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Abstract. The aim of the present study was to determine the chemical composition of the essential oil
and the evaluation of the antimicrobial activity of ethanolic extract from T. corymbosum plants from the
Republic of Moldova. Hydrodistillation and Soxhlet extraction have been used to obtain volatile oil
samples and extracts from plants, respectively. The components of volatile oil were identified by
GC-MS analyses. The antibacterial activity of the extracts was assessed by the successive double
dilution method. The GC-MS analysis revealed the presence of 38 compounds, including terpenes -
germacrene D (33.3% and 47.5%), (Z)-p-farnesene (8.6% and 16.1%), »-elemene (3.1% and 5.2%),
p-caryophyllene (4.2% and 6.5%), aliphatic - palmitic (2.2% and 7.1%) and linoleic (0.2% and 1.0%)
fatty acids, fatty alcohol n-octadecanol (0.6% and 9.7%), higher alkane n-heneicosane (1.0% and 6.9%)
as the major constituents. The in vitro assessments of hydroacoholic extract against five bacterial strains
and two fungal species showed its promising antibacterial/antifungal activities at 0.03% and 0.015%,
respectively. According to the obtained data, the T. corymbosum species that grows in Moldova
belongs to the germacrene D chemotype. This species holds great potential to be used as an herbal

antibacterial agent.
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Introduction

The genus Tanacetum L. belongs to
Asteraceae family, one of the largest families of
dicotyledonous plants [1]. According to different
authors, the genus Tanacetum comprises
about 150-200 species distributed in the
Northern Hemisphere (Europe, temperate Asia,
North Africa, and America) [2,3]. Unlike
other Tanacetum species, Corymbflower tansy
(Tanacetum  corymbosum (L.) Sch. Bip.
(syn.:  Pyrethrum corymbosum (L.) Scop.,
Chrysanthemum corymbosum L.,) was less
studied. In the flora of the Republic of Moldova,
Tanacetum L. species are represented by
4 species, including Tanacetum corymbosum (L.)
Sch. Bip. [4]. Extracts from plants with various
therapeutic purposes, are known and used since
antiquity. The species of the genus Tanacetum are
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also part of this series and have been used in folk
medicine since ancient times for the treatment of
respiratory, digestive, skin, allergic, excretory and
reproductive  systems, central nervous and
locomotor systems disorders [5-9]. Due to the
mentioned above properties, the Tanacetum
species are also used as cosmetics, insecticides,
balsams, dyes, food preservatives, flavouring
agents, and herbal remedies [10,11].

In the last decades, a large number of
chemical components of Tanacetum species have
been extracted and identified, such as terpenes
and terpenoids, which are the main constituents of
the essential oils and extracts, as well as
polyphenols, especially flavonoids, phytosterols,
phenolic acids, sesquiterpene lactones, Dbitter
substances, pyrethrins, coumarins and tannic acid
[9,11,12-18]. The complex chemical composition
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of Tanacetum L. species produces a wide range of
biological activities, such as antifeedant [19],
antioxidant [20-22], immunomodulatory [23],
cytotoxic [21,22], anti-inflammatory [21,24],
insecticide, antimicrobial [6,22,25] and
antibacterial [26], etc. Moreover, in the case of
Tanacetum corymbosum (T. corymbosum), the
whole herba or parts of it were reported as
remedies for digestive disorders, particularly
gastritis, as antiprotozoal, antibacterial and
antioxidant remedies [27]. Also, the antimicrobial
activity of its essential oils, anticoagulant and
anti-fibrinolytic  activities of the aqueous
and chloroform extracts were reported [11].
Thus, scientific literature offers very limited
information on the chemical composition of
Tanacetum corymbosum essential oil. Compared
to the chemical composition of other species of
the genus Tanacetum, that of the species
T. corymbosum reported in this paper is quite
different.

The goal of the study was to evaluate the
chemical composition of the essential oil from
fresh and dried T. corymbosum, using GC-MS
analysis and the in vitro antibacterial and
antifungal activity of its ethanolic extract for
further exploration of potential pharmaceutical
applications of this species.

Experimental
Materials

All the solvents and reagents were of
analytical grade. Anhydrous sodium sulphate,
96% ethanol and diethyl ether were obtained from
Merck (Darmstadt, Germany). Deionized water
produced by a Milli-Q Millipore system (Bedford,
U.S.A.) was used to prepare aqueous solutions.

