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Abstract

Only the flowers of lavender (Lavandula angustifolia) are utilized for the medical purposes. The aim of the
current study was to compare the chemical composition, concentrations of flavonoids and sesquiterpene acids in
the leafy stems in two varieties of lavender oils the ‘Blue River’ (BR) and the ‘Ellegance Purple’ (EP). Their biological
activity against four pathogenic bacteria Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and
Enterococcus faecalis was study. The main constituents were borneol (13.8-12.4%), and caryophyllene oxide (8.0-
8.7%). Total flavonoids content were similar in both plants, from 341 to 352 mg/100 g. The valerenic acid was from 1.08
to 0.81 mg/100 g in BR and EP, respectively. The acetoxyvalerenic acid was from 45.9 to 14.0 mg/100 g, respectively.
The highest increase of S. aureus bacteria was inhibited by the activity of the essential oils from both varieties. The
less effect of inhibition was noticed for Escherichia coli for both plants.
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Introduction

Essential oils from members of the genus Lavandula with the most
commonly used species being L. angustifolia, L. latifolia, L. stoechas
and L. x intermedia have been used in pharmaceutical, cosmetic and
food industries [1-3]. Major chemical constituents are similar between
various lavenders, some differences do occur in both oil composition
and in the reported therapeutic uses for different species [2]. Only the
flowers of lavender (Lavandula angustifolia) are utilized for the medical
purposes. Previously study with lavender oil from flowers showed
antibacterial and antifungal properties [1,2]. Lavender oil has been
found to be active against many species of bacteria, including those
resistant to antibiotics such as methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococcus (VRE). Moon
et al. [3] showed good antibacterial activity of lavender against a range
of bacteria including Streptococcus pyogenes, Enterobacter aerogenes, S.
aureus, MRSA, Pseudomonas aeruginosa, Citrobacter freundii, Proteus
vulgaris, Escherichia coli, VRE, Shigella sonnei and Propionibacterium acnes.

It was found that sedative of vegetable plant material on the central
nervous system is a result action of a mixture of substances. Essential
oil from lavender flowers, sesquiterpene acids may plays an important
role on the central nervous system [4,5]. Result of study showed that a
calming and sedative effect, reduction of stress and mood improvement
answer can be one of the components of lavender, linalool and
sesquiterpene acids [6]. Clinical studies have shown that the inhalation
added after oral ingestion or infusion of lavender flowers has the positive
effect [6]. Lavender works to stimulate the case of mental heaviness. The
positive impact of lavender essential oil was also observed in the case
of migraines and motion sickness commonly associated with the stress
of travel and associated vertigo neurotic origin shown that lavender has
antidepressant action [4-7].

The composition of the essential oils from different aerial parts of
Lavandula coronopofolia Poiert (syn. Stricta delile L.) (Lamiaceae) were
showed by Aburjai et al. [8]. Also, essential oils from the stems/leaves
(L) and flowers (F) of Lavandula stoechas L. ssp. stoechas growing wild
in Italy were study [9,10].

Lavender oil from flowers due to its high price is often diluted
by cheaper oils, as well as synthetic products, such as linalyl acetate

[1]. This was the reason for undertaking research into the use of the
lavender waste. The aim of this study was to investigate the chemical
composition of the waste material from the production of lavender
essential oil. Attempts have been made to isolate the essential oil,
sesquiterpene acids and flavonoids from the leafy stems of two varieties
of lavender (Lavandula angustifolia) the ‘Blue River’ (BR) and the
‘Ellegance Purple’ (EP) which growing in Poland. We investigated also
the effect of biological activity of oil from vegetable waste against four
pathogenic bacteria Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli and Enterococcus faecalis. We compared the results with
previously data of essential oils from lavender flowers [11].

Materials and Methods
Plant material and isolation of the essential oil

The material was taken from the leafy stems of two varieties of
lavender (Lavandula angustifolia): 'Blue River' (BR) and 'Ellegance
Purple' (EP). Plants derived from experimental cultivation Horticulture
Department West Pomeranian University of Technology in Szczecin
from the set in July 2012. The plant samples were identified at the
Department of Horticulture, Faculty of Environment Management and
Agriculture of West Pomeranian University of Technology in Szczecin
on the basis of voucher specimen from Institute of Natural Fibres and
Medicinal Plants, Poznan, Poland. In order to isolate the essential oil of
lavender leafy stems of two varieties, the amount of 20 g was subjected to
a three hours of hydro distillation in the Deryng's apparatus according
to the European Pharmacopoeia [12-27].
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Gas chromatography-mass spectrometry (GC-MS)

