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Phytochemical Analysis, Antibacterial Activity of Marrubium vulgare L against
Staphylococcus aureus in vitro
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Background: Herbal medicines are the major remedy in traditional medical systems and
made a great contribution in maintaining human health and in preventing many infectious
diseases. The present study was carried out to determine the potential antibacterial effect
of ethanol extracts and essential oil of Marrubium vulgare L. against Staphylococcus
aureus which is antibiotic resistant.
Materials and Methods: All 17 strains of S. aureus isolated from nose and throat sample
from 160 healthy subjects, hospital staffs and inpatient in the city of Zabol (Amir AlMomenin hospital, Zabol, south-eastern Iran) were screened during years 2010-2011. In
this study, the essential oil of Marrubium vulgare L. obtained by hydrodistillation was
analyzed by gas chromatography coupled to mass spectrometry (GC-MS) in order to
determine their chemical composition. The minimum inhibitory concentrations were
investigated to characterize the antimicrobial activities of this essential oil and extract.
Results: Thirty-one components in the oil of Marrubium vulgare were identified. The
results demonstrated that the major components of the essential oil were γ-Eudesmol
(11%), Germacrene (10%), D-Citronelly formate (10%), β-Citronellol (8%), Geranyl
tiglate (7.1%), Geranyl formate (6.02%). The least MIC value of extract M. vulgare was
2.5 mg/mL and the highest MIC value of essential oil M. vulgare was 2.5 mg/mL.
Conclusion: This investigation showed that the M. vulgare essential oil and extract has a
potent antimicrobial activity against S. aureus. The present studies confirm the use of this
essential oil and extract as antibacterial agent. Further research is required to evaluate the
practical values of therapeutic applications.
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Introduction

T

he Lamiaceae plants was considered as one of the
large plant families used as a framework to
evaluate the occurrence of typical secondary
metabolites [1]. Among them, Marrubium vulgare L. is a
perennial herb of the Labiatae family which is commonly
known as “horehound” in Europe, or “Marrubia” in
Tunisia, and it is naturalized in North and South America,
the latter and Western Asia. Marrubium is an aromatic
plant and native in Iran, which has been widely
distributed in Azarbaijan, Golestan, Kerman, Kurdestan,
Qazvin and Tehran provinces. In Iran herbal medicine,
Marrubium has been known as a tonic, stomachic tonic,
anti-pyretic in external use, and it has been used as an
anti-septic and healing agent [2]. It is helpful for
bronchial asthma and nonproductive cough. It was
formerly much esteemed in various uterine, visceral and
hepatic affections and in phthisis [3]. In the
Mediterranean region, Marrubium vulgare is frequently
used in traditional medicine to cure a variety of diseases.
The plant is reported to possess hypoglycemic [4],
vasorelaxant, antihypertensive [5], analgesic [6], antiinflammatory [7], antioxidant activity, antierdematogenic
activity, and many other biological activities. The study of
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Megre- Silva et al. showed that Prteus vulgaris and
Eschericha coli are sensitive about Marrubium vulgare
[8]. In the study of Kahloche- Riachi et al., the
Marrubium vulgare L extracts showed higher
antibacterial activity of E. coli, the area of inhibition were
14.33+3.51 mm [9]. Bacterial infectious diseases
represent by important cause of morbidity and mortality
worldwide. An antibiotic resistant bacterium is a threat
which is increasing currently.
Staphylococcus aureus infections are widespread in the
USA, and commonly manifest as minor skin and soft
tissue infections such as boils, abscesses, furuncles,
folliculitis, and cellulitis. Complications of infection
include bloodstream infections, surgical wound
infections, urinary tract infections, and pneumonia. Due to
the importance of these strains, numerous studies have
been conducted on their prevalence in hospitals and
communities of, Germany [10], Latvia [11], Iran [12], and
Switzerland [13]. An increasing proportion of S. aureus
infections have got resistant to antibiotics such as
methicillin, penicillin, and cephalexin; these infections,
known as methicillin-resistant S. aureus (MRSA), are
often referred as a ‘superbug’ by the media. The Centers
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for Disease Control (CDC) estimate that about 25-30% of
the US population is colonized with S. aureus, while
about 1-5% harbor MRSA; however, carriage rates can
vary by geographic location and the specific population
being sampled [14]. The present study was carried out to
determine the potential antibacterial effect of ethanol
extracts and essential oil of Marrubium vulgare L. against
antibiotic resistant S. aureus. In recent years, essential oils
of plants and their other products from secondary
metabolism have been in high demand by the
manufacturers of foods flavoring, fragrance, cosmetics,
and pharmaceutical industries due to the growing interest
of consumers in ingredients from natural sources.