The plant material (T. corymbosum - aerial
parts with inflorescences) was harvested in June
2018 in the Collection of Medicinal Plants of the
National Botanical Garden (Institute), (Republic
of Moldova) geographically located at N 46°58’
25.43", E 28°52" 47.16". The aerial parts (872 g)
of Corymbflower tansy plants were dried at room
temperature (20-23°C) in shadow. The identity of
the species was established by Dr. Nina Ciocarlan
(Department of Vegetal Resources) and Dr.
Tatiana lzverscaia (Department of Spontaneous
Flora and Herbarium). The voucher specimen
(voucher No. 237243/2018) has been deposited in
the Herbarium of the National Botanical Garden
(Institute), Chisinau, the Republic of Moldova.
Methods
Extraction procedure of essential oil

The essential oil has been extracted from
the fresh (sample A, 421 g) and air-dried (sample
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B, 111 g) plant material using an all-glass
Neo-Clevenger-type apparatus. The samples
(fresh and dried) were hydro-distilled separately
for 3 h and then the distillates were supplementary
extracted with diethyl ether. After phase
separation, the etheric extracts were dried over
anhydrous sodium sulphate and then used for
chromatographic measurements.

Soxhlet extraction

The crushed dried plants (10 g) were
extracted in a Soxhlet-type extractor with ethanol
for 4 h. The hydroalcoholic extract was further
filtered and distilled under reduced pressure up to
dry. The crude extract (1.61 g, 16.1%) was used
for the preparation of solutions for the
antimicrobial studies.

GC-MS analysis

The GC-MS analysis was performed using
an  Agilent  Technologies  7890A  gas
chromatograph coupled with a 5975C Mass
Selective Detector (MSD) equipped with a split-
splitless injector (1 pL). The analysis was carried
out on a fused silica capillary HP-5MS calibrated
column (30 m x 0.25 mm i.d.; film thickness
0.25 pum). The injector and detector temperatures
were kept at 250°C. Helium was used as
carrier gas at a flow rate of 1.1 mL/min;
oven temperature program was 70°C/2min, which
was then programmed to 200°C at the rate of
5°C/min, and finally to 300°C at the rate of
20°C/min; the split ratio was 1:50. The MSD
ionization energy of 70 eV, scan time 1 s,
acquisition mass range was from 30 to 450 amu,
solvent delay 3 min.

Antimicrobial activity evaluation

The antimicrobial activity assessment of
the ethanolic extract from the dried
T. corymbosum plants was performed on the
following microorganisms: non-pathogenic Gram-
positive and Gram-negative strains of Bacillus
subtilis NCNM-BB-01 (ATCC 33608) and
Pseudomonas  fluorescens NCNM-PFB-01
(ATCC 25323), respectively, phytopathogenic
strains of Xanthomonas campestris NCNM BX-
01 (ATCC 53196), Erwinia amylovora NCNM
BE-01 (ATCC 29780), E. carotovora NCNM
BE-03 (ATCC 15713) and fungus strains of
Candida utilis NCNM Y-22 (ATCC 44638)
and Saccharomyces cerevisiae NCNM Y-20
(ATCC 4117).

The successive double dilution method was
used for testing. According to this method after
the first day of testing is determined the minimal
inhibitory concentration (MIC) of the preparation.
For the estimation of the minimum bactericidal
concentration (MBC) and minimum fungicidal
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concentration (MFC), the contents of the test
tubes with MIC and with higher concentrations
were seeded on peptone and Sabouraud agar from
Petri dishes. The concentration of preparation,
which does not allow the growth of any colony of
microorganism, was considered to be its minimal
bactericidal and fungicidal concentrations [28].

Results and discussion
Chemical composition of the essential oil
According to the literature data, the
chemical composition of the volatile part isolated
from Tanacetum species is highly variable not
only at the species level but also at the subspecies
level. This chemical variation is also influenced
by its geographical origin. For this reason, the
species chemotype is identified according to the
main constituent of the essential oil. In this
regard, authors reported germacrene and
spathulenol as major components of essential
oil of T. zahlbruckneri [29], 1,8-cineol,
caryophyllene oxide, hexadecanoic acid, decanoic
acid, spathulenol and linalool oxide acetate for
T. tabrisianum [29], a-thujone, camphor, borneol,
1,8-cineole and p-thujone for T. polycephalum
[30], a series of unsaturated aldehydes and fatty
acids for T. chiliophyllum [7], bornyl acetate,
pinocarvone, camphor and terpinolene for
T. balsamita [31], camphor, 1,8-cineol, a- and
p-thujone, borneol, camphene, p-cimene for
T. vulgare [32,33], a- and p-thujone for
T. messicytus [34]; borneol and 1,8-cineol for
T. praeteritum [34] and caryophyllene oxide and
a-thujone for T. argyrophyllum [35].

