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Abstract: Myrica gale L. leaves were collected from two plantations in
Poland and flowers from one plantation. Essential oil yield and composition
were assessed according to plantation site and leaf development stage.
Main components of essential oils were: 1,8-cineole, a-pinene, limonene,
selina-3(7)-diene, and (E)-nerolidol. It is proven that senescent leaves are
valuable source of essential oil.
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Introduction

Mpyrica gale L., called myrique baumier or sweet gale, is a species of aromatic
shrub in the family Myriaceae. M. gale is found world-wide in the northern
hemisphere. It is widely spread at higher latitudes. In Europe it is distributed in
the east-central Highlands and is often associated with oceanic climates [1]. In
Poland it is the only representative of the Myriaceae family. It occurs naturally
only in the narrow coastal strip of Baltic sea [2]. It is protected by law; however,
it can be successfully cultivated.

M. gale reaches up to 2 m high [3]. It is, for the most part, dioecious, but
within a single population monoecious, and hermaphrodite flowers may also
occur [4]. Plants may change sex from year to year. Its main stems are brown.
Twigs are reddish-brown with scattered, shiny, yellowish glands, becoming dark.
Leaves are oblanceolate or oblong-obovate. Flowers are borne on the bare wood
of the previous year's growth and appear before the leaves, usually in May-June.
Male catkins are unbranched,10 mm long, with red-brown bracts. Female catkins
are slightly smaller (6-7 mm long), but thicker and closely set with green bracts.
Fruit is a dry resinous two-winged drupe [3].

Although M. gale has very limited value in terms of wood production it has
found many applications, for example being used in programs of reclamation and
stabilization of peatlands or possibly to increase forest productivity in wet soils,
because of its potential as a dinitrogen-fixing plant [4]. Moreover, dried leaves
and fruits have been used as a spice in soups and stews and as a flavouring for
beer; roots and bark are used as a source of yellow dye for calfskin and wool;
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catkins and fruits as a source of wax for candles; and leaf and fruit infusions as
an insecticide. It has been also used in traditional medicine as a remedy for
stomach and cardiac disorders. Furthermore, use as an abortifacient has been
reported [3].

Research concerning essential oil composition of M. gale from different
origins revealed considerable differences as was shown previously by Svoboda et
al. in 1998 [3] and is presented according to the more recent research in Table 1.

Table 1. Composition of essential oil of Myrica gale depending on different part
plants and different places (%)

Canada  Japan Finland Scotland France
Compound leaf leaf  leaf* flower leaf* flower leaf fruit
[5] [6] (3] (3] [3] [3] (71 (7]

a-Pinene 22 1.9 174 28.1 322 389 122 226
B-Pinene 0.2 5.0 1.7 1.8 34 3.9 - -
Myrcene 11.3 - - - - - - -
a-Phelandrene 7.1 1.3 - - - - 8.0 1.7
a-Terpinene 0.3 0.6 5.5 6.2 0.4 3.8 - -
p-Cymene 33 - - - - - 2.0 24
Limonene 53 9.8 11.4 53 6.5 34 8.1 -
1,8-Cineole 0.3 7.3 18.7 14.7 3.7 6.0 53 189
(Z)-B-Ocimene 2.1 - 1.9 2.1 26> 26° - -
(E)-B-Ocimene 2.2 - - - - - - -
a-Terpineol - - 4.7 0.2 1.3 1.7 - -
(E)-B-Caryophyllene 8.4 0.4 - - - - - -
o-Humulene 2.9 - - - - - - -
B-Selinene 2.9 - - - - - - -
y-Cadinene - - 8.4 12.8 - - - -
Selina-3,7(11)-diene - - - - - - 0.2 2.7
(E)-Nerolidol 1.1 1.7 1.4 1.1 4.9 0.8 - -
Eudesm-11-en-1-ol 11.5 11.0 - - - - - -
B-Elemenone - 133 2.2 3.0 1.7 43 - -
Germacrene 6.2° 0.4°
Germacrone 4.5 - - - - - 251 142
EO yield - - 0.13 146 0.12 097 038 144

2 leaves collected in September
b isomer not specified

Irregular variation in leaf volatiles composition within a population [8] as well
as during vegetation period were reported [3]. Independently of the plant
part (leaf, flower, fruit) monoterpene hydrocarbons (a-pinene, limonene) and
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1,8-cineole are found in all samples and belong to the main constituents. Leaf
essential oil from wild population of M. gale in Scotland and Finland collected
throughout five month period in eight development stages had the same
monoterpene hydrocarbons (up to 28.1% and 17.4% in Scotland and Finland,
respectively) and 1,8-cineole (up to 23.9% and 18.7%). The main difference
concerned the content of sesquiterpenes; germacrene predominated in Scottish
sample (up to 13.2%) and y-cadinene in Finnish sample (up to 21.0%) [3]. Other
compounds that were identified in pronounced amounts in essential oils from
other sites were P-caryophyllene, 8.4% [9], eudesm-11-en-1-ol, 11.5%, 11.0%
[5, 6], B-elemenone 2.2-13.3%, and germacrone 4.5-25.1%) [7,9,10].

Essential oil of M. gale leaves has presented anticancer activity against human
lung carcinoma A-549 and colonadenocarcinoma DLD-1 cell lines [5], antifungal
activity [11], and repellent effects on midges [3]. Fruit essential oil with
composition similar to leaf oil was proven to have antifungal activity against food
spoilage agents such as Penicillium expansum, Cladosporium cladosporioides,
Aspergillus flavus [7].

In this study composition of leaf and flower essential oil of M. gale cultivated
in two places in Poland was investigated in order to determine influence of time
and place of cultivation on the essential oil quality.

