated from hospitalized patients as nosocomial pathogens was 
used. The antibacterial activity of test materials was assessed by both quantitative suspension test and 
an agar well diffusion test. Menthol was found to be effective against A. baumannii. The mixture of 
menthol and folium menthae piperitae extract was also found to have antibacterial activity. However, 
folium menthae piperitae extract alone had no antibacterial activity against A. baumannii with a contact 
time of one minute, whereas it was effective with contact times greater than one minute. We conclude 
that topical form of menthol can be used for skin and soft tissue infections, burn wounds, diabetic foot 
infections and decubitus wound infections caused by A. baumannii. 
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INTRODUCTİON       
 
Recently, antimicrobial resistant Gram-negative bacilli 
have become a common nosocomial pathogen in health 
care settings (Kunz et al., 2010). Multidrug resistant 
(MDR)  Pseudomonas aeruginosa, extended spectrum 
beta-lactamase (ESBL) producing Enterobacteriaceae 
and carbapenem-resistant Acinetobacter baumanii are 
the most common Gram-negative nosocomial microorga-
nisms isolated from patients in the intensive care unit. 
The continuing increase in antimicrobial resistance 
throughout the world remains a concern (Kunz et al, 
2010; Rosenthal et al.,2010).

 
 

 Acinetobacter is a group of bacteria commonly found in  

soil and water. While there are many types or “species” of 
Acinetobacter and all can cause human disease, A.  
baumannii is the most frequently reported type (CDC, 
2010). A. baumannii is a nonfermentative, gram-negative, 
nonmotile, and oxidase-negative cocobacillary rod that 
grows at 20

 
- 30°C on usual laboratory media. It lives in 

moist and dry conditions for a long period of time. It has a 
free-living capacity and can be found on both animate 
and inanimate objects. It has been isolated from hospital 
environments such as foundries and baths, ventilators, 
contaminated gloves, washcloths, peritoneal dialysate 
baths, soap dispensers among others. It has also been
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recovered from different human sources, including skin, 
sputum, urine, faeces, and vaginal secretions (Allen and 
Hartman, 2005).  

Up to 25% of healthy ambulatory adults exhibit cuta-
neous colonization and 7% have transient pharyngeal 
colonization. It is also the most common gram-negative 
bacteria persistently carried on the skin of hospital 
personel. In addition, it has been found that Acinetobacter 
was the cause of 1% of all nosocomial blood-stream 
infections and 3% of nosocomial pneumonia in United 
States hospitals. This ratio is 5 and 10%, respectively, for 
South American Hospitals (Allen et al, 2005).  

Β-lactamase inhibitors, especially sulbactam, colistin, 
fluoroquinolones, ceftazidime, carbapenems (imipenem and 

meropenem), tetracyclines, and tigecycline have been 
considered to be active against nosocomial A. baumannii 
strains. However, treatment of this microorganism has 
become a medical challenge because of the emergence 
of MDR isolates, including resistance to carbapenems, 
with increasing frequency (Gilad et al, 2008). In a surveil-
lance report (MYSTIC) from worldwide hospitals for the 
period 2002-2004, only 76.1 and 74.7% were susceptible 
to meropenem and imipenem, respectively. Susceptibility 
to other antibiotics was also very low; with 51.9% genta-
micin, 40.5% ciprofloxacin, 39.8% piperacillin-tazobactam, 
and 38.1% ceftazidime (Unal et al, 2005). Of the A. 
baumannii isolates in Turkey, 67% were MDR with sus-
ceptibility rates to meropenem 53%, imipenem 48%, 
tobramycin 44%, cefepime 37%, ciprofloxacin 29%, 
piperacillin-tazobactam 26%, and ceftazidime 22% 
(Zarakolu et al., 2006). Moreover, A. baumannii clones 
resistant to all antibiotics except polymyxin and (more 
variably) tigecycline are circulating in many countries 
(Peleg et al., 2008). 

It would thus seem essential to develop new therapeutic 
agents against this growing threat. Today, there are 
some new antibiotics (dalbavancin, oritavancin among 
others) directed against gram-positive bacteria (Coates et 
al., 2011), but there is a lack of production of newer 
antibiotics (with the exception of doripenem) directed 
against gram-negative bacteria. Probably returning to the 
preantibiotic era has become a reality in many parts of 
the world (Giske et al., 2008).  

