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Abstract.  The study evaluated the chemical composition and antibacterial 
activity of essential oils from Aquilaria agallocha, Artemisia absinthium, 
Hyssopus officinalis, and Mentha pulegium.  Gas chromatography/gas 
chromatography mass spectrometry (GC/GC-MS) was used to analyze 
the essential oils’ volatile components; their antibacterial activity against 
multidrug-resistant clinical bacterial isolates was assessed using a 
disk diffusion susceptibility assay together with the determination of 
minimum inhibitory concentration (MIC).  The major volatile chemical 
compound of Aq. agallocha, Ar. absinthium, H. officinalis, and M. pulegium 
oils were dimethyl ester dodecanedioic acid (19.65%), β-caryophyllene 
(18.51%), camphor (14.2%), and pulegone (58.5%), respectively.  All 
essential oils had varying bactericidal activity against the test isolates of 
Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae, Staphylococcus 
aureus, and Streptococcus pyogenes, but not Pseudomonas aeruginosa.  The 
essential oil with the overall highest antibacterial activity was that of M. 
pulegium, followed by H. officinalis, Aq. agallocha and Ar. absinthium.  The 
findings confirm that medicinal plant essential oils can play a role as an 
alternative treatment option against current clinical multidrug-resistant 
microorganisms.

Keywords:  antibacterial activity, essential oil, gas chromatography/mass 
spectrometry, human pathogen, medicinal plant, minimum inhibitory 
concentration
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INTRODUCTION

Plants  have  not  only  played 

an important role in human food 

supply for thousands of years, but 

also have great economic value due 

to their therapeutic effects, such as 

antibacterial, antifungal, anticancer, 

anti-inflammatory, antimutagenic, 

a n d  a n t i o x i d a n t  ( S i t a r e k  e t  a l , 

2017) .   For  mil l ions,  t radit ional 

herbal treatments are the main and 

sometimes the only source of health 

care. 

I n  r e c e n t  y e a r s ,  t h e  r a p i d 

increase in health care costs and the 

availability of traditional medicines 

to individuals at the lower economic 

level have made these traditional 

treatments more attractive (WHO, 

2013).  In addition, the side effects 

of synthetic drugs have led to a 

resurgence  in  the  popular i ty  of 

herbal medicine, which is considered 

safe  based on a  long his tory  of 

use  (S i tarek  e t  a l ,  2017) .   As  of 

2022, 170/194 of the World Health 

O r g a n i z a t i o n  ( W H O )  m e m b e r s , 

representing approximately 80% of 

the world’s population, reported 

that they continue to use traditional 

medicine (WHO, 2022). 

Currently, bacterial resistance to 

antibiotics has reached an alarming 

l e v e l  w o r l d w i d e ,  p a r t i c u l a r l y 

the  rap id  spread  o f  mul t i -  and 

pan-antibiot ic-resistant  bacter ia 

(superbugs) (WHO, n.d.).  According 

to O’Neill (2014), antibiotic-resistant 

infections are estimated to cause 

approximately 700,000 deaths each 

year, and if current trends continue, 

this number could rise to 10 million 

annually by 2050.  In this context, the 

WHO reported an urgent need for 

new antibiotics to combat pathogens 

resistant to current antibacterials 

(WHO, n.d.).
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T h i s  i n c r e a s i n g  t h r e a t  o f 

antibacterial resistance has raised 

the scientific community’s interest in 

herbal medicines with antimicrobial 

properties.  Medicinal plants have a 

significant potential due to their low 

toxicity, pharmacological activity 

and low cost of production.  Essential 

oils isolated from such plants are of 

part icular  interest  as  they show 

antibacterial, antiviral, antifungal, 

a n t i o x i d a n t ,  a n t i p a r a s i t i c ,  a n d 

insecticidal properties (Chouhan et 

al, 2017). 

Genus Aquilaria ,  belonging to 

the Thymelaeaceae Family, is a raw 

material in traditional and modern 

m e d i c i n e  ( H a s h i m  e t  a l ,  2 0 1 6 ) .  

Agarwood oil is an extremely rare 

and a valuable oil found in Bhutan, 

northeastern India and some parts of 

Southeast Asia.  The different extracts 

of this plant are reported to have 

an antinociceptive, antimicrobial, 

antioxidant, and sedative effects as 

well as antihyperglycemic activity 

(Rahman et al, 2016).

