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ABSTRACT

Cardamine uliginosa Bieb. is a native plant belonging to Brassicaceae family which can used in
ethnomedicine. This study was carried out to evaluate the essential oils composition of Cardamine
uliginosa and its antibacterial activity. The plant sample was analyzed by GC/GC-MS system.
Eventually twenty four components representing 91.2% of the total oil were identified. The obtained
results proved the presence of twenty four components. The major component essential oil of this
plant were identified as; limonene (32.6%), caryophyllene oxide (28.5%), B-caryophyllene (8.4%), p-
cymene (3.4%), a-terpinolene (3.3%), B-pinene (2.4%), a-copaene (2.1%), a-longipinene (1.3%), &
cadinene (1.2%) and pB-ocimene (1.0%) was determined. The antibacterial activity of the essential oil
was determined against sixteen bacterium isolates by measuring inhibition zones produced by the
oil. The antibacterial activity of C. uliginosa essential oil was tested using the disc diffusion method
wherein the essential oil has shown notably antibacterial effect with the inhibition zone in diameter
from 2 mm (for Pseudomonas aeruginosa DSM 50070) to 11 mm (for Bacillus subtilis IM 622), with
the exception of Salmonella enterica ATCC 1331 and Salmonella typhimurium NRRLE 4413 where
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the oils haven't shown antibacterial activity. Also weak inhibitory effect were observed against
Enterobacter aerogenes CCM 2531, Escherichia coli ATCC 25922, Pseudomonas aeruginosa DSM
50070 and Proteus vulgaris. Chemical composition and antibacterial activity of the tested
Cardamine uliginosa essential oil, obtained from plant material from the eastern region of Turkey,

display a significant phytomedical potential.

Keywords: Cardamine uliginosa; essential oil; antibacterial activity.

1. INTRODUCTION

The Brassicaceae (Cruciferae), or mustard
family, is a monophyletic group and includes
more than 350 genera and 3500 species.
Brassicaceae taxa generally cool season
annuals, characterised by short cycle and wide
adaptability; for this reason they are suited for
cultivation in different seasons and in a variety of
environments [1]. Also Cruciferae family includes
many economically important ornamental and
crop species (vegetables or sources of industrial
and cooking oils, forage, and condiments).
Cardamine L. is one of the largest genera of the
Brassicaceae family, comprising at least 200
species distributed worldwide [1]. Both aerial
parts and root provide the parts of some
Cardamine species used in popular medicine to
treat catarrhal ailments, respiratory tract,
gastrointestinal tract and urogenital infections;
and the infusion of this plant used as a
mouthwash for mouth and larynx inflammation
[2]. Some species of Cardamine have been
consumed in the past as a salad and some as a
remedy for scurvy [3]. The Cardamine species,
commonly called toothworts have been used in
folk medicine in different parts of the world as
drugs for the treatment of toothache and as
gastrointestinal aid [4]. Among them, Cardamine
diphylla was very important for North American
First Nations. The Algonquin gave an infusion of
the plant to children with fevers, the cherokee
gargled an infusion of the root to aid sore throats,
the delaware used an infusion [3]. The root of
Cardamine used as a stomach remedy and as a
venereal aid and also as a remedy for the first
stages of tuberculosis [3]. Moreover, the root of
Cardamine leucantha has been included in a
Chinese plant mixture for treating asthma [5].
Beside the medicinal uses, the decorative feature
of Cardamine sp. makes them good candidates
for landscape design [6]. Cardamine flexuosa
has been shown to exhibit anticancer properties
due to their high content of glucosinolates which
hydrolyze to form bioactive products such as
isothiocyanates [7].

The essential oil components depends on
climatic, seasonal and geographic conditions,

harvest period and distillation technique. In
addition, their antimicrobial activity depends on
the type, composition and concentration of the
essential oils, the composition of the substrate
and the processing and the storage conditions
[8]. Usually, plant pathogenic fungi are checked
up by synthetic fungicides but use of these is
progressively limited because of the deleterious
effects of pesticides on human health and the
environment [9]. Plant metabolites, herbal-based
medicines are think to be less harmful to human
health as well as the environment compared to
synthetic pesticides [10]. Excessive use of
antibiotics has led to the ever more frequent
occurence of resistant stems, especially in the
case of first generation antibiotics [11]. For this
reason, the last decades have seen massive
efforts in the attempt to identify alternative
treatments to the classical ways represented by
antibiotic therapy. Plants have been used in
traditional treatments to cure various diseases for
thousands of years. Numerous studies have
demonstrated that esssential oils obtained from
plants represent antibacterial properties [12].
Particularly, the antimicrobial activities of plant
essential oils and extracts have formed the basis
of many applications including raw and
processed food preservation, pharmaceuticals,
alternative medicine and natural therapies [13].