With a lack of production of new antibiotics, herbal 
medicine has become popular. Menthae piperitae is one 
of the most investigated plant sources. It is known that 
aetheroleum menthae piperitae inhibited the growth in 
vitro of Staphylococcus aureus, Pseudomonas aeruginosa, 

Bacillus subtilis, Enterococcus faecalis and Escherichia coli 
(WHO monographs, 2004a). Also, extracts of folium 
menthae piperitae have antibacterial activity in vitro. 
Addition of ground leaves to agar medium inhibited the 
growth of Salmonella typhimurium, S.  aureus and Vibrio 
parahaemolyticus (WHO monographs, 2004b). 

Menthol is a naturally occurring cyclic terpene alcohol of  
plant origin. Its use is multifold and includes use in oral 
hygiene products, confectionaries, pharmaceuticals, and 
cosmetics. It is currently available in both prescribed and 
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over-the-counter medications for various diseases, inclu-
ding gastrointestinal disorders, common cold and res-
piratory conditions, and musculoskeletal pain (Landau et 
al., 2012). Its antimicrobial effect may result, from a 
perturbation of the lipid fraction of the microorganism 
plasma membrane, resulting in alterations of membrane 
permeability and in leakage of intracellular materials 
(Trombetta et al., 25). 

Up to the present day, the antimicrobial activity of folium 
menthae piperitae and menthol against A. baumannii has 
not been investigated. To our knowledge, this article is 
the first study investigating the efficacy of folium menthae 
piperitae extract and menthol both alone and in a mixture 
(2.6% folium menthae piperitae extract and 6 % menthol 
dissolved in methanol) for synergistic activity. 
 
          
MATERİALS AND METHODS 

 
Plant material and Menthol 
 
The genus Menthae piperitae L. mint leaves (30 g) were dried at 
room temperature and processed in methanol (250 ml) with a 
waring blender for 10 min. The resulting mixture was filtered after 
two days.  A concentration of 26 g/L were obtained from the extract. 
99% purity menthol samples were obtained from Sigma-Aldrich. As 
a mixture, 2.6% folium menthae piperitae extract and 6% menthol 
were dissolved in methanol and mixed. 
 
 

Strains and growth conditions 

 
A. baumannii strains were obtained from our Infectious Diseases 
and Clinical Microbiology laboratory stocks. These stock strains 
were isolated from various clinics’ hospitalized patient clinical 
specimens, such as urine, sputum, and pus, which were sent for 

laboratory identification. The antibiotic susceptibility profiles of all 
isolates were assessed by Kirby Bauer’s disc diffusion method 
according to the recommendations of the Clinical and Laboratory 
Standards Institute (CLSI) (CLSI, 2008).  

The isolates were stored at -20°C in skimmed milk agar until used 
in this study. Prior to the study, each strain was subcultured on 5% 
blood agar at 37°C for two consecutive days. From A. baumannii 
strains obtained in the second passage, bacterial suspensions were 
prepared in tryptone soya broth (TSB) (Oxoid, Basingstoke, UK), 

and adjusted to a turbidity equal to McFarland 0.5 (1.5 x 10
8
 cfu/ml) 

(DIN EN 1040, 2005). All strains were studied with both a 
quantative suspension test and an agar well diffusion method. 

When investigating the true bactericidal activity of disinfectant 
chemicals or antiseptics, their total neutralization is critical. Disinfec-
tant residues can result in a false-negative (no-growth) test. In this 
study, 3% Tween 80 (Polyoxyethylene Sorbitan Monooleate, ICN 
Biomedicals Inc.) was used as a neutralizing agent in accordance 
with the Deutsches Institut für Normung e.V. standards (DIN EN 

1040, 2005). 
 
 

Quantitative suspension test 
 

Bactericidal efficacy was determined, strictly following DIN EN 1040 
(DIN EN 1040, 2005).

 
Briefly, 1 mL of the test organism suspension 

and 1 mL of sterile water for injection (SWI) were mixed and incu-
bated at room temperature for a contact time of 2 min. afterwards, 8 

mL of the test substance was added. The resulting solutions were 
incubated at room temperature for a contact time of 1, 5, 10, 30, 
and 60 min. At the end of the contact time, 1 mL of the test solution 
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was transferred to 8 mL of the neutralizing solution and 1 mL of 
SWI and neutralized for 5 min. Thereafter, 1 mL of the neutralized 
test solution was spread on 5% blood agar plates and incubated at 
37°C for 18 to 24 h. After the incubation time, colonies were 
counted and expressed as colony-forming units per milliliter 
(cfu/ml). As a negative control, 8 mL of SWI was used instead of 
plant extract or menthol and all steps were done simultaneously 
with the primer test. 
 
 
Reduction rate calculation in quantitative suspension test 

 
The reduction rate was calculated as the expression of the 

microbicidal efficiency, according to the following formula: 
 
Log10 reduction (R) = log10 pre-disinfection count – log10 disinfection 
count 
 
R > 5 was considered as significant microbicidal efficiency. 
 