Genus  Artemisia  (wormwood), 

Family Asteraceae, is typically used 

as antianorexia, anticancer (breast, 

leukemia and liver ), antidepressant, 

antihelminthic, anti-inflammatory, 

a n t i o x i d a n t ,  a n t i p a r a s i t i c , 

antiseptic, antispasmodic, balsamic, 

and  insec t i c ida l  agent ,  and  for 

treatment of prolonged fever and 

sclerosis (Ali et al, 2021). 

G e n u s  H y s s o p u s ,  F a m i l y 

Lamiaceae, is widespread from the 

eastern Mediterranean to central 

A s i a  a n d  M o n g o l i a .   H y s s o p u s 

spp are known for their antiseptic, 

a n t i t u s s i v e  a n d  e x p e c t o r a n t 

p r o p e r t i e s ;  a n t i a s t h m a t i c , 

ant idiabet ic ,  ant i - inflammatory, 

a n t i o x i d a n t ,  a n d  a n t i v i r a l 

effects have also been identified 

(Sharifi-Rad et al, 2022).

Genus  Mentha  (pennyroyal ) , 

Family Lamiaceae, a native plant of 

Europe, North Africa, Asia Minor, 

and the Near East, has been used in 

medical practice for its antiseptic, 

antispasmodic,  carminative,  and 

sudorific properties.  Pennyroyal 

essent ia l  o i l  has  been shown to 

have strong antibacterial properties 

against Gram-positive and -negative 

bacteria (Boukhebti et al, 2011).
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T h u s ,  w e  i n v e s t i g a t e d  t h e 

c h e m i c a l  c o m p o s i t i o n s  a n d 

a n t i b a c t e r i a l  a c t i v i t i e s  o f  t h e 

essential oils of Aq. agallocha, Ar. 

absinthium, H.  officinal is ,  and M. 

pulegium  against  Gram-negat ive 

a n d  - p o s i t i ve  c l i n i c a l  b a c t e r i a 

isolates from a hospital in Türkiye. 

T h e  s i g n i fi c a n c e  o f  t h i s 

study l ies  in  i ts  contribution to 

the  deve lopment  o f  a l t e rna t ive 

antimicrobial agents from natural 

sources .   By  demonstra t ing  the 

antibacterial potential of essential 

o i l s ,  p a r t i c u l a r l y  M .  p u l e g i u m , 

against multidrug-resistant clinical 

i solates ,  th is  research provided 

valuable insights into their possible 

roles as complementary or substitute 

therapies in the global fight against 

antibiotic resistance.

MATERIALS AND METHODS

Essential oils source

Aq.  agal locha,  Ar.  abs inthium, 

H .  o ffi c i n a l i s ,  a n d  M .  p u l e g i u m 

essential oils purified by the steam 

distillation method were obtained 

from Katyani Exports (Delhi, India) 

and stored at 4 °C in the dark until 

use.  Each essential oil containing 

2.5% Tween 20 was sterilized via 

passage through a 0.2 µm syringe 

filter. 

Gas chromatography-mass spec-

trometry (GC-MS) method

T h e  c h e m i c a l  c o m p o s i t i o n s 

o f  essent ia l  o i l s  were  ana lyzed 

us ing  gas  chromatography/  gas 

chromatography-mass spectrometry 

(GC/GC-MS) (GC-MS Clarus 500; 

Perkin Elmer Inc,  Waltham, MA) 

equipped with a capillary column 

( 6 0 . 0  m  ×  0 . 2 5  m m  ×  0 . 2 5  μ m ) 

(HP Innowax Capil lary;  Agi lent 

Technologies ,  Santa  Clara ,  CA).  

Helium at a flow rate of 0.8 ml/min 

was used as the carrier gas,  and 

1-μl aliquots of the samples were 

injected using a 40:1 split ratio.  The 

temperature of the injector system 

was kept constant at 250 °C, with the 

column temperature programmed 

at 60°C for 10 minutes, then from 

60 °C to 220 °C at 4°C/minute and 

maintained at 220°C for 10 minutes; 

the analysis was completed in 60 

minutes.  For the detection of mass, 
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a scanning range (m/z) of 35-450 

atomic mass units was used with an 

electron bombardment ionization 

at 70 eV.  Essential oil components 

were identified employing Wiley 

and Oil Adams libraries (Adams, 

2007). 