There have been no previous reports on
essential oil composition and antimicrobial
activity studies on Cardamine uliginosa. The
present study was aimed at identifying the
essential oil composition of the Cardamine
uliginosa and to determine antibacterial activities
of this essential oil in an attempt to contribute to
the use of these as alternative products for
microbial control and food preservation.

2. MATERIALS AND METHODS

2.1 Plant Material

Plant sample was collected from their natural
habitats in North of Floating Islands (Bingol-

Solhan), Quercus forest openings, on
20.05.2016. Plant sample was identified by Kilic
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with Flora of Turkey and East Aegean Islands
[14]. The voucher specimens have been
deposited at the Technical Vocational College,
Department of Park and Garden Plants, Bingol
University.

2.2 Isolation of the Essential Oils

The air-dried aerial parts of the Cardamine
uliginosa was subjected to hydrodistillation using
a Clevenger-type apparatus for 3-4 h, at the
Technical Vocational College, Department of

Park and Garden Plants, Bingol University
(Turkey).
2.3 Gas Chromatography/ Mass

Spectrometry (GC-MS) Analysis

A Varian 3800 gas chromatograph (GC), exactly
interfaced with a Varian 2000 ion trap mass
spectrometer (MS), was used with a splitless
injection mode and an injector temperature of
260C. The GC is equipped with 60 m long
column packed with CP-Wax 52 CB 0.25 mm i.d.
The oven temperature was 45T held for 5 min,
then increased to 80C at a rate of 10C min '1,
and to 240C at a rate of 2°C min . Helium was
the carrier gas which used at a stable pressure of
10 psi (Pounds per square inch); the transfer line
temperature was 250C; with an electron impact
ionisation mode an acquisition range of 40 to 200
m z* and a scan rate of 1 us™. The compounds
were identified using the NIST (National Institute
of Standards and Technology) library, mass
spectral library and verified by the retention
indices which were calculated as described by
Van den Dool and Kratz [15]. The relative
amounts were calculated on the basis of peak-
area ratios. The identified constituents of the
essential oils is listed in Table 1.

2.4 Evaluating Antibacterial Activity

2.4.1 Bacterial strains

In this study sixteen bacteria strains were used.
The bacterial cells assayed included seven
Gram-positive bacteria namely Bacillus subtilis
ATCC 6337, Brevibacillus brevis, Bacillus
megaterium DSM 32, Bacillus subtilis IM 622,
Bacillus cereus EMC 19, Staphylococcus aureus
6538 P, Listeria monocytogenes NCTC 5348 and
the nine Gram negative bacteria Salmonella
typhimurium NRRLE 4413, Pseudomonas
fluorescens, Enterobacter aerogenes CCM 2531,
Klebsiella pneumoniae EMCS, Escherichia coli
ATCC 25922, Proteus vulgaris FMC I,

Pseudomonas aeruginosa DSM 50070, Proteus
vulgaris, Salmonella enterica ATCC 13311.

2.4.2 Antibacterial screening

The disc diffusion method was used for the
determination antibacterial activity of essential
oils. Suspension of the test bacteria strains in
phase (100 pl) were spread on the solid Mueller
Hinton Agar (Merck) media plates. Filter paper
discs (6 mm in diameter, Bioanalyse) were
individually impregnated with 10 pl of the
essential oil and placed on the inoculated plates.
Petri plates were placed at 4°C for 2 h. they were
incubated at 37°C for 24 h. The diameter of the
inhibition zones were measured in millimeters.
Control disks with 20 pul DMSO showed no
inhibition zone. All the tests were repeated
triplicate.

3. RESULTS AND DISCUSSION

Essential oil composition of Cardamine uliginosa
was analyzed by GC-MS revealed twenty four
components representing 91.2% of the total oil
were identified. All identified compounds
percentages were given in Table 1. The major
compounds were sesquiterpenes comprising up
to 46.5%; and monoterpenes with 44.7% of the
total oil composition (Table 1). Sesquiterpenes
are the first main class and among these
caryophyllene oxide (28.5%), B-caryophyllene

(8.4%), followed by small percentages a-
copaene (2.1%), a-longipinene (1.3%), &
cadinene (1.2%) and others (Table 1).