 
Agar well diffusion method 

 
Each Mueller-Hinton agar plate was inoculated with the 
microorganism by streaking the swab over the entire sterile agar 
surface. This procedure was repeated by streaking 2 more times, 
rotating the plate approximately 60° each time to ensure even 
distribution of the inoculum. As a final step, the rim of the agar was 
also swabbed. Once the agar was solidified, it was punched with 
eight millimeter diameter wells and filled with 50 μL of the test 
material (menthol, extract of folium menthae piperitae and mixture 

of menthol + folium mentha piperita extract). The concentration of 
the plant extracts employed was 26 μg/ml. The plaques were 
incubated at 37°C for 18 to 24 h. Subsequently, the plates were 
examined for bacterial growth inhibition and the inhibition zone 
diameter (IZD) was measured to the nearest millimeter. 
 
 

RESULTS 
 

A total of 20 MDR A. baumannii strains that were 
identified in the Infectious Diseases and Clinical 
Microbiology laboratory were selected for the study. Their 
antibiotic resistance profiles are shown in Table 1. We 
used methanol for the extraction of the folium of mentha 
piperita plant. After extraction, a mixture of 2.6% folium 
menthae piperitae extract and 6% menthol dissolved in 
methanol was prepared. The antimicrobial activity of 
menthol, folium menthae piperitae and the mixture was 
assessed using both the quantitative suspension test and 
the agar well diffusion method.  

In the quantitative suspension test method, microbicidal 
activity was detected with whole test materials (menthol, 
folium menthae piperitae extract, and the mixture) at all 
contact times, except folium menthae piperitae extract at 
a contact time of 1 min. While R was < 5 for menthae 
piperitae extract at 1 min, it was > 5 for the other test 
materials at every contact time and for menthae piperitae 
extract at 5, 10, 30, and 60 min. 

In the agar well diffusion method, the antimicrobial 
activity of test solutions was assessed by measuring IZD 
and is tabulated in Table 2. Synergy and good antibac-
terial activity was found between menthol and 

 
 
 
 
menthae piperitae leaf extract. While the IZD was ≥ 
10mm for menthol, except for four test bacteria, it was 
found to be ≥ 10 mm for 19 (95%) bacteria with the 
mixture. Also, the IZD with the mixture was increased for 
13 (65%) test bacteria, compared to the IZD with 
menthol. On the other hand, the antibacterial activity of 
folium menthae piperitae against A. baumannii was found 
to be inadequate. We found measurable IZD (8, 15,12 
and 20 mm) for only four test bacteria with folium men-
thae piperitae. There was no IZD for the other bacteria 
(Table 2). 
 
 
DISCUSSION 
 
In this study, a mixture of menthol + folium menthae 
piperitae showed good in vitro antibacterial activity 
against MDR A. baumannii isolates. The R factor was > 5 
for all contact times in a quantitative suspension test 
method and the IZD was ≥ 20 mm for 17 (85%)  A. 
baumannii isolates with an agar well diffusion method. 
The lowest IZD was 12 mm with the agar well diffusion 
method with this compound.  

Hospital acquired infections due to A. baumannii can 
increase morbidity, mortality, and length of stay in the 
hospital as well as hospital costs. The most important 
problem in the treatment of A. baumannii infections is 
resistance to most available antibiotics (Maragakis et al., 
2008). Patients that acquire artificial devices, such as 
catheters, sutures, and ventilators and those who have 
unplanned surgery or antimicrobial therapy (carbapenems, 
third generation cephalosporin, flouroqunilones, amino-
glycosides, and metronidazole) within the previous 90 
days are at risk of developing A. baumannii infections 
(Howard et al., 2012). A very small number of antibiotics 
can be used for antibiotic-resistant bacteria such as our 
A. baumannii strains. Moreover, the production of new 
antibiotics is very low (Giske et al., 2008). In recent 
years, the emergence of strains resistant to antibiotics 
and the lesser side effects of drugs of natural origin 
compared to synthetic drugs, has led scientists to further 
studies of drugs of natural origin (Lysakowska et al, 
2011). 

Previously, the effectiveness of menthae piperitae and 
menthol against some gram negative and gram positive 
bacteria was independently investigated. Aridogan et al. 
(2002) found antibacterial activity against S. aureus with 
mentha piperita. In another study, the authors declared 
that menthae piperitae essential oil has antibacterial 
activity against E. coli, a multiresistant strain of Shigella 
sonnei, and Micrococcus flavus.  Also, they found fungis-
tatic and fungicidal activity of this oil against Trichophyton 
tonsurans and Candida albicans (Mimica-Dukic et al., 
2003). In our study, the antimicrobial activity of folium 
menthae piperitae for A. baumannii strains was very low. 
We found measurable IZD in four strains. Their IZD was 
8, 12, 15 and 20 mm. For the other strains, there was no
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Table 1. Antibiotic susceptibility of A. baumannii strains. 
 