Bacterial samples and cultivation 

B a c t e r i a  f r o m  r e s p i r a t o r y 

tract samples were obtained from 

K a h r a m a n m a r a ş  S ü t ç ü  I m a m 

U n i v e r s i t y  H o s p i t a l  M e d i c a l 

Microbiology Laboratory.  Samples 

were inoculated onto blood Eosin 

Methylene-blue (EMB) agar (Becton, 

Dickinson and Company, Sparks, 

MD) and incubated at  37 °C for 

24-48 hours.  The isolated strains 

were identified using conventional 

methods (Cheesbrough, 2006) and 

the  BD Phoenix  100  automated 

identification system (BD Phoenix 

System; Beckton Dickinson, Franklin 

L a k e s ,  N J ) .   I n  v i t r o  a n t i b i o t i c 

susceptibilities of the strains were 

d e t e r m i n e d  u s i n g  t h e  P h o e n i x 

TM 100 automated identification 

s y s t e m  b a s e d  o n  t h e  E u r o p e a n 

C o m m i tt e e  o n  A n t i m i c r o b i a l 

Susceptibil i ty Testing (EUCAST) 

criteria (EUCAST, 2024).

Disk diffusion sensitivity assay

D e h y d r a t e d  M u e l l e r  H i n t o n 

agar (MHA) (Becton, Dickinson and 

Company, Sparks, MD) (34.0 g/l) 

was melted by heating, sterilized 

at 121 °C for 15 minutes, cooled to 

50 °C, and then poured into sterile 

petri  dishes (9 cm diameter ).   A 

bacterial  suspension (containing 

108 CFU/ml of bacteria) was spread 

on the MHA, then a sterile blank 

disc (6 mm diameter ) was placed 

on the medium and a 20-µl aliquot 

of  essential  oi l  preparat ion was 

added to the disc.  An antibiotic-

containing disc served as a positive 

control and an untreated disc as a 

negative control.  The petri dishes 

were  incubated  a t  37  °C  for  24 

hours, and inhibition zones were 

measured using a caliper.

Minimum inhibitory concentra-

tion (MIC) assay

A 100-µl  a l iquot  o f  Muel le r 

Hinton Broth (Becton, Dickinson 

and Company,  Sparks,  MD) and 

a  100-µl  a l iquot  of  essent ia l  o i l 
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preparation, serially diluted from 

200 to 0.39 mg/ml (2.5% Tween 20), 

were added to each well of a sterile 

96-well microplate.  Finally, a 10-µl 

aliquot of each test microorganism 

(1.5 × 104 cells) was added to each 

well.  Positive control well contained 

only MHB and negative control well 

contained MHB and the bacterial 

inoculum. Plates were incubated 

at 37 °C for 24 hours, and A600 nm 

of each well was measured using 

a microplate reader (SpectraMax 

Plus 384, Molecular Devices, San 

Jose, CA).  A minimum inhibitory 

c o n c e n t r a t i o n  ( M I C )  i s  d e fi n e d 

as the lowest concentration of an 

antimicrobial agent that prevents 

visible growth of a microorganism 

after overnight incubation (EUCAST 

and ESCMID, 2000) 

Statistical analysis 

Each experiment was carried 

out  in  t r ip l i ca te  and  the  resu l t 

was reported as mean ± standard 

deviation (SD). 

Ethical approval

Approval was received for this 

study from the Medical Research 

Ethics Committee of Kahramanmaraş 

Sütçü  İmam Univers i ty  Facul ty 

of Medicine (Session no: 2021/21, 

Decision no: 01).

RESULTS

C h e m i c a l  c o m p o s i t i o n  o f  t h e 

essential oils

From the GC/GC-MS analyses, 

the essential  oi l  of  Ar.  agal locha 

c o n t a i n e d  2 3  v o l a t i l e  c h e m i c a l 

c o m p o u n d s ,  w i t h  t h e  m a j o r 

c o n s t i t u e n t s  i d e n t i fi e d  a s 

dodecanedioic acid, dimethyl ester 

(19.65%),  1-(4- isopropylphenyl)-

2-methylpropyl  acetate (16.61%) 

a n d  Pa t c h o u l i  a l c o h o l  ( 8 . 4 6 % ) 

