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Abstract

Objective: The main objectives of this study are
determineted essential oil yield and compositions of
lemon verbena, cultivated for the first time, in Black
Sea Reagion.

Materials and Methods:

The plant material is obtanied from Atatiirk
Horticultural Central Research Institute, Yalova and
cultivated in Ordu. The essential oil components are
determined GC-MS system.

Results: Fourteen compounds were identified,
representing 85.2% of the total essential oil. The
59.9 % of total essential oil components are consist
of geranial, limonene, neral and 1,8-cineol.

Conclusion: Lemon verbena is suitable and
sustainable for agriculture due to the ecological
conditions Eastern Black Sea region.

Keywords: Lemon verbena, Lippia citriodora Kunth.,
geranial, essential oil

Ordu ekolojik kosullarinda yetistirilen Lemon
Verbena (Lippia citriodora Kunth.)’nin ugucu yag
verimi ve bilesenleri

0z
Amag: Bu c¢alismanin amaci, Karadeniz Bolgesi'nde

ilk kez yetistirilen limon otu yapraklarinin ugucu yag
verimi ve bilesenlerinin belirlenmesidir.

Materyal ve Yontem: Bitki materyali Yalova Atatiirk
Bahge Kiiltlirleri Merkez Arastirma Enstitlisii'nden
temin edilmistir ve Ordu ilinde yetistirilmistir. Ugucu
yag bilesenleri GC-MS sistemi ile belirlenmistir.

Arastirma Bulgular:: Toplam ugucu yagin
%85.2'sini  temsil eden on dort bilesik
tanimlanmistir. Toplam ugucu yag bilesenlerinin
%159.9'u geranial, limonen, neral ve 1,8-sineolden
olusmustur.

Sonug¢: Limon otu Dogu Karadeniz Bolgesi'nin
ekolojik kosullar1 nedeniyle tarima uygun ve
siirdiiriilebilirdir.

Anahtar Kelimeler: Limon otu, Lippia citriodora
Kunth., geranial, ugucu yag
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Introduction

Lippia citriodara Kunth. [syn. Lippia triphylla (L'Her.)
Kuntze; syn. Aloysia triphylla (L'Her.) Britton],
belong to the family Verbenaceae, is commonly
known as lemon verbena, tree lemon balm and
lemon scented lemon balm. It is named “Limon Otu”
in Turkish. Lemon verbena, origin is South America
(Argyropouloua,2007), and it is also grown in West
India and South Africa (Carnat et al,, 1999). Lemon
verbena (Lippia citriodora L.), which is not found in
the natural flora of Turkey but whose culture has
become widespread, is up to 1-3 m height of plant,
perennial, deciduous and it has herbs, shrubs and
small trees structure. The plant blooms in summer
and has numerous small-lilac flowers. The green
leaves of lemon balm are long short-petioled,
lanceolate (Ceylan, 1987; Gruenwald et al., 2004). In
recent years, it has begun to cultivated mild and
moderate climate region, in Turkey (Kan,2017).

In Turkey, The cultivation of this plant become
widespread economically in the Aegean region and
Southeastern Anatolia region. Lemon verbena
cultivated in our country are desired in both
domestic and foreign markets in terms of yield and
quality. As a result, the commercial value of
production of this plant is increasing every day, in
Turkey.

The aroma and fragrance of the lemon verbena
leaves is similar to lemon., and used traditionally as
herbal tea, appetizing, flavoring, relaxing the
stomach, colds, cough and digestion problems. The
parts of lemon verbena used for medical purposes is
dried or fresh leaves and branches (Carnat et
al,1999; Gruenwald et al, 2004; Koroglu et al,
2015;). The infused plant drogs drink 2-3 cups per
day due to appetizing, relaxing and diabetes in
Turkish folk medicine (Baytop, 1999). The available
literature shows that due to the essential oil and
phenolic compounds of lemon verbena are used
mostly for the treatment of gastrointestinal and

respiratory disorders, antimalarial, spasmolitic,
antiviral, sedative, hypotensive and, anti-
inflammatory  activities, cytostatic properties

(Pascuala et al,,2001), insomnia, anxiety (Carnat et
al,, 1999; Gruenwald et al., 2004; Setzer, 2009).

The Lemon verbena leaves have essential oil (about
66,3- 69 % of essential oil components consist of
geranial, neral and limonene (Argyropouloua,2007)).
The plant contain important bio active compounds
such as flavonoids (apygenin, diosmetin and
luteolin-7-0-glucosides and in addition to mono-, di-

and trimethoxyflavones, including eupatorin
(Gruenwald et al.,, 2004), salvigenin, verbascoside,
hispidulin, diocirsiliol, chrysoeriol, cismaritin,

pectolin- arigenin (Skaltsa and Shammas, 1988;
Pascuala et al., 2001) and iridoid (iridoid glycosides
including geniposidic acid)( Gruenwald et al., 2004).