The chemical composition of essential oils was determined by
gas chromatography coupled to mass spectrometry (GC/MS) using
an Agilent apparatus model 6890 with a chromatographic column
HP-5MS of length 30 m, diameter 0.25 mm. Stationary phase film
thickness of 0.25 microns and the carrier gas used was helium. Injector
temperature was 250°C. A gradient of temperature was 60°C for 3 min.,
then an increase of 10°C/min., to 300°C. The qualitative analysis was
performed based on MS spectra by comparing them with the spectra
of the NIST library. The identity of the compounds was confirmed by
retention indices with literature data [28, 29]. Quantitative composition
was determined by assuming that the sum of the individual compounds
is 100%.

Determination of flavonoids and the sesquiterpene acids

For further phytochemical studies were used pharmacopoeia
procedures [10,30]. Total flavonoids content was expressed as mg
quercetin equivalents / 100g dry weight (DW) by spectrophotometer.
In order to determine the flavonoids in lavender leafy stems they were
extracted with acetone with 25% HCI, at the reflux. After cooling, the
extract was filtered and extracted with ethyl acetate, then the extract
obtained was added a 2% solution of aluminum chloride. The resulting
complexes of flavonoids with aluminum are characterized by a yellow
color. After 45 minutes, absorbance measurements were performed at
A=425 nm against the reagent blank solution (without added reagent).

To determine the valerenic and acetoxyvalerenic acids as the
sesquiterpene acids in the leafy stem samples were milled then
extracted with methanol. The resulting extract was analyzed by HPLC
chromatography (Shimadzu chromatograph, SPD-M20A detector,
UV-Vis) and chromatographic analysis were carried out in parallel
with the internal standard (1,8-dihydroksyantrahinon). The analysis
was performed under the following conditions: flow rate 1.5 ml/min,
detection wavelength 220 nm, injection volume 20 ul, mobile phase
A: acetonitrile/phosphoric acid in a ratio 20/80, mobile phase B:
acetonitrile/ phosphoric acid ratio 80/20.

Antibacterial activity

The essential oils from the leafy stem were assayed against four
bacteria, Staphylococcus aureus PCM 2054/ ATCC 25923, Staphylococcus
aureus MRSA, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 9027, Pseudomonas aeruginosa PCR skin and Enterococcus
faecalis. Evaluation of antimicrobial activity in vitro of the essential oil
was performed with the use of the disc - diffusion method. 18 Hour
cultivation of a particular strain of bacteria in liquid medium was
diluted with physiological NaCl solution to a density of 0.5 McFarland.
Obtained in this way, a bacterial suspension was applied evenly over the
entire plate surface to a solid Mueller-Hinton II (Oxoid), using sterile
swab sticks. Paper disks (diameter 6 mm) were soaked in 10 pl of a
particular essential oil (soak time: 1-2 minutes) and were immediately
applied symmetrically on the inoculated plate (7 discs/plate). Plates
were incubated for 24 h at 37°Cx1°C. After this time the zones of
inhibition were measured (diameter in mm). Measurements are made
at nine replications. For the positive control were used two antibiotics:
gentamicin and amoxicillin.

Results and Discussion

The chemical composition and contents of flavonoids and the
sesquiterpene acids

Analysis of the main components of essential oils isolated from
the leafy stem s of two varieties of lavender (L. angustifolia) is given

in Table 1. Table 1 shows the components of the above 1.3 %. In the
oils tested have been identified forty two compounds of which the
main are: borneol (13.8-12.4%), caryophyllene oxide (8.0-8.7%),
epibicyclosesquiphellandrene  (6.8-8.3%), eucalyptol (3.7-6.2%),
linalool (4.9-5.8%), geraniol acetate (4.0-4.1%) and [-pinene (3.5-
3.6%). Most of the compounds identified in the oils are examined
from monoterpenoids group (48.9-49.1%). Monoterpenes were from
10.8% to 14.0% in EP and BR, respectively. Besides monoterpenes,
monoterpenoids also determined sesquiterpenes (11.7-14.5%) and
sesquiterpenoids (8.0-8.7%). Our previously study showed that the
primary components of the essential oil from flowers was linalool
18.6% in BR and 22.4% in EP [11]. Also, borneol, B-pinene and
eucalyptol were not identified in flowers, caryophyllene oxide and
epi-bicyclosesquiphellandrene were present in smaller amounts
[11]. Essential oils content were from 0.45% to 0.60% in BR and EP,
respectively. Research of L. coronopofolia Poiert showed that the oils
yield obtained from flowering tops, leaves, and from the whole aerial
parts were 7.1%, 0.6% and 1.47%, respectively [8]. Study of essential oils
from the stems/leaves (L) and flowers (F) of L.stoechas growing wild in
Italy showed that the major compound was fenchone, 52.6% in L and
66.2% in F, followed by camphor (13.13% versus 27.08%, in L and E
respectively) [9].