(Table 1); that of Ar. absinthium 13 

volatile chemical components, with 

the major  compounds identified 

as  caryophyl lene  (18 .51%) ,  1 .8 -

cineole (13.14%), β-pinene (12.61%), 

and (+/-)trans-nerolidol (12.35%) 

( Ta b l e  2 ) ;  t h a t  o f  H .  o ffi c i n a l i s 

3 7  c h e m i c a l  c o m p o u n d s ,  w i t h 

the major constituents identified 

a s  2 - n o r n a n o n e  ( 1 4 . 2 % ) ,  t r a n s -

p i n o c a m p h o n e  ( 1 0 . 2 % )  a n d 

1.8-cineole (8.77%) (Table 3); and 
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tha t  o f  M. pu l eg ium  11  vo la t i l e 
chemica l  components ,  wi th  the 
m a j o r  c o m p o u n d s  i d e n t i fi e d  a s 
pulegone (58.5%), 3-p-menthanol 
(13.3%) and isomenthone (9.91%) 
(Table 4). 

A n t i b i o g r a m s  o f  t h e  c l i n i c a l 
bacterial isolates

T h e  t e s t  m i c r o o r g a n i s m s 
isolated from the human respiratory 
t r a c t  w e r e  t h e  G r a m - p o s i t i v e 
b a c t e r i a  S t a p h y l o c o c c u s  a u r e u s  
(S. aureus) and Streptococcus pyogenes  
(S. pyogenes), and the Gram-negative 
bacter ia  Acinetobacter  baumanni i 
( A .  b a u m a n n i i ) ,  E s c h e r i c h i a  c o l i 
( E .  c o l i ) ,  K l e b s i e l l a  p n e u m o n i a e  
(K. pneumoniae),  and Pseudomonas 

a e r u g i n o s a  ( P .  a e r u g i n o s a ) .  
Staphylococcus aureus was resistant 
to ampicillin, cefoxitin, clindamycin, 
erythromycin, oxacillin, penicillin 
G, and tetracycline; intermediate 
susceptible  to  c iprofloxacin and 
l e v o fl o x a c i n ;  a n d  s u s c e p t i b l e 
t o  d a p t o m y c i n ,  f u s i d i c  a c i d , 
gentamicin, linezolid, teicoplanin, 
t r imethoprim/sulfamethoxazole , 
and vancomycin (Table 5); whereas S. 
pyogenes was resistant to clindamycin, 

e r y t h r o m y c i n ,  g e n t a m i c i n , 

a n d  t e t r a c y c l i n e ;  i n t e r m e d i a t e 

suscept ible  to  levofloxacin;  and 

susceptible to cefepim, cefuroxime, 

c h l o r a m p h e n i c o l ,  d a p t o m y c i n , 

linezolid, penicillin G, teicoplanin, 

and vancomycin. 

Of the Gram-negative bacteria, 

K .  p n e u m o n i a e  wa s  r e s i s t a n t  t o 

near ly  a l l  the  ant ibiot ics  tested 

( 1 6 / 1 7 )  ( a m i k a c i n ,  a m o x i c i l l i n /

clavunate,  ampici l l in,  cefazolin, 

cefepime, ceftazidime, ceftriaxone, 

cefuroxime, ciprofloxacin, colistin, 

ertapenem, gentamicin, imipenem, 

l e v o fl o x a c i n ,  p i p e r a c i l l i n /

tazobac tam,  and  t r imethopr im/

s u l f a m e t h o x a z o l e ) ,  w i t h  t h e 

e x c e p t i o n  f o r  t h e  i n t e r m e d i a t e 

susceptibi l i ty  to  meropenem;  A. 

baumannii  was similarly resistant 

t o  n e a r l y  a l l  a n t i b i o t i c s  t e s t e d 

( 7 / 8 )  ( a m i k a c i n ,  c i p r o fl o x a c i n , 

gentamicin, imipenem, levofloxacin, 

m e r o p e n e m ,  t r i m e t h o p r i m /

sulfamethoxazole) but susceptible 

t o  c o l i s t i n ;  P .  a e r u g i n o s a  w a s 

resistant to a lower proportion of the 

antibiotics tested (11/15) (amikacin, 

amoxicillin/clavunate, ampicillin, 
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cefazolin, ceftazidime, ceftriaxone, 