Only several compounds from the list
shown in Table 1 are reported as major
constituents of essential oil obtained from T.
vulgare, T. polycephalum [11], T. argenteum [36],
T. zahlbruckneri and T. tabrisianum [29], such as:
camphene, p-caryophillene, caryophillene oxide,
& and j-cadinene, germacrene D, spathulenol,
a-cadinol, heptacosane, n-hexadecanoic acid and
n-octadecanol. It was identified only one research
article regarding the chemical composition of the
volatile oil from T. corymbosum [37]. In this
source it is mentioned that the main constituents
of T. corymbosum essential oil are sesquiterpene
hydrocarbons a-cadinene (50.9%) and S-cadinene
(15.1%), from a total of 41 detected compounds,
of which 33 were identified as mono- and
sesquiterpenoids [37].

The chemical composition of
T. corymbosum L. oil (samples A and B) and the
retention time of the identified component and
their contents are shown in Table 1. A total of
38 (sample A) and 22 (sample B) constituents,
representing 99.5% and 95.6%, respectively,
were detected. The essential oil of T. corymbosum
of Moldavian origin contains two isomeric
o-cadinene (0.6%, sample A) and p-cadinene
in both samples (2.0% and 1.5%), but generally,
its chemical composition is quite different from
the one reported above for Tanacetum spp. and
includes many unreported compounds.

The GC-MS analysis of T. corymbosum oil
resulted in identification of 38 components (see
Figure 1 and Table 1).
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Figure 1. Chromatographic profile of T. corymbosum essential oil.
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Chemical composition (%) of T. corymbosum essential oil.

Table 1

Sample”, content (%)

No. RT™ (min) Component A 5
1 4.70 Camphene 0.2 -
2 6.78 (2)-p-Ocimene 0.9 -
3 8.17 Nonanal 0.7 -
4 15.31 Copaene 0.3 -
5 15.71 p-Elemene 1.0 0.9
6 16.43 S-Caryophyllene 4.2 6.5
7 16.66 epi-Bicyclosesquiphellandrene 0.3 -

8 17.31 (2)-p-Farnesene 8.6 16.1
9 17.61 (42)-4-(2,2-Dimethyl-6-methylenecyclohexylidene)-3- 0.8 -

methylbutan-2-one

10 18.06 Germacrene D 475 33.3
11 18.34 »Elemene 5.2 3.1
12 18.53 o-Farnesene 1.6 1.2
13 18.66 9-Cedranone 0.4 0.6
14 18.73 (+)-6-Cadinene 0.6 -
15 18.94 S-Cadinene 2.0 15
16 20.25 Spathulenol 0.5 0.7
17 20.38 Cariophyllene oxide 0.5 3.3
18 20.58 7Gurjunene 0.5 -
19 21.19 Humulane-1,6-dien-3-ol 0.4 -
20 21.38 Cubenol 0.3 -
21 21.69 (E)-Muurolol 1.6 0.9
22 21.78 o6-Cadinol 0.4 -
23 21.98 a-Cadinol 1.7 1.3
24 23.18 n-Tetradecanal 0.8 0.8
25 25.91 Hexahydrofarnesyl acetone (phytone) 0.5 1.6
26 28.34 n-Hexadecanoic acid (palmitic) 2.2 7.1
27 29.07 n-Octadecanal 0.2 -
28 29.80 n-Octadecanol 9.7 0.6
29 30.08 (E)-Phytol 1.4 2.0
30 30.28 1,7-Octadecynoic acid 0.2 -
31 30.34 12-Methyl-(E,E)-2,13-octadecadien-1-ol 0.4 -
32 30.44 (Z,2)-9,12-octadecadienoic acid (linoleic) 0.2 1.0
33 30.91 (2)-Lanceol 0.1 0.7
34 31.38 n-Docosanol (behenic alcohol) 1.2 -
35 31.62 Eicosanoic acid methyl ester (methyl arachidate) 0.6 -
36 3251 n-Heneicosane 1.0 6.9
37 33.41 n-Heptacosane 0.4 2.9
38 34.39 n-Octacosane 0.4 2.6
Class Subclass SaAmpIe, content (%) B