Monoterpenes are the second main class and
among these limonene (32.6%), p-cymene
(3.4%), o-terpinolene (3.3%), B-pinene (2.4%)
followed by ao-terpineol, a-pinene and others
(Table 1). Among the monoterpenes, limonene
was found to be the major constituent of studied
sample. Among the detected compounds,
caryophyllene oxide and [-caryophyllene
(sesqiterpenes) were the main compounds of
studied sample (Table 1). Based on presented
results it can be concluded that limonene is the
most abundant component (32.6%), followed by
caryophyllene oxide (28.5%), B-caryophyllene
(8.4%), p-cymene (3.4%), a-terpinolene (3.3%),
B-pinene  (2.4%), o-copaene (2.1%), o-
longipinene (1.3%), o-cadinene (1.2%), pB-
ocimene (1.0%) (Table 1). Essential oil of
Cardamine uliginosa on growth of seven Gram-
positive bacteria and nine Gram negative
bacteria have been investigated. The results
obtained in our study of antibacterial activity of
the essential oils of Cardamine uliginosa are
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shown on Table 2. To the best of our knowledge
this is the first study reporting the antibacterial
activity of Cardamine uliginosa essential oils. The
essential oils have effect on fourteen bacterial
strains, All of Gram-positive bacteria strains have
affect of Cardamine uliginosa essential oils, while
two Gram negative bacteria strains have not
shown the response to the essential oil action
(Table 2). Cardamine uliginosa essential oils
have shown good inhibitory effect with the zone
of inhibition in diameter of 2 mm (for
Pseudomonas aeruginosa DSM 50070) up to 11
mm (for Bacillus subtilis IM 622), with the
exception of Salmonella enterica ATCC 1331
and Salmonella typhimurium NRRLE 4413 where
the oils haven't shown antibacterial activity. Also
weak inhibitory effect were observed against
Enterobacter aerogenes CCM 2531, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa
DSM 50070 and Proteus vulgaris (Table 2).

In the literature, essential oil composition and
antibacterial activity of essential oil C. uliginosa
data is very lack and insufficient. With this study
essential oil composition and antibacterial activity
of Cardamine uliginosa essential oil will be

Table 1. Essential oil composition of

enlarged. In this study limonene (32.6%) and
caryophyllene oxide (28.5%) were found to be
the main constituents of C. uliginosa (Table 1).
According to studied results in the field of
identifying the chemical composition in different
species essential oil Cardamine genus, probably
limonene, caryophyllene oxide and -
caryophyllene can introduced as the indicate
components of this genus [16]. These findings
supported the present study that limonene and
caryophyllene are the most abundant compound
in C. uliginosa essential oils.

The seeds
sources of

of Cardamine angulata are rich
fatty acids [17]. The chemical
consituents of Cardamine include alkaloids,
flavonoids, essential oils, phenolic acids,
terpenes, steroids, fatty acids, fatty acid methyl
esters, triglycerides, amino acids, some other
seconder metabolites, and elements [17]. C.
angulata showed good antioxidant, antimicrobial
and other biological activities [16]. The MeOH
root extract of Cardamine angulata exhibited
slight antibacterial activity (8.0-10.0 mm inhibition
zone using a disc diffusion assay) against
Mycobacterium phlei and methicillin-

Cardamine uliginosa

Compounds *RRI % Percentage
1 o-pinene 935 0.6
2 3-methyl-nonane 965 0.4
3 B-pinene 972 2.4
4 Myrcene 988 0.1
5 p-cymene 1020 3.4
6 Limonene 1030 32.6
7 B-ocimene 1042 1.0
8 a-terpinolene 1085 3.3
9 a-terpineol 1190 0.9
10 a-longipinene 1345 1.3
11 B-elemene 1385 0.6
12 a-copaene 1370 2.1
13 Dodecanal 1405 0.5
14 B-caryophyllene 1412 8.4
15 y-elemene 1432 0.8
16 a-humulene 1448 0.2
17 B-farnesene 1453 0.3
18 a-selinene 1495 0.6
19 B-sesquiphellandrene 1520 0.9
20 d-cadinene 1523 1.2
21 Caryophyllene oxide 1595 28.5
22 a-cadinol 1651 0.6
23 Bisabolol 1682 0.3
24 Ericosane 1698 0.2
Total 91.2