c e f u r o x i m e ,  c i p r o fl o x a c i n , 
e r t a p e n e m ,  l e v o fl o x a c i n ,  a n d 
t i g e c y c l i n e ) ,  i n t e r m e d i a t e 
susceptible to cefepim, imipenem, 
and piperacill in/tazobactam, but 
susceptible to meropenem; while 
E .  c o l i  wa s  t h e  l e a s t  r e s i s t a n t 
to  the  ant ibiot ics  tes ted (10/17) 
(ampic i l l in ,  ce fazo l in ,  ce fep im, 
ceftazidime, ceftriaxone, cefuroxime, 
c i p r o fl o x a c i n ,  l e v o fl o x a c i n , 
p i p e r a c i l l i n / t a z o b a c t a m ,  a n d 
tr imethoprim/sulfamethoxazole) 
and susceptible to the remaining 
(amikacin, amoxicillin/clavunate, 
ertapenem, gentamicin, imipenem, 
meropenem, and tigecycline) (Table 
5).  Thus, all the test clinical bacteria 
isolates were multidrug-resistant, 
but, as expected, to different sets of 
antibiotics.

A n t i b a c t e r i a l  a c t i v i t i e s  o f  t h e 
essential oils 

The disk diffusion assay (Table 
6) demonstrated that Aq. agallocha 
essent ia l  o i l  was  most  effect ive 
a g a i n s t  S .  a u r e u s ,  f o l l o we d  b y 
against E. coli, then equally effective 
against A. baumannii, K. pneumoniae 

and S .  pyogenes  but  showed no 

a c t i v i t y  a g a i n s t  P .  a e r u g i n o s a .   

Ar.  abs inth ium  essent ia l  o i l  was 

effective only against S. aureus.  H. 

officinal i s  essent ial  oi l  was most 

effective against A. baumannii and 

S. aureus, followed by K. pneumoniae 

and S. pyogenes and then E. coli, but 

ineffective against  P. aeruginosa.  

M. pulegium essential oil was most 

e ff e c t i ve  a g a i n s t  A .  b a u m a n n i i , 

followed by against S. aureus and 

S. pyogenes, then against E. coli and 

K.  pneumoniae ,  but  was inact ive 

against P. aeruginosa.  The positive 

a n t i b i o t i c  c o n t r o l  a g a i n s t  e a c h 

bacterial isolate was based on the 

respective antibiogram (Table 5).

M I C  v a l u e s  ( Ta b l e  7 )  o f  

Aq.  agal locha and Ar.  abs inthium 

essential  oi ls  were the same (25 

mg/ml) for  A.  baumannii ,  E.  col i , 

K.  pneumoniae ,  S .  aureus ,  and S. 

pyogenes, but were two times higher 

f o r  P .  a e r u g i n o s a .   M I C  va l u e s 

of  H. officinal is  and M. pulegium 

essential oils for the five bacteria 

i s o l a t e s  we r e  l o we r :  t h a t  o f  H . 

officinal is  being 0.8,  1 .6,  1 .6,  1 .6, 

and 3.1 mg/ml for  A.  baumannii ,  
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Table 7

Minimum inhibitory concentrations of essential oil from Aquilaria agallocha, 
Artemisia absinthium, Hyssopus officinalis, and Mentha pulegium against a set of 

Gram-negative and Gram-positive clinical pathogenic bacteria

Clinical pathogenic bacteria Minimum inhibitory concentration of various 
essential oils,

Aquilaria 
agallocha

Artemisia 
absinthium

Hyssopus 
officinalis

Mentha 
pulegium

Gram-positive bacteria

Staphylococcus aureus 25.0 (-) 3.1 3.1

Streptecoccus pyogenes 25.0 (-) 1.6 0.8

Gram-negative bacteria

Acinetobacter baumannii 25.0 (-) 0.8 0.1

Escherichia coli 25.0 (-) 1.6 0.2

Klebsiella pneumoniae 25.0 (-) 1.6 0.1

Pseudomonas aeruginosa 50.0 (-) (-) (-)

mg/ml: milligrams per milliliter; (-): not determined

E. coli, K. pneumoniae, S. pyogenes, 

and S. aureus, respectively; and that 

of M. pulegium being 0.1, 0.1, 0.2, 

0.8, and 3.1 mg/ml for A. baumannii, 

K. pneumoniae, E. coli, S. pyogenes, 

and S. aureus, respectively.

