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Abstract
The tree foliage (needles and non-lignified shoots) of the main Latvian tree species  the Scots pine (Pinus sylvestris
L.) and the Norway spruce (Picea abies (L.) Karst.)  contains essential oils, a product with useful properties. Prior to
this, there has been no research done in Latvia about the yields and quality indices of essential oils during the different
seasons. This study examines oil content and quality during the autumn, winter, spring and summer periods. Essential oil
distillation dynamics were investigated to determine the optimum distillation length for the recovery of essential oil
content in tree foliage over the course of a year. Samples of tree foliage were collected twice per month during a one
year investigation period, and the content of essential oils was determined. The obtained essential oils were analyzed,
determining the density, refractive index and the amount of the main terpenes (a-pinene, camphene, b-pinene, 3-carene,
limonene and bornyl acetate). The pycnometer, refractometer and gas chromatography-mass spectrometry (GC-MS)
methods were used to determine the density, refractive index and terpene content, respectively. The results show that
oil amount and physicochemical properties are variable during the course of a year. This study demonstrates that it is
possible to produce pine and spruce essential oils throughout the whole year, and that the product corresponds to the
Latvian standards for an industrial product  pine and spruce essential oils.
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Introduction
An important product of plant origin is volatile
substances, which fall into various chemical compound
classes and are used in aromatherapy, perfumery, etc.
These substances are called essential oils, and are
contained in various plants, including trees, from which
they can be extracted in industrial quantities.
Latvian coniferous trees (pine, spruce, juniper, and
others) also contain these essential oils. They are
mainly contained in the needles and non-lignified
shoots. The essential oil yield of the main coniferous
trees growing in Latvia is as follows: in pine needles
 up to 0.87 % (hereinafter  per dry matter) (Daugavietis et al. 2002) and in spruce needles  up to 0.68 %
(Polis et al. 2009). The essential oils of the main coniferous tree species of Latvia  the pine and the
spruce  have bactericidal and also insecticidal properties, and they have found various practical applications (Produkti 2012, Áåñïàëîâ è Íåêðàñîâà 2007,
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Polis 1995). Pine and spruce essential oils, their extraction and properties have not been extensively studied in Latvia (Polis et al. 2009, Daugavietis et al. 2005,
Daugavietis et al. 2002, Ãàëâàíñ è Ëèåïèíüø 1973).
Investigations conducted in other countries shows
that the essential oil content of the Scots Pine (Pinus
sylvestris) needles is on average 0.4  1.0% (Ñîòíèêîâà
è Ñòåïåíü 2001, Ðåïÿõ è Ñòåïåíü 2000, Êîëåñíèêîâà
1998,). Their chemical composition is also studied
(Kupcinskiene et al. 2008, Maciag et al. 2007,
Ñîòíèêîâà è Ñòåïåíü 2001), The essential oil content
of the Norway Spruce (Picea abies) needles is average 0.2-0.4% (Êîëåñíèêîâà 1998, Orav et al. 1996).
Information can be found in literature on the changes
of the amount of essential oils in different seasons,
as well as on their chemical composition (Radulescu
et al. 2011, Orav et al. 1996).
To obtain pine and spruce essential oils in industrial amounts, they are extracted through steam distillation of the raw material  tree foliage (Ëîáàíîâ 2006,
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×åðíÿåâà è Ãîëèêîâ 1977). Steam distillation of essential oils is affected by several factors  distillation intensity, duration, steam parameters (in the case of the
so-called blowing method) etc. (Ëîáàíîâ 2006,
Áàðàêîâ 1977, ×åðíÿåâà 1977, Íèêèôîðîâ è Êàëèíèí
1977). A method of processing tree foliage extractives
to obtaining essential oils is also known (Ëåâèí è
Ðåïÿõ 1984, ßãîäèí 1981, Ïðîäíèåêñ è Äðîææèí
1974).
Therefore, due to the lack of research on the extraction and properties of essential oils of the main
Latvian coniferous tree species (pine and spruce), this
research work was performed determining the essential oil yield of these tree species over the course of
the year and the chemical composition and physical
properties of the extracted oils. We also have examined the dynamics of essential oil distillation aiming
to improve the methodology for determining the
amount of essential oils.
We assume that obtained results will allow specialists in forestry of other countries to expand their
knowledge about Latvian coniferous essential oils.

Materials and Methods
Plant material
The raw material for analysis (pine and spruce foliage) was gathered twice per month (at the beginning
and in the middle of each month) from September 2010
to September 2011. The tree foliage was gathered from
State forests in Iecava municipality, Vidusdaugava forestry, within a 1 km radius around the polar coordinates
56o44.100 N and 024 o15.403 E. Pine foliage was gathered in stands of the 1st age class (trees up to 20 years
old) while spruce foliage was obtained from 20-40-yearold trees in stands of the 2 nd  3 rd age class, both of
the II site index, according to Orlov (Ñëîâàðü 1984).
The average sample was taken from all sides of 20 tree
crown in height up to 2  2.5 m of the total mass of ~
20 kg. The samples were kept in cold storage at +4 °C.
The analyses were conducted within 3 days after obtaining the samples (taking them from the tree).
For the purposes of analysis, along with the analytic sample, a second sample of tree foliage was taken
from average sample to determine dry matter content
as a percent of total mass when sampled. Dry matter
was determined by drying a previously weighed foliage sample until it reached a constant (invariable) mass
in a drying oven at a temperature of 105°C.
The weighing was conducted to the accuracy of
± 0.0001 g. The dry matter was determined by repeating the procedure 3 times and taking the arithmetic
mean of the three results.
2015, Vol. 21, No. 1 (40)