The chemical composition of essential oils obtained from the leafy
stems, does not compatible with pharmacopoeia and our previously
study [10,11]. The oil obtained from the leafy stems is characterized
by a content of a-santalene (2.6-2.3%), chemical affecting antibacterial
activity. This compound was at 1.4% in flowers oil only in BR [11]. An
interesting compounds identified in the oils from the leafy stems is
borneol with applications in medicine as an anesthetic Japanese [12]
and as a natural insect repellent.

Compound name miny ™ River Ellsgance Purple
B-Pinene 6.83 975 3.54 3.62
o-Cymene 8.11 1021 1.53 1.21
p-Cymene 8.19 1024 2.94 2.24
Limonene 8.30 1028 2.25 0.83
Eucalyptol 8.36 1031 6.19 3.66
trans Linalol oxide 9.58 1072 1.65 1.90
cis Linalol oxide 10.04 1077 1.48 1.64
Linalool 10.41 1100 4.90 5.76
Pinocarveol 11.55 1140 - 2.31
Camphor 11.68 1144  2.58 2.52
Borneol 12.38 1168 13.84 12.43
p-Cymen-8-ol 12.84 1184 1.83 2.26
Crypton 1294 1187 3.66 -
Myrtenal 13.21 1196 2.23 1.44
Myrtenol 13.24 1197 - 1.43
Eucarvone 13.56 1209 2.02 -
Borneol acetate 14.08 1228 1.05 0.74
Geraniol 14.84 1255 1 0.83 1.28
Lavandulol acetate 15.81 1289 1.37 -
Geraniol acetate 18.28 1383  4.01 4.1
a-Santalene 19.23 1420 2.63 2.35
5-Cadinene 2159 1516  2.00 2.84
Caryophyllene oxide 23.26 1586 7.98 8.68
Epibicyclosesquiphellandrene 24.59 1645 6.82 8.26
TOTAL IDENTIFIED [%] 87.96 84.31

*Retention index on a HP-5 MS column. Constituent identification based on

RI&MS matching [28, 29], and NIST database.
Table 1: The comparison of the constituents of the leafy stems of lavender
(Lavandula angustifolia) varieties.
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Total flavonoids content in two plants is presented in Table 2.
Flavonoids content was similar, from 341 to 352 quercetin equivalents
mg/100 g in EP and BR, respectively. This is significantly higher than
the flavonoids content compared to lavender flowers at 86 mg/100 g, as
a raw pharmacopoeia [10] and our results (Table 2). In lavender leaves
found flavonoids only 30 mg/100 g [13]. Similar results to our study
obtained Kyunga at al. [14], and Bouayed et al. [15]. A literature review
showed that the anxiolytic and sedative effect may also be responsible
flavonoids [16-17].

Based on the data presented in Table 2, it was found that the leafy
stems was valerenic acid at 1.08 mg/100 g in BR, and the least 0.81
mg/100 g in EP. Significant differences between comparable varieties of
lavender in this experiment, was found in the case of acetoxyvalerenic
acid. The leafy stems of BR characterized by content of acetoxyvalerenic
acid at 45.9 were compared to EP at 14.0 mg/100g. This result showed
smaller sesquiterpene acids content in comparing to valerian garden
heliotrope (Valeriana officinalis) [18].

Antibacterial activity

Table 3 shows the zones of inhibition on S. aureus, P. aeruginosa,
Escherchin coli and Enteroccus faecalis bacteria as a result of the
influence of the essential oils from BR and EP varieties. Results showed
the highest increase of S. aureus bacteria was inhibited by the activity
of the essential oils from both varieties. Medium zones of inhibition
were as follows on: S. aureus (reference strain PCM 2054/ATCC 25923)
21.8 mm versus 24.0 mm, through BR and EP, respectively. The zones
of inhibition on S. aureus (MRSA) were as follows on: 25 mm versus 26
mm, through BR and EP, respectively. Less effect noticed for Escherichia

Total flavonoids content

Variety of | Sesgiterpene acids (mg/100 g) (mg/100 g)
lavender . "
VA AA Leafy stems Flowers
Blue River 1.08 45.9 352+ 131 91+34
Ellegance 0.81 14.0 341 £ 127 86 + 32
Purple

*VA - Valerenic acid, **AA - Acetoxyvalerenic acid

Table 2: Assay phytosubstances in the leafy stems and flowers of of lavender
(Lavandula angustifolia) varieties.