DISCUSSION

We  a n a l y z e d  t h e  c h e m i c a l 

components  o f  essent ia l  o i l s  o f 

A q .  a g a l l o c h a ,  A r .  a b s i n t h i u m ,  

H. officinalis, and M. pulegium and 

found them to be effect ive with 

varying in vitro efficacy to some, but 

not all, of a reprentative group of 

multidrug-resistant Gram-negative 

and -positive bacteria isolated from 

patients at a hospital in Türkiye.

We found A. agallocha essential 

oil contained 23 volatile chemical 

compounds ,  the  major i ty  be ing 

d o d e c a n e d i o i c  a c i d  d i m e t h y l 
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e s t e r ,  1 - ( 4 - i s o p r o p y l p h e n y l ) -

2 - m e t h y l p r o p y l  a c e t a t e  a n d 

Patchouli alcohol.   Bhuiyan  et  al 

(2009) ,  in  Bangladesh,  reported 

29 components with the highest 

p r o p o r t i o n s  b e i n g  o c t a c o s a n e 

( 1 9 . 8 % ) ,  5 - i s o b u t y r a m i d o -

2 - m e t h y l  p y r i m i d i n e 

( 1 3 . 5 % )  a n d  N a p h t h a l e n e , 

1 , 2 , 3 , 5 , 6 , 7 , 8 , 8 a - o c t a h y d r o 1 , 8 a -

d i m e t h yl - 7 - ( 1 - m e t h yl e t h e n yl ) - , 

[1R- (1.alpha.,7.beta. ,8a.alpha.)]- 

( 1 2 . 7 % ) .   I n  I n d i a ,  Ta l u k d a r 

( 2 0 1 4 )  i d e n t i fi e d  1 7  o f  t h e  3 5 

c h e m i c a l  c o m p o u n d s ,  w i t h  t h e 

h i g h e s t  p r o p o r t i o n  b e l o n g i n g 

t o  t h r e e  f u r a n o i d s ,  n a m e l y 

2-isobutyl-3-methylfuran, 3-methyl-

2-(2-methyl-2-butenyl)-furan, and 

3-methyl -2- (2-oxopropyl) - furan.  

Alam  et al  (2020), in Bangladesh, 

identified 38 chemical compounds 

with the major components being 

n - h e x a d e c a n o i c  a c i d  ( 1 7 . 3 4 % ) , 

1(11)-spirovetiven-11-ol (10.42%) 

and guai-1(5)-en-11-ol (8.98%). 

We noted that Ar. absinthium 

e s s e n t i a l  o i l  c o n s i s t e d  o f  1 3 

chemica l  components ,  wi th  the 

major chemical compounds being 

β-caryophyllene, eucalyptol (1,8-

c ineole)  and β-pinene (12 .61%).  

Basta et al (2007) in Greece identified 

6 8  c o m p o u n d s ,  w i t h  t h e  m a i n 

components being caryophyllene 

oxide (25.3%),  p-cymene (16.8%) 

and eucalyptol (1,8-cineole) (8.9%).  

Kordali  e t  a l  (2005) ,  in  Türkiye, 

found 111 compounds with the main 

components  being chamazulene 

(17.8%), nuciferol butanoate (8.2%), 

nuciferol propionate (5.1%),  and 

caryophyllene oxide (4.3%). 

Our study of H. officinalis essential 

oil revealed 37 volatile compounds, 

with the major components being 

c a m p h o r  ( 2 - b o r n a n o n e ) ,  1 , 8 -

c i n e o l e  ( e u c a l y p t o l ) ,  β - p i n e n e , 

a n d  β - t r a n s - p i n o c a m p h o n e .  