According to literature; essential oil of lemon
verbana contains citral, geranial, neral, nerol,
limonene and linalool (Argyropouloua,2007; Karik
and Azkan, 2011; Kan, 2017) and 1,8-cineole, a-
pinene (Terblanche and Kamelius, 1996; Pascuala et
al,, 2001; Ebadi et al., 2017).

Essential oils have been used in many fields for
different purposes, such as pharmaceutical, food,
cosmetic, perfumery, dyeing, aromatherapy and
phytotherapy, for many years (Yesil and Kara, 2012).
In addition to usage areas, essential oils have an
increasing role in traditional and complementary
health practices. According to scientific studies,
essential oils of the plants have used antimicrobial,
antioxidant, antiinflammatory, carminative,
spasmolytic, antiseptic, sedative (Erdogan, 2012),
antifungal, antiviral, antibakteriyal (Faydaoglu and
Stiriictioglu, 2013, Tirkkan et al, 2017), stimulant,
antibiotic, antianalgesic, disinfectant,
system, coloretic, diuretic (Maksimovic et al., 2005).

immune

As a result of the recently increased interest in
natural herbal agents, it made important to
determine contents of medicinal plants with active
compositions such as lemon verbena. The important
essential oil obtained from lemon verbena leaves are
commonly used phytotherapy and aromatherapy
practices. The main objectives of this study are
determineted essential oil yield and compositions of
lemon verbena, cultivated for the first time, in Black
Sea Reagion (Ordu province) with the different
ecological conditions.

Materials and Methods
Plant materials

In this study, the plant material is obtanied from
Republic Of Turkey Ministry Of Agriculture And
Forestry, Atatiirk Horticultural Central Research
Institute, Yalova and cultivated in Ordu. Ordu
province, is rainly in all months of the year. generally
has a mild climate with mild winters and relatively
cool summers (Anonymous, 2021a). The soil of the
trial area is in clay-loam structure, its pH is close to
neutral, the lime content is low, the amount of
organic matter and total nitrogen content is low, the
amount of available potassium and phosphorus is
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low. This study was carried out to determine
essential oil yield and components of cultivated
lemon verbena. The leaves before blooming of this
plant was harvested in the second year of plant
breeding in May. The harvested leaves were dried at
the shade.

Essential oil isolation and Gas chromatography-
mass spectrometry (GC-MS)

The air-dried leaves of lemon verbena were
subjected to hydrodistillation for 3h using a
Clevenger-type apparatus to produce essential oil.
The hydrodistillation was done 100g/500ml in 3
replications. The obtained essential oil was stored at
-4 0C until analysis. Analysis conditions in which
essential oil components are determined; The GC-MS
analysis was carried out with Agilent 7890 GC-MS
system. The relative percentages of the separated
compounds were calculated from total ion
chromatograms. The identification of the oil
components was based on the Wiley and NIST mass
spectral library. Chromatographic conditions were
“Column; DB-WAX 60 x 0,25 x 0,25, Flow: 1.5 ml /
min He, Inlet Temperature: 250 °C, Split Ratio: 40:1,
Injection Volume: 1 pL, MSD Transfer Line
Temperature: 250 °C, MS Welding Temperature: 230

0C, MS Quadrupol Temperature: 150 °©°C, FID
Temperature: 220 9C, FID Dry Air: 400 ml/minute,
FID Hydrogen: 30 ml/minute” (EP6, 2007).

Result and Discussion

The chemical composition of the essential oil of
lemon verbena cultivated in Ordu province
ecological conditions is summarized in Table 1.
According to the results obtained this study; The
essential oil yield of lemon verbena was determined
as 1.45%. According to the information given in the
Table 1., fourteen compounds were identified,
representing 85.2% of the total essential oil. The
main essential oil component of geranial was 20.8 %.
The other major essential oil components of lemon
verbena were determined as limonene (18.1 %),
neral (13.8 %), 1,8-cineol (7.2%), respectively. The
59,9 % of total essential oil components are consist
of geranial, limonene, neral and 1,8-cineol. The other
detected components of essential oil of lemon
verbena were a-pinen (1.3%), sabinene (3.1%), (E)-
B -ocimene (1.6%), 6-metil-5-hepten-2-on (1.6%), f3 -
karyofillen (3.6%), a - terpineol (2.1%) , germakren
D (3.5 %), a -curcumin (4.2%), karyofillen oksit
(1.6%), spatulenol ( 2.7%).