Materials and Methods
Plant materials: The leaf M. vulgare was collected in
the region of Iran (Zahedan and Kerman, south-eastern,
Iran) and planted in Kerman Azad university herbarium
received approval and dried at room temperature. Samples
were crashed and transferred into glass container and
preserved until extraction procedure was performed in the
laboratory.
Distillation of essential oil: The leaf M. vulgare was
ground prior to the operation and then 300 g of ground
rosemary was submitted to water distillation for 4 h using
a Clevenger apparatus. The distilled essential oil was
dried over anhydrous sodium sulfate, filtered and stored at
4ºC.
Preparation of extracts: Plant was properly dried and
pulverized into a coarse powder as reported by Hanafy
and Hatem [15]. Each of 20 g grinded powders was
soaked in 60 mL ethanol 95 %, separately for one day
(shaking occasionally with a shaker). After one day of
dissolving process, materials were filtered (Whatman No.
1 filter paper) .Then the filtrates were evaporated using
rotary evaporator. At last, 0.97 g of dried extracts were
obtained and then stored at 40ºC in air tight screw-cap
tube.
GC/MS (Gas chromatography/ mass spectrometry)
analysis conditions: The essential oil was analyzed using
an Agilent-Technologies 6890 N Network GC system
equipped with a flame ionization detector and HP-5MS
capillary column (30 m×0.25 mm, film thickness 0.25
µm; Agilent-Technologies, Little Falls, CA, USA). The
injector and detector temperatures were set at 250 and
280ºC, respectively. The column temperature was
programmed from 35 to 250ºC at a rate of 5ºC/min, with
the lower and upper temperatures being held for 3 and 10
min, respectively. The flow rate of the carrier gas
(helium) was 1.0 mL/min. A sample of 1.0 µL was
injected, using split mode (split ratio, 1:100). All
quantifications were carried out using a built-in datahandling programme provided by the manufacturer of the
gas chromatograph. The composition was reported as a
relative percentage of the total peak area. The
identification of the essential oil constituents was based
on a comparison of their retention times to n-alkanes,
compared to published data and spectra of authentic
compounds. Compounds were further identified and
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authenticated using their mass spectra compared to the
Wiley version 7.0 library.
Staphylococcus aureus isolation and culturing: crosssectional study was performed that seventeen nose and
throat sample from 160 healthy subjects: (80 samples)
hospital staffs (40 samples) and inpatient (40 samples) in
the city of Zabol (Amir al-Momenin hospital, Zabol,
south-eastern Iran) were screened during years 20102011. Samples were collected from infected quarter just
on time from each suffering man. An aliquot (10 µL)
from each sample was spread over blood agar (Merck,
Germany) (pH=6.5) plate and incubated at 370ºC for 24
h. Isolated Gram and catalase positive cocci were further
tests for biochemical characterization viz. carbohydrates
fermentation followed by urease, vogues-proskauer,
arginine ultilization, lysostaphin sensitivity, coagulase,
clumping factor thermonuclease, haemolysin tests [16].
Agar disk diffusion assay: The susceptibility of all
antibiotics was carried out using disc diffusion method on
Muller-Hinton agar as recommended by CLSI [17]. The
procedure followed is briefly described here. S. aureus
isolated plates were grown overnight on blood agar and
colony suspension was prepared using the sterile salin
water equivalent to a 0.5 McFarland standard. Suspension
(100 µL) was spread over the media plate and antibiotic
disc was transferred aseptically on the surface of
inoculated media plate. Isolated plates were tested with
different antibiotics and their concentration shown in
parenthesis viz. tetracyclin (30 μg), ampicillin (10 μg),
trimethoprim-sulfamethoxazol
(1.25+23.15
μg),
erythromycin (15 μg), ceftazidime (30 μg), penicillin (10
μg), amikacin (10 μg), ceftriaxon (30 μg).
Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC) of plant
extracts: The broth microdilution method was used to
determine MIC and MBC according to Yu et al. [18]. All
tests were performed in Mueller Hinton broth
supplemented with Tween 80 at a final concentration of
0.5% (v/v). Briefly, serial doubling dilutions of the extract
were prepared in a 96-well microtiter plate ranged from
0.3 mg/mL to 10.00 mg/mL. To each well, 10 μL of
indicator solution (prepared by dissolving a 10 mg extract
in 2 mL of DMSO) and 10 μL of Mueller Hinton Broth
were added. Finally, 10 μL of bacterial suspension (106
CFU/mL) was added to each well to achieve the
concentration of 104 CFU/mL. The plates were wrapped
loosely with cling film to ensure that the bacteria did not
get dehydrated. The plates were prepared in triplicates,
and then they were placed in an incubator at 37ºC for 1824 h. The color change was then assessed visually. The
lowest concentration at which the color change occurred
was taken as the MIC value. The average of 3 values was
calculated providing the MIC and MBC values for the
tested extracts. The MIC is defined as the lowest
concentration of the extract at which the microorganism
does not demonstrate the visible growth. The
microorganism growth was indicated by turbidity. The
MBC was defined as the lowest concentration of the
extract at which the incubated microorganism was
completely killed.
61