Glamoclija et al (2005), in Serbia and 

Montenegro, reported 24 volatile 

compounds,  the  most  abundant 

being isopinocamphone (43.29%), 

p i n o c a m p h o n e  ( 1 6 . 7 9 % )  a n d 

β-pinene (16.31%).   Wesołowska 

e t  a l  (2010),  in Poland, obtained 

e s s e n t i a l  o i l  f r o m  H .  o ffi c i n a l i s 

u s i n g  t h r e e  m e t h o d s :  s t e a m 

distillation (31 compounds), simple 

hydrodistillation (36 compounds), 
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and Dean-Stark hydrodistillation 

(27 compounds).  GC-MS analysis 

s h o we d  t h a t  i s o p i n o c a m p h o n e 

was the major  component  in al l 

samples (40.07-45.45%).  Said-Al 

Ahl et al (2015), in Egypt, identified 

3 3  v o l a t i l e  c o m p o u n d s ,  w i t h 

the main components  being cis-

pinocamphone (26.85%), β-pinene 

(20.43%), and trans-pinocamphone 

(15 .97%) .   S tappen  e t  a l  (2015) , 

i n  I n d i a ,  i d e n t i fi e d  4 4  v o l a t i l e 

c o m p o n e n t s ,  w i t h  t h e  m a j o r 

c o m p o u n d s  b e i n g  p i n o c a r v o n e 

(23.4%), cis-pinocamphone (20.3%) 

and β-pinene (17.8%).   Zawislak 

( 2 0 1 6 ) ,  i n  P o l a n d ,  r e p o r t e d  5 2 

vo la t i l e  components ,  inc luding 

1  u n i d e n t i fi e d ,  w i t h  t h e  m a j o r 

compounds being isopinocamphone 

( 2 2 . 5 3 - 2 8 . 7 4 % ) ,  p i n o c a m p h o n e 

( 1 1 . 4 1 - 1 7 . 9 9 % ) ,  β - p i n e n e  ( 6 . 6 9 -

12.01%).

We  i d e n t i fi e d  1 1  v o l a t i l e 

compounds in M. pulegium essential 

o i l ,  w i t h  t h e  m a i n  c o m p o n e n t s 

being 3-p-menthanol, isomenthone 

and pulegone.  Lorenzo et al (2002), 

in Uruguay, reported 22 volatile 

compounds, with pulegone (73.4%), 

isomenthone (12.9%) and menthone 

(3 .6%) as  the main components .  

Agnihotr i  e t  a l  (2005) ,  in  India , 

reported 24 volatile compounds, 

with the main components being 

pulegone (65.9-83.1%), menthone 

(8.3-8.7%) and piperitone (1.3-3.2%).  

Beghidja et al (2007) identified 41 

volatile compounds in M. pulegium 

oils grown in different regions of 

eastern Alger ia ,  with  the  major 

proportions being pulegone (43.5-

87.3%), piperitenone (14.4-26.7%), 

i s o m e n t h o n e  ( 1 0 . 3 - 2 2 . 6 % ) ,  a n d 

menthone (3.96-6.78%).  Mahboubi 

and Haghi (2008), in Iran, identified 

1 6  v o l a t i l e  c o m p o u n d s ,  w i t h 

piperitone (38.0%),  piperitenone 

(33.0%),  α-terpineol  (4 .7%),  and 

pulegone (2.3%),  comprising the 

major components.  More recently, 

Oualdi  e t  a l  (2023) ,  in  Morocco, 

identified 10 volatile components, 

with the major compounds being 

p u l e g o n e  ( 7 4 . 8 8 % ) ,  d - l i m o n e n e 

(8.69%) and 2-(2,2,4-trimethyl-3-

cyclopenten-1-yl) ethanol (5.43%).

T h e s e  fi n d i n g s  h i g h l i g h t 

the  d ifferences  in  the  chemica l 

composition of essential oils, which 
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a r e  d e t e r m i n e d  b y  g e o g r a p h i c 

origin, climate, harvest time, plant 

parts used, isolation process, and 

detection method (Sharifi-Rad  et 

al, 2022).

T h e  m a i n  a n t i b a c t e r i a l 

mechanism of plant essential oils is 

due to the ability of their chemical 

constituents to interact with the 

bacterial cell membrane, affecting 

membrane properties, or to enter 

t h e  c e l l  c y t o p l a s m  d i s r u p t i n g 

metabolic processes, and ultimately 

l e a d i n g  t o  G r a m - n e g a t i ve  a n d 

-positive bacteria cell death (Moo 

et al, 2020; Balakrishnan et al, 2021; 

Farhanghi et al, 2022; Liu et al, 2025).  

Other studies indicate inhibition of 

biofilm formation and reduction in 

bacterial virulence factors are other 

bactericidal properties of medicinal 

plant  essential  oi ls  (Alcici  e t  a l , 

2025). 