Terpenic compounds 80.2 72.1
Monoterpenes 1.1 -
Monoterpene hydrocarbons 1.1 -
Oxygenated monoterpenes - -

Sesquiterpenes 7.7 70.1

Sesquiterpene hydrocarbons 71.8 62.6

Oxygenated sesquiterpenes 5.9 7.5

Diterpenes 1.4 2.0

Oxygenated diterpenes 1.4 2.0

Aliphatic compounds 19.3 235

Hydrocarbons 1.8 12.4

Alcohols 11.3 0.6

Aldehydes, ketones 3.0 2.4

Acids 2.6 8.1
Esters 0.6 -

Total 99.5 95.6
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"RT - retention time;

“Samples of essential oil extracted from fresh (A) and dry (B) plant material.
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According to the data shown in Table 1, the
chemical composition of the essential oil from
fresh and dry plant material of T. corymbosum
growing in Moldova is quite varied and consists
mainly of compounds belonging to different
classes of terpenic and aliphatic compounds.

The sesquiterpene hydrocarbons are the
main compounds in the composition of the
essential oil from T. corymbosum growing in
Moldova. Their content does not differ too much
and constitutes 71.8% for sample A and 62.6% for
sample B, which confirms that during drying,
some of the sesquiterpene hydrocarbons are lost,
e.g. copaene, epi-bicyclosesquiphellandrene,
o-cadinene and y-gurjunene. The results obtained
show that the species T. corymbosum growing in
Republic of Moldova belongs to germacrene D
chemotype, this being its dominant constituent,
47.5% and 33.3%, respectively, followed by
(2)-p-farnesene (8.6% and 16.1%), jelemene
(5.2% and 3.1%) p-caryophyllene (4.2% and
6.5%), and S-cadinene (2.0% and 1.5%).

Oxygenated sesquiterpenes make up the
following group of terpene constituents with a
content of 5.9% (sample A) and 7.5% (sample B),
respectively. These are represented mostly by
alcohols, such as: a-cadinol (1.7% and 1.3%),
(E)-muurolol (1.6% and 0.9%) and spathulenol
(0.5% and 0.7%) identified in both samples, while
humulane-1,6-dien-3-ol (0.4%), cubenol (0.3%)
and o-cadinol (0.4%) were identified only in
sample A. This could be explained by the
chemical  transformation  (e.g.  oxidation,
isomerization or others) of some minor
compounds during drying. There were also found
oxygenated derivatives such as caryophyllene
oxide (0.5% and 3.3%), and ketone 9-cedrone
(0.4% and 0.6%). It should be noted that the
monoterpene fraction was identified only in fresh
oil and is represented by camphene (0.2%) and
(2)-p-ocimene (0.9%). This confirms the above
hypothesis on the changes that the raw material
undergoes during the drying process. It is
noteworthy that oxygenated diterpene (E)-phytol
(1.4% and 2.0%) were present in a higher amount
than  monoterpenes.  Aliphatic  compounds
represent the second group of compounds in the
composition of oil (19.3% and 23.5%,
respectively). Higher alkanes are represented by
heinecosane (1.0% and 6.9%), heptacosane (0.4%
and 2.9%) and octacosane (0.4% and 2.6%) and
their content is quite high especially in sample B
(12.4%). Higher alcohols are highlighted
more strongly in sample A (11.3%), and are
represented by octadecan-1-ol (9.7% and 0.6%),

12-methyl-(E,E)-2,13-octadecadien-1-ol  (0.4%,
sample A) and docosanol-1 (1.2%, sample A).

Carbonyl compounds have a low content,
as follow, in sample A: nonanal (0.7%), (42)-4-
(2,2-dimethyl-6-methylenecyclohexylidene)-3-
methylbutan-2-one (0.8%), octadecanal (0.2%)
and tetradecanal (in both 0.8%). These visible
variations of alcohols and carbonyl compounds
contents in samples A and B are probably due to
the oxidation processes which occur during drying
and storage of vegetal material.