Experimental

Materials

M. gale leaves and male flowers were collected from ecological plantations
Biofarm in Northern Poland (Pomerania) and commercial plantation Future
Gardens Burdzialowska in Silesia, Poland. Leaves were collected in three
development stages: young leaves (July 2014), matured leaves (September 2014),
falling partly yellowish leaves (October 2014). Flowers were collected in June
2014. Materials were dried at room temperature.

Methods

Hpydrodistillation of essential oils
Essential oils from dried leaves (100 g) and flowers (50 g) were isolated by
hydrodistillation in Clevenger-type apparatus for 4 hours.

Isolation of essential oil components

To isolate the compounds of interest, the leaf oil (1.1 g) was subjected to
flash-chromatography (FC) on silica gel 60 (0.040-0.063 mm, Merck) with
pentane and increasing amounts of diethyl ether. The separation was monitored
by TLC and GC-MS. The following fractions were obtained: 1 (283 mg), selina-
3,7(11)-diene (25%), a-pinene-(8%), limonene (8%), p-cymene (5%); 2 (320 mg),
1,8-cineole (17%), germacrone (20%), P-elemenone (15%), o-terpinyl acetate
(7%), benzyl benzoate (5%); 3 (247 mg), (E)-nerolidol (19%), terpinen-4-ol
(8%), selin-7(11)-en-4-o0l (7%); 4 (97 mg), a-terpineol (10%), citronellol (8%).
Fractions were subjected to NMR analysis.
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GC-FID-MS analysis

Constituents of essential oils were analyzed by gas chromatography coupled
with mass spectrometry (GC-FID-MS) using Trace GC Ultra gas chromatograph
with FID and DSQ II mass spectrometer (Thermo Electron Corporation, Italy).
Operating condition: apolar capillary column Rtx-1ms (60 m x 0.25 mm, 0.25 m
film thickness), programmed temperature: 50 (3 min)-300°C, 4°C/min, injector
(SSL) temperature 280°C, detector (FID) temperature 300°C, transfer line
temperature 250°C, carrier gas — helium, flow with constant pressure 200 kPa,
split ratio 1:20. The mass spectrometer parameters: ion source temperature
200°C, ionization energy 70 eV (EI), scan mode: full scan, mass range 33—420.
The percentages of constituents were computed from the GC peak area without
using a correction factor. Identification of components was based on comparison
of their linear retention indices (RIs) and MS spectra stored in computer libraries
NIST 98.1, Wiley 275.1 and MassFinder 4.1. Retention indices were determined
with reference to a series of n-alkanes C8-C26.

NMR analysis

The 'H-NMR spectra were recorded on a Bruker Avance II 400
spectrophotometer at 400 MHz, using CDCl; as solvent and TMS as internal
standard. Identification was based on comparison of spectra with literature data
or a homemade NMR data base.

Results and Discussion

Both leaves and flowers of M. gale yield pale green essential oil with fresh,
green, herbal smell. The oil yield and composition were presented in Table 2.
Flower oil yield (1.23%) was significantly higher than leaf oil (0.13-0.33%). The
results were similar to previously reported (Table 1). Both yield and composition
of leaf oil were more dependent on the cultivation place than on the stage of
development. Main constituents of all investigated leaf and flower essential oils
were monoterpenes: 1,8-cineole, a-pinene and limonene as well as sesquiterpenes:
(E)-nerolidol, selina-3,7(11)-diene, and germacrone. GC-MS identification of
these compounds and other main constituents was confirmed by 'H-NMR
analysis of fractions obtained by flash chromatography of the leaf oil. All main
compounds were previously identified in sweet gale essential oil of different
origin. In presented research more detailed analysis enabled identification of
60-80 constituents that amounted to more than 90% in individual oils.

Slight increase of monoterpene hydrocarbons, and quite stable content of
other groups of constituents (oxygenated monoterpenes and sesquiterpenes) were
observed during leaf development. The only exception was (E)-nerolidol.
Content of this sesquiterpene alcohol in leaf oil from Pomerania in two stages
(3.0%) was similar as in other research (Table 1).
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On the contrary, in Silesia, (E)-nerolidol was present in trace amount in young
leaf o0il and in small amount in flower oil (1.7%), while abundant in mature and
senescent leaf oil (up to 16.5%). It is worth mentioning that nerolidol has floral,
fruity, woody flavour with green notes and is used in perfumery. Recently,
various pharmacological and biological activities of nerolidol were reviewed
[12]. Svoboda et al. [3] did not observe any regularity in constituent percentages
during vegetation period of sweet gale in Scotland and Finland. This may be
explained by natural origin of plant material, what is supported by finding of
Carlton et al. [8] that shown variation of leaf volatiles within population. It is
important to mention, that leaves and flowers for our research were collected
from 5-8 randomly selected plants from two plantations. Hence, it can be
concluded that cultivated M. gale plants did not differ significantly within
plantations. However, some differences between plantations were observed.

Leaf essential oil was compared in three stages of development. The
collection of young and mature leaves for essential oil production can adversely
influence plant development. Hence, it was interesting to learn that senescent,
yellowish, partly fallen leaves are as good source of essential oil as mature
leaves. The oil yield was a little lower and only slight differences were observed
in essential oil composition between mature and senescent leaves.

Flower essential oil differed from leaf oil in terms of both yield and
composition. It could be stated that, although the oil yield is higher, using sweet
gale flowers as a source of essential oil is not economically justified because of
relatively small amount of flowers.

Conclusion

It was proven that place of plant cultivation as well as time of leaf
collection influenced both the yield and composition of M. gale essential oil only
to small extent. It is important that senescent leaf can be a good source of this
essential oil. Literature up to this point can be a good basis for further research in
this topic.
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