A. baumannii strain AK CAZ CIP IMP SXT CN TZP CRO SAM 

1 R R R R R R R R R 

2 R R R R R R R R R 

3 R R R R R R R R R 

4 R R R R R S R R R 

5 R R R R R R R R R 

6 R R R R R R R R R 

7 R R R R S R R R R 

8 R R R R R R R R R 

9 R R R R R R R R R 

10 R R R R R R R R R 

11 R R R R R R R R R 

12 R R R R R R R R R 

13 R R R R R R R R R 

14 R R R R R R R R R 

15 R R R R R S R R R 

16 R R R R R R R R R 

17 R R R R R R R R R 

18 R R R R R R R R R 

19 R R R R R R R R R 

20 R R R R R R R R R 
 

AK, Amikacin; CAZ, ceftazidime; CIP, ciprofloxacin; IMP, imipenem; SXT, trimethoprim-sulfamethazole; CN, gentamicin; TZP, 

piperacillin-tazobactam; CRO, ceftriaxone; SAM, ampicillin-sulbactam. 
 
 
 

Table 2. Inhibition zone diameters (in millimeters) of menthol, Menthae Piperitae and the mixture against A. baumannii. 

 

A. baumannii strain 
Mixture of menthol + folium 

menthae piperitae (mm) 
Menthol 

(mm) 
Folium menthae 

piperitae extract (mm) 

Strain 1 12 0 0 

Strain 2 25 20 0 

Strain 3 20 12 8 

Strain 4 20 12 0 

Strain 5 25 20 0 

Strain 6 20 8 0 

Strain 7 30 30 17 

Strain 8 40 10 0 

Strain 9 20 10 0 

Strain 10 25 25 20 

Strain 11 20 15 0 

Strain 12 20 10 0 

Strain 13 15 0 0 

Strain 14 20 15 0 

Strain 15 15 20 0 

Strain 16 35 30 0 

Strain 17 25 25 0 

Strain 18 30 30 0 

Strain 19 25 30 0 

Strain 20 35 35 12 
 
 
 

inhibition zone.  
In a quantitative suspension test, the R factor was found  

to be <5 with a contact time of 1 min, and >5 at the other 
contact  times  (5,  10, 30,  and  60  min)  for the menthae 
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piperitae extract. These findings suggest a time-depen-
dent effect of the menthae piperitae extract against A. 
baumannii. In our opinion, this effect should be studied 
with more A. baumannii isolates and with other Gram 
positive and negative bacteria. In addition, menthol has 
antibacterial activity against a variety of microorganisms, 
including both Gram positive and Gram negative bacteria 
(Patel et al., 2007). Schelz et al. (2006) has found effi-
cacy against Staphylococcus epidermidis and E. coli. In 
another study, Trombetta et al. (2005) found strong anti-
bacterial activity against S. aureus. Our results indicate 
that menthol has significant antibacterial activity against 
A. baumannii. The IZD was measured as ≥20 mm for 10 
(50%) strains and ≥10 mm for 17 (85%) strains. Also, the 
R factor was >5 for menthol at every contact time.    

The results shown in Table 2 indicate that the combina-
tion of menthol and folium menthae piperitae possessed 
better antimicrobial activity and showed a synergy bet-
ween the two substances. In 13 (65%) A. baumannii 
strains, the IZD was larger with the mixture of menthol + 
menthae piperitae. In our opinion, this situation is due to 
the menthol, which is the main component of menthae 
piperitae, since the major constituent of the leaves is the 
essential oil (0.5-4%) and 30-55% of this oil is menthol 
(WHO monographs, 2004a). Our results confirm this 
theory as well. While the R factor was < 5 at the 1 min 
contact time for the menthae piperitae extract, it was > 5 
at the other contact times.  

In conclusion, menthol shows antibacterial activity against 
A. baumannii in vitro. Its topical form can be used in skin 
and soft tissue infections, burn wound infections, diabetic 
foot infections and decubitus wound infections due to A. 
baumannii. Further studies focused on the safety of 
topical application and its dermal direct absorption should 
be carried out. In addition, the effectiveness of menthol 
against problem bacteria such as MDR Pseudomonas 
aeruginosa, ESBL producing Enterobacteriaceae and 
Klebsiella spp. should be investigated. 
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