Table 1. Essential Oil Components of Lemon Verbena (%)

No RRI Compounds %*
1 1032 a-pinen 1.3
2 1132 sabinen 31
3 1203 limonene 18.1
4 1213 1,8-cineol 7.2
5 1266 (E)-B -osimen 1.6
6 1348 6-metil-5-hepten-2-on 1.6
7 1612 B - karyofillen 3.6
8 1694 neral 13.8
9 1706 o -terpineol 2.1
10 1726 germakren D 3.5
11 1740 geranial 20.8
12 1786 o -curcumin 4.2
13 2008 karyofillen oksit 1.6
14 2144 spatulenol 2.7

Total 85.2
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In the researches, the essential oil yields of lemon
verbena varied from 0.16% to 1.93 % in Southern
Serbia (Elechosa et al,, 2017). The conducted other
studies, for different harvest time, lemon verbena
(Lippia citriodora L.) the average essential oil yields
were determineted between 0.88% and 0.92% in
Yalova ecological conditions ( Karik and Azkan,
2011) and the essential oil yield of lemon verbena
was determined 0,2% (Terblanche and Kamelius,
1996) and subjected to yield dried leaf 1,2% (Ozek et
al,, 1996), essential oil yield of dried leaves of lemon
verbena were varied from 0.81% to 1.19% (Rode,
2000). According to different phenological stages,
essential oil yield of L. citriodora determined as
0,25% (fruit set), 0,48% (vegetative) and 90% (full
flowering) (Reza et al,, 2013) and Karik et al. (2019)
reported that according to diurnal variability, the
essential oil yields of lemon verbena leaves was
detected 0.78% and 1.64%. In this study, the
essential oil yield of lemon verbena was determined
as average 1.45% in Ordu ecological conditions.
Essential oil yield obtained from our study was
determined different from other studies datas.
Essential oil yield may be effect from differences
such as geographical location, cultivation conditions,
climatic conditions, harvest time, drying and storage
conditions of plants.

According to a study; The main constituents were
geranial, neral and limonene constituting 69% of the
total essential oil of lemon verbena harvested in May
and increasing to 66.3% in September. In May (the
vegetative stage), the analysis of the main
components found geranial (38.7%), neral (24.5%)
and limonene (5.8%) and In September (flowering
period), the analysis of the main components found,
geranial (26.8%), neral (21.8%) and limonene
(17.7%) (Argyropouloua et al., 2007). The other
study, the main essential oil constituents of Lippia
citriodora were citral-a (37,10%), citral-b (22,34%),
1,8-cineole (15,93%), geranial (10,60%) and the
others were linalool(1,01%), limonene (0,91%), alfa-
pinene (0,52%), respectively (Terblanche and
Kamelis, 1996). In the study of Karik and Azkan
(2011), according to harvest time, the main essential
components of the 1st harvest in 2017 were
limonene (33.7%), geranial (17.6%) and neral
(12.3%), while the main essential components of the
2st harvest in 2017 were geranial (%32.4),
neral(%18.1) and limonene(%17.8). When the main
essential components of the 1st and 2st harvest in
2018 were examined, the main essential components

of 1st harvest were limonene (5.2%), geranial
(6.2%), neral (12.5%) and 2st harvest were geranial
(33.6 %), neral (19.7 %), limonene (16.3 %).
According to datas obtained from in our study, the
main essential oil components of geranial was 20.8
%, limonene was 18.1%, neral was 13.8 % and 1,8-
cineol was 7.2%. This components are consist of 59.9
% of the total components. The reasons for the
resulting differences of essential oil components can
be harvest time, development stage of plant, growing
conditions, climatic conditions and drying and
storage conditions of the plant.

According to our results, Lemon verbena cultivated
in Ordu in order to both the yield of essential oil and
the amount of the important essential oil contents.
Many factors such as geographical distribution,
climatic conditions, drying methods, distillation
method and time, harvest time and period, applied
plant growth regulators affect the essential oil yield
and components(Sefidkon et al., 2006; Kara and
Baydar, 2013; Yildirim et al. 2019). The differences
of essential oil yield and components may vary
according to geographical location, harvest time,
drying and storage conditions, variety of ecological
and climatic factors, soil structure, total
temperature, growing conditions. distillation method
and time, harvest time and period.

Conclusion

As results of this study were determineted to be
important essential oil yield and compositions of
lemon verbena leaves and in the Eastern Black Sea
Region, the cultivation of this plant, valuable in
terms of essential oil, will provide an important
source of herbal raw materials. When this study
compared to the literature, this study has been found
to give parallel results both in terms of essential oil
yield and compositions. It can be said that lemon
verbena is suitable and sustainable for agriculture
due to the ecological conditions Eastern Black Sea
region.
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