Respiratory tract  infection is 

one of the most important infectious 

d iseases  wor ldwide ,  and i s  the 

leading cause  of  morbidi ty  and 

mortality in critically ill patients 

in developing countries (Kousalya 

e t  a l ,  2 0 1 0 ) .   H e n c e ,  we  c h o s e 

representative multidrug-resistant 

Gram-negative (A. baumannii, E. coli, 

K. pneumoniae ,  and P. aeruginosa) 

and Gram-positive (S. aureus  and 

S. pyogenes) bacteria isolated from 

patients’ respiratory tract to evaluate 

the in vitro bactericidal efficacy of 

the four plant essential oils.  Based 

on the disc diffusion assay, all four 

essential oils were effective against 

the five clinical multidrug-resistant 

bacteria isolates, but, as expected, 

their efficacies varied.  Our sample 

of Ar. Absinthium essential oil was 

only effect ive  against  S.  aureus , 

and a l l  four  essent ia l  o i ls  were 

ineffective against  P. aeruginosa .  

The latter  bacter ium conta ins  a 

l i p o p o l y s a c c h a r i d e  o u t e r  c o a t , 

which  res t r i c t s  the  penet ra t ion 

of lipophilic compounds, and the 

presence of multiple efflux pumps 

( e g ,  M e x A B - O p r M )  e ffi c i e n t l y 

expels  drugs  that  penetrate  the 

cell, while detoxification enzymes 

protect against the damage of drugs 

retained within the cell’s cytosol 

(Elfadadny et al, 2024; Langendonk 

e t  a l ,  2021 ;  Verdia l  e t  a l ,  2023) .   
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In addition, the bacterium’s strong 

biofilm-forming ability reduces the 

diffusion of antibacterial agents. 

As exper imenta l  condi t ions , 

such  as  the  assay  methods  and 

the  concentra t ions  t es ted ,  p lay 

d e c i s i v e  r o l e s  i n  d e t e r m i n i n g 

a n t i b a c t e r i a l  o u t c o m e s  ( K i r a y , 

2023) ,  i t  i s  d ifficul t  to  compare 

our  resul ts  with  those  reported 

in the literature.  In general, the 

bactericidal properties of similar 

essential oils are consistent with 

o u r  fi n d i n g s  ( L o p e s - L u tz  e t  a l , 

2008; Mahboubi and Haghi, 2008; 

Haj laoui  e t  a l ,  2009 ;  Kiz i l  e t  a l , 

2010; Baj et al, 2011; Boukhebti et 

al, 2011; Ghosh et al, 2013; Bekka-

H a d j i  e t  a l ,  2 0 2 2 ;  E z - Z r i o u l i  e t 

al ,  2022).   Of note,  low levels of 

phenolic compounds in essential 

oils have been attributed to their 

l o w  a n t i b a c t e r i a l  e ff e c t i ve n e s s 

(Bayaz, 2014).

One limitation of our study was 

that only a single isolate of each 

bacterial species was tested.  Future 

studies  should include mult iple 

c l i n i c a l  i s o l a t e s  o b t a i n e d  f r o m 

different patients and from other 

hospitals to help better assess the 

reproducibility and generalizability 

o f  t h e  o b s e r v e d  a n t i b a c t e r i a l 

activity.

I n  c o n c l u s i o n ,  o u r  s t u d i e s 

showed that essential oils from the 

medicinal plants Aquilaria agallocha, 

A r t e m i s i a  a b s i n t h i u m ,  H y s s o p u s 

offic ina l i s ,  and Mentha  pu l eg ium 

had bactericidal properties against 

multidrug-resistant clinical isolates 

of  Gram-posit ive (Staphylococcus 

aureus and Streptococcus pyogenes) 

and Gram-negative (Acinetobacter 

b a u m a n n i i ,  E s c h e r i c h i a  c o l i  a n d 

K l e b s i e l l a  p n e u m o n i a e )  b a c t e r i a , 

b u t  n o t  a g a i n s t  P s e u d o m o n a s 

aeruginosa.  These findings suggest 

that medicinal plant essential oils 

may serve as potential alternatives 

or additions to current synthetic 

a n t i m i c r o b i a l s ,  e s p e c i a l l y  i n 

c o m b a t i n g  m u l t i d r u g - r e s i s t a n t 

bacteria in Türkiye and elsewhere.
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