Average of zone
inhibition (mm) #SD

Name of bacteria Description Degree
Blue River E1€98NCe o inhibition
Purple
Staphylococeus 1o 95923« 21.8+04 240402 BR +++
aureus EP +++
Staphylococeus  \ipgp 25003 26.0+0.6 e
aureus +++
Pseudomonas  Atccgo27 101402 8.0%0.2 *l-
aeruginosa +-
Pseudomonas g gin e 89:05 NZ *-
aeruginosa -
Escherichia coli ~ ATCC 25922 125403 13.2+0.4 N
Enterococeus 90+02 105:03 -
faecalis +

*The S. aureus strain ATCC 25923 is a strain to control antibiograms,

** MRSA — Methicillin Resistant Staphylococcus aureus is a multi-antibiotic
resistance strain,

*** PCR — Polymerase Chain Reaction ; NZ= No zone inhibition of growth
Relative degree of inhibition of bacterial growth: < 6 mm (-) no zone inhibition of
growth; 7-9 mm (+/-);

10-14 mm (+); 15-18 (++); > 19 mm (+++)

Table 3: Zones of inhibition of bacterial growth by essential oils from the leafy
stems of two lavender (Lavandula angustifolia) varieties and relative degree of
inhibition of bacterial growth.

coli (reference strain ATCC 25922), 12.5 mm BR versus 13.2 mm EP,
respectively. EP or BR had poor or no effect on inhibition other bacteria
tested Enterococcus faecalis (ATCC) and P. aeruginosa (ATCC 9027 and
PCR skin) [30-32].

The differences in their antibacterial activity are due to the difference
in components of particular varieties which may be connected with
their properties and bioactivity. Sokovi¢ et al. proved that the zone of
inhibition on S. aureus bacterium of the oil from flowers L. angustifolia
was stronger than on P. aeruginosa [19]. Serban et al. studied the
activity of lavender oil (L. hybrida), whose primary components were
B-linalool and linalyl acetate [20]. Dorman and Deans studied the
activity of linalool and limonene extracted from lavender oil against
twenty five bacteria [21]. The studies proved the linalool of inhibition
on S. aureus. Chemical compositions and inhibitory effects of essential
oils Spanish lavender (L. stoechas subsp. stoechas L.) on Escherichia
coli O157:H7, Listeria monocytogenes, Salmonella typhimurium, and
S.aureus showed exhibited a very strong antibacterial activity against
the tested bacteria [22]. Similar results obtained for Lavandula stoechas
L. growing wild in Turkey [23], and Tunisia [24]. The antibacterial
activity of oils from L. angustifolia was tested against clinical bacterial
strains of Staphylococcus, Enterococcus, Escherichia and Pseudomonas
genera [25]. They found that lavender oil has been less activity against
clinical strains of Staphylococcus, Enterococcus and Escherichia genus in
compared to thyme oil. The worst results have been observed against
all strains of Pseudomonas aeruginosa [25]. Essential oil extracted from
flower of lavender (L. angustifolia) was tested for their antibacterial
activities against gram-positive and gram-negative bacteria. Both
gram-positive and gram-negative bacteria were found susceptible to
the studied flower essential oil [26]. The other research showed result of
the antimicrobial activity of L. angustifolia essential oil in combination
with 45 other oils to establish possible interactive properties [27].
The in vitro antimicrobial activity of L. angustifolia essential oil in
combination with other aroma-therapeutic oils showed stronger effect
[27]. From the comparison antibacterial activities of essential oils from
the stems/leaves in this study with flowers of L. angustifolia growing in
Poland [11] showed stronger effect in the leafy stems [28-32].

Conclusion

The search for new possibilities of use of natural organic waste
in recent years. The broad spectrum of biological activity of the
essential oil and extracts derived from lavender flowers, leads to the
study of properties and chemical composition of leafy stems. Research
has shown that the leafy stems of lavender can be characterized
by many advantageous biological properties due to its content of
biologically active substances such as essential oils and flavonoids with
antimicrobial properties or sesquiterpene acids for sedative action. We
need additional laboratory and clinical studies proving the effect in
animals and humans.
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