The saturated and unsaturated fatty acids
and their esters are represented by n-hexadecanoic
acid (2.2% and 7.1%), linoleic acid (0.2% and
1.0%), 1,7-octadecynoic acid (0.2% in A) and
eicosanoic acid methyl ester (0.6% in A). The
previous remark regarding the content is also
valid for carboxylic constituents of samples A and
B, their content increases due to the oxidation of
lower classes of constituents; as to the ester,
hydrolysis has possibly occurred.

Antimicrobial activity of the extract

The moderate antimicrobial activity against
Gramm-positive bacteria (MIC 3.12 mg/mL),
moderate antioxidant activity on both, DPPH
radical-scavenging and reducing power methods at
ECs of 344+2.6 pg/mL and 116.80+0.94 pg/mL
and high cytotoxic activity against the human HelLa
cervical cancer cell line (93.71%, at 200 png/mL) and
normal African green monkey kidney (Vero)
epithelial cell line (96.98%, at 200 pg/mL) of the
methanolic extract obtained from T. corymbosum
plants have been reported [22]. The neutron
activation analysis (NAA) of T. corymbosum plant
material showed the presence of four macroelements
and 17 microelements [38].

Phytopathogenic bacteria can cause various
diseases (bacteriosis) affecting agricultural plants,
for example: bacterial fire blight disease, soft rot
of economically important crops such as potatoes,
tomatoes and cucumbers, bacterial bleaching of
tomatoes (Solanum lycopersicum L.) and pepper
(Capsicum annuum). For this reason, the
identification of natural compounds with
antibacterial properties remains a problem of
current importance.

The in vitro assessment of ethanolic
extract from dried T. corymbosum plants (Table 2)
of Moldavian origin have shown high
antibacterial activity against both non-pathogenic
Gram-positive/Gram-negative (Bacillus subtilis
and Pseudomonas fluorescens) and
phytopathogenic ~ (Xanthomonas  campestris,
Erwinia amylovora, E. carotovora) bacteria in the
range of concentrations of 0.03-0.06%.
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Table 2
The antimicrobial activity of the ethanolic extract from dried T. corymbosum plants.
Tested microorganisms Double successive dilutions (MBC, MFC, %)
025 012 0.06 0.03 0.015 0.007 0.0035 0.0017

Bacillus subtilis - - - - + + + +
CNMN BB-01 (4.8 x 108 CFU/mL)
Pseudomonas fluorescens - - - + + + + +
CNMN-PFB-01(4.8 x 10° CFU/mL)
Xanthomonas campestris - - - - + + + +
(4.8 x 10® CFU/mL)
Erwinia amylovora - - - + + + + +
(4.8 x 10® CFU/mL)
Erwinia carotovora - - - - + + + +
(4.8 x 10® CFU/mL)
Candida utilis - - - - - + + +
(3.0 x 10" CFU/mL)
Saccharomyces cerevisiae - - - - + + + +
(3.0 x 10" CFU/mL)

MBC - minimum bactericidal concentration;

MFC - minimum fungicidal concentration.

Its antifungal properties against Candida less studied species of medicinal plants in

utilis and Saccharomyces cerevisiae strains lie in
the range of concentrations of 0.015-0.03%
(Table 2).

The pronounced antimicrobial activity of
the extract can be explained by the significant
content of flavonoids and especially of
sesquiterpene lactones. It is well known that this
class of terpenoids is characterized by a high
antimicrobial  activity [42,43]. The main
mechanism of action of the extract includes the
disruption of the cell membrane that causes
leakage of considerable amounts of cellular
constituents, e.g. proteins and sugars. It can also
cause a decrease in cellular weight with
significant changes in the permeability of the
membrane as confirmed by microscopy tests [44].

Conclusions

This is the first study devoted to the
determination of the chemical composition of the
essential oil obtained from fresh and dried
T. corymbosum plants growing in the Republic of
Moldova. The gas-chromatographic analysis
allowed the identification of 38 constituents of
essential oil, most of these being reported for the
first time and obtained data revealed that the
species belongs to germacrene D chemotype,
which is the major constituent (33.3-47.5%).

The in vitro assessment of the hydro-
ethanolic  extract  obtained from  dried
T. corymbosum plants on seven strains of
microorgamisms confirmed its high antibacterial
and antifungal activity in a range of 0.015-0.03%.

The data obtained may be useful both for
researchers and for producers interested in new or
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healthcare and their biological activities.
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