*RRI: Relative Retention Index
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Table 2. Growth inhibition zones (mm) for ~ Cardamine uliginosa essential oils

Bacteria Gram Inhibition zone diameter (mm)
Bacillus subtilis ATCC 6337 Positive 7
Brevibacillus brevis Positive 9
Bacillus megaterium DSM 32 Positive 10
Bacillus subtilis IM 622 Positive 11
Bacillus cereus EMC 19 Positive 10
Staphylococcus aureus 6538 P Positive 9
Listeria monocytogenes NCTC 5348 Positive 8
Salmonella typhimurium NRRLE 4413 Negative -
Pseudomonas fluorescens Negative 6
Enterobacter aerogenes CCM 2531 Negative 3
Klebsiella pneumoniae EMCS Negative 4
Escherichia coli ATCC 25922 Negative 3
Proteus vulgaris FMC Il Negative 5
Pseudomonas aeruginosa DSM 50070 Negative 2
Proteus vulgaris Negative 3
Salmonella enterica ATCC 13311 Negative -
DMSO Control 0

resistant Staphylococcus aureus [17]. The MeOH
root extract of C. angulata displayed a slight
inhibition zone 8.0-10.0 mm, using a disc
diffusion assay) against the yeast
Saccharomyces cerevisiae [18]. These results
agreement with the present sutudy. The
Cardamine uliginosa essential oils used in this
study have affects all of tested bacterial strains.
However, mantioned studies and the present
study have got same differences related with
inhibiton ~ zone  diameter and chemical
consituents. The reason for these differences are
mostly used different species and different
bacteria strains.

Various taxa of the Cardamine genus have
antibacterial, antifungal, antimicrobial, antiviral,
antioxidant, tyrosinase, nitrate  reductase,
phenylalanine ammonia lyase, peroxidase, and
chitinase activities [16-18]. In addition, some
Cardamine species have positive effects on
diabetes and insects interact [19]. In the literature
there are limited research about Cardamine
species that have received little or no attention.
Therefore, future  chemical, antimicrobial,
pharmacological, essential oil and toxicological
studies on Cardamine taxa are of great
importance; to huge potential of these species for
medical applications could emerge. Essential oils
are fairly complex mixtures. They generally show
selective toxicity towards various pathogens and
are relatively safe both to animals and humans.
In complex mixtures, synergism of individual
components is also expected so that
microorganisms hardly can develop resistance
towards essential oils. A large number of in vitro
studies have shown a high antimicrobial power of

essential oils [20-29]. Substantial number of
previous studies has shown that resistance of
gram negative bacteria is common and caused
by a combination of factors, such as different
cellular organization and poor permeability of the
cell membrane, which acts as a barrier for
antibacterial agents [30-31].

C. uliginosa essential oils evaluated in this study
showed varying inhibitory activity on same tested
microorganisms. It is worthwhile also to test other
fractions for their antimicrobial activity potential.
The C. uliginosa essential oils showed
antibacterial activity, especially against Gram
positive bacteria. Gram negative bacteria were
found to be resistant to the Cardamine uliginosa
essential oils. This study results being in line with
specialty literature [32]. The antibacterial
properties of the essential oils and their
components have been studied in the past, the
mechanism of their action has never been
studied in detail [33]. Taking into account the
large number of the different groups of chemical
compounds present in the composition of the
essential oils, it is very possible that their
antibacterial activity can not be assigned to a
sole mechanism, but to the existence of a large
number of target locations in the cell. Not all
these mechanisms represent separate targets;
some are consequences of other target
mechanisms [33,34]. The chemical structure of
the individual compounds of essential oils affects
in their specific ways the antibacterial action. It is
therefore concluded that the studied plant
species are the potential sources of essential
nutrients along with significant phytomedicinal
values. However, further researchs about
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Cardamine species are required to isolate the
individual constituents responsible for the
antioxidant, antimicrobial and biological activities
and find their applications in food and
pharmaceutical industries [35].

4. CONCLUSIONS

In this study qualitative and quantitative
differences were found studied Cardamine
species in view of compounds depending on
genetic, environmental factors, ontogeny,
season, plant part analyzed and analytical
methods. The findings showed that the genus
Cardamine had a considerable variation in

essential oil composition and this study
demonstrates  the  occurrence  of  the
limonene/caryophyllene oxide and -

caryophyllene chemotype in the eastern
Anatolian region of Turkey. Moreover significant
results were obtained about essential oil and
antibacterial evaluation of the Cardamine taxa.
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