52

A. KORICA ET AL.

Determinig essential oil distillation dynamics
The dynamics of the hydrodistillation process
were studied in order to determine the shortest length
of time needed to extract the maximum quantity of
essential oils. The dynamics were determined for both
spruce and pine foliage, in two ways for each: for nonshredded foliage (1015 cm long, needle-covered
branches) and shredded foliage. Shredding was conducted with an extruder-type shredder M2. Samples
were taken from the shredded and non-shredded foliage in order to determine the dry matter, so that the
yield could be calculated for completely dry foliage.
Dry matter was calculated in accordance with above
described method.
The hydro-distillation method consists of placing
non-shredded foliage in a 4-L round-bottom flask,
weighed to the accuracy of ± 0.1 g, and water is
poured in to immerse the foliage; an oil trap (Clevenger
apparatus) and a reflux condenser are connected, followed by boiling on an electric laboratory hot plate.
The beginning point of oil distillation is assumed to
be the moment when the first drops of condensate
appear in the reflux condenser. From this moment, the
amount of distilled oil in the trap is read every 15
minutes (the oil receiver of the Clevenger apparatus
is gradated to an accuracy of ± 0.1 cm -3). The hydrodistillation is continued until the amount of oil in the
Clevenger apparatus has not increased for 3 readings
in a row. The dynamics of oil extraction from shredded foliage was examined in the same way. Thus, the
maximum yield of essential oils obtainable through the
tree foliage hydro-distillation process is the amount
recorded in the trap at the end of the distillation, when
the amount of distilled essential oils is no longer increasing. Each version (both with shredded and nonshredded foliage) is repeated 5 times. In each experiment, the distilled/recorded essential oil yield is calculated every 15 minutes (as a percentage of the maximum yield). The result of the experiment is assumed
to be the average essential oil yield across the five
repeats.
Determining the amount of essential oils
The amount of essential oils in tree foliage was
determined with the hydro-distillation method. The tree
foliage to be analyzed was shredded in extruder-type
shredder M2. During the shredding process, the tree
foliage is inside the shredder for approximately 5 seconds and does not heat up enough for the essential
oils to evaporate in a considerable amount. An exact
weighed amount (approx. 700 g, weighed to accuracy
of ± 0.1 g) was taken from the shredded foliage and
placed in a 4-L round-bottom flask made of glass. A
sufficient amount of water was poured into the flask
ISSN 1392-1355
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to immerse the entire foliage, and a Clevenger apparatus for determination of volatile oil lighter than water
and a reflux condenser were connected. The content
of the flask was heated on an electric laboratory hot
plate. With the liquid boiling, the azeotropic mixture
of essential oils and steam enters the reflux condenser, condenses and runs off to the Clevenger apparatus. Non-water-soluble essential oils remain in the
Clevenger apparatus, but the water runs back to the
flask. The process is continued until the amount of
essential oils in the Clevenger apparatus is no longer
increasing (visual inspection). The distillation was
continued for 3 hours, as the prior research of hydrodistillation dynamics showed that after 3 hours the
essential oils have been quantitatively extracted from
both pine and spruce foliage. The process was repeated 3 times. The extracted essential oils were combined,
and their volume was measured. The essential oils
were dried with anhydrous sodium sulfate and stored
in a refrigerator until the conduction of analyses. The
amount of essential oils in tree foliage was calculated
in accordance with the following formula (1):


A=

V × d oils × 10000
M ×S

,

(1)

where A is essential oil content in tree foliage, % of
dry matter; V is volume of essential oils distilled off
the analytic sample, cm -3; d oils is density of essential
oils, g cm -3; M is mass of tree foliage sample, g; S is
dry matter in tree foliage, %.
Determining essential oil density
The density was determined with a pycnometer
(Gallova 2011). The method is based on comparing the
mass of the same volume of the analytic material and
a substance with precisely known density. We used
distilled water, which has certain changes in density
depending on the temperature (data are available in
corresponding handbooks). First, a previously weighed pycnometer is filled to the specific mark with distilled water, the temperature of which has been measured. The filled pycnometer is weighed. The distilled
water is then poured out; the pycnometer is dried and
again filled to the mark with the analytic liquid  pine

or spruce essential oils  and weighed. All weighing
is conducted to the accuracy of ± 0.0001 g.
The density of the essential oils is calculated in
accordance with the formula (2):


moils ×
doils =
d H 2O ,
(2)
mH 2O
where d oils is density of essential oils, g cm -3, m oils is
mass of essential oils in pycnometer (excl. mass of pycnometer), g, m H2O is mass of water in pycnometer (excl.
mass of pycnometer), g, d H2O is density of water (at
specific temperature in accordance with handbooks
data), g cm -3.
The density measurement was repeated 5 times for
each essential oil sample, and the arithmetic mean of
these five measurements was taken as the result.
Determining the refractive index of essential oils
The refractive index of the essential oils was determined with Abbe bench refractometer 2WAJ (OPTIKA Microscopes, Italy). The refractive index was
determined in room temperature for each sample by
nearing the boundary line to the center of cross-lines
five times from the top and five times from the
bottom, in accordance with refractometer manual. The
arithmetic mean of these ten measurements was taken
as the result.
Determining essential oil content
Extracted essential oils were evaluated for the
qualitative and quantitative presence of the following
terpene compounds: a-pinene , camphene, (-)- bpinene, (+)-3-carene, (R)-(+)-limonene and bornyl acetate; they were selected as the most characteristic
monoterpene components of pine and spruce essential oils.
The gas chromatography-mass spectrometry (GCMS) method was used to determine the quantitative
content of terpenes in pine and spruce tree foliage
essential oils. Analysis was carried out with a mass
spectrometer (Hewlett-Packard 5973) connected with
a Hewlett-Packard gas chromatograph (HP 6890). Column: Zebron ZB-5MS, 30 m × 0.25 mm, film thickness
0.25