Zahedan J Res Med Sci 2014 Oct; 16(10): 60-64
Table 1. Compared to standard antibiotic discs inhibitory effect on pathogenic strains isolated (%)
Trimethoprim
Ampicillin
R
70.6
70
S
23.5
17.6
I
5.9
11.8
S= Sensitive, I= Intermediate, R= Resistant

Ceftazidime
29.4
52.9
17.6

Tetracycline
23.5
29.4
47.1

Statistical treatment of the results: The mean values
were analyzed with the MINITAB Release 13.20 program
statistically by the general one-way analysis of variance
(ANOVA) to find out the most effective plants and the
most sensitive test organisms.

Results
Staphylococcus aureus constituted 17 (10.62%) of the
160 isolated plates. The majority of isolated plates were
throat. Antibiotic resistant S. aureus isolates were
obtained from both sources of nose and throat, but with a
significant difference in the prevalence of resistant
isolates between the hospital and control group. Table 1
shows the antibiotic resistance pattern of the isolates.
Table2. Chemical compositions and retention indices (RI) of the M.
vulgare essential oil
Chemical composition
Camphene
N,N- bistrimethylsilyl
α -Pinene
1-Vinylcyclohexane
Geraniol
α -Thujone
1,8-Cineole
Camphor
Iso menthon
Borneol
β -Citronellol
Trans- caryophyllene
Citronellyl formate
Geranyl formate
α -Copaene
β -Bourbonene
α-Humulene
α -Muurolene
α-Amorphene
Neoalloocimene
Germacrene- D
Neryl acetate
γ-Eudesmol
Ledene
β-bisabolene
ϭ-Cadinene
α-Agarofuran
Furan-2-one, 4-phenyltetrahydro
Geranyl tiglate
β -Cubebene
Cyclononasiloxane, octadecamethyl

RI
790
862
935
960
1022
1131
1151
1188
1192
1212
1256
1290
1343
1367
1422
1456
1462
1458
1492
1495
1510
1515
1530
1539
1544
1565

%
3.15
0.77
2.16
0.50
3.70
2.45
3.75
1.03
0.67
0.62
8
2.34
10
6.02
1.35
1.80
0.52
0.63
0.88
0.98
10
3.41
11
5.15
0.77
3.35

1589
1623
1639
1662
1689

0.42
1.44
7.1
3.30
4.3

Chemical composition: The percentages and the
retention indices of the identified components are listed in
table 2 in the order of their elution on the HP-5MS
column. GC-MS analysis of Marrubium vulgare essential
oil led to the identification of thirty four (34) compounds,
accounting for 100% of the total oil.
Yield of essential oil obtained by hydrodistillation from
aerial part of plant was 0.34%. Indeed, the oil contains
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Erythromycin
82.4
5.9
11.8

Penicillin
88.2
5.9
5.9

Ceftriaxone
23.5
5.9
70.6

Amikacin
5.9
94.1
0

γ-Eudesmol (11%), Germacrene (10%), D- Citronelly
formate (10%), β -Citronellol (8%), Geranyl tiglate
(7.1%), Geranyl formate (6.02%) which all of them were
presented in fairly good amounts. On the other hand,
Lendene (5.15%), Cyclononasiloxane- Octadecamethyl
(4.3), 1, 8-Cineole (3.75%), Geraniol (3.70%), Neryl
acetate (3.41), γ- Cadinene (3.35) and B- Cubebene
(3.30).
Antibacterial activity: Different inhibitory effects of
alcoholic extract and essential oil from M. vulgare against
most S. aureus isolates were demonstrated in table 3,
4.The results in tables 3 and 4 showed that ethanol extract
and essential oil of M. vulgare had inhibitory effect
against most isolated plates. The least MIC value of
alcoholic extract of M. vulgare was 2.5 mg/mL and the
highest MBC value of alcoholic extract of M. vulgare
were 5 mg/mL and 10 mg/mL (Table 3). The least MIC
and MBC value of essential oil were 0.3 mg/mL and 0.62
and 1.25 mg/mL respectively and the highest MIC and
MBC value of essential oil of M. vulgare were 2.5 mg/mL
and 5 mg/mL respectively (Table 4). No significant
difference was noted between the extract and essential oil
of M. vulgare (p<0.05).
Table 3. Minimum inhibitory concentration of M. vulgare extract
against S. aureus
M. vulgare
concentration (mg/mL)
MIC
MBC

0.3

0.62

1.25

2.5

5

10

0
0

0
0

0
0

11.76
0

70.58
41.17

0
41.17

Table 4. Minimum inhibitory concentration of M. vulgare essential oil
against S. aureus
M. vulgare
concentration(mg/mL)
MIC
MBC

0.3

0.62

1.25

2.5

5

10

5.88
0

5.88
5.88

5.88
5.88

47.05
11.76

17.64
47.05

17.64
26.41

Discussion
In the study show that thirty-one components in the oil
of Marrubium vulgare were identified. The results
demonstrated that the major components of the essential
oil were γ-Eudesmol (11%), Germacrene (10%),
D- Citronelly formate (10%), β -Citronellol (8%), Geranyl
tiglate (7.1%), Geranyl formate (6.02%). The least MIC
value of extract M. vulgare was 2.5 mg/mL and the
highest MIC value of essential oil M. vulgare was 2.5
mg/mL.
Staphylococcus aureus is a prevalent pathogen
worldwide, which is usually multi- resistant in hospital. In
this study, the prevalence of S. aureus was 10.62%. In the
study of Ekrami and Kalantar in a burn hospital in Iran,
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the result shows that prevalence of S. aureus was 20.2%
[19]. In our study 58 % of S. aureus MRSA were
methicillin resistant. This pathogen has been reported as a
major cause of nasocomial infection in Europe [20, 21],
plant essential oils and extracts are potentially useful
sources of antimicrobial compounds. Essential oils are
natural products extracted from vegetal materials which,
because of their antibacterial, antifungal, antioxidant and
anti-carcinogenic properties, can be used as natural
additives in many foods [22]. Results show the oil
contains γ-Eudesmol (11%), Germacrene (10%), DCitronelly formate (10%), β ‐ Citronellol (8%), Geranyl
tiglate (7.1%), Geranyl formate (6.02%) which were
presented in fairly good amounts and Lendene (5.15%),
Cyclononasiloxane- Octadecamethyl (4.3), 1, 8-Cineole
(3.75%), Geraniol (3.70%), Neryl acetate (3.41), γ‐
Cadinene (3.35) and β‐Cubebene (3.30) which were
presented in this study. Morteza and Saeedi, reported that
the major constituents of the essential oil of M. vulgare
from Iran were β-bisabolene (20.4%), 8-cadinene (19.1%)
and isocaryophyllene (14.1%) [23]; Khanavi et al. showed
that the major component of Marrubium vulgare from
other region of Iran were bisabolene (25.4%), βcaryophyllene (11.6%), germacrene (9.7%) and E-Bfarnesene (8.3%) [24], and Asadipour et al. found that
caryophyllene oxide (18.7%), β-caryophyllene (12.8%)
and germacrene D (10.0%) were the major compounds of
Marrubium vulgare collected from another region of Iran
[25]. The antimicrobial activities of Marrubium vulgare
essential oil and extract against S. aureus examined in the
present study and their potency was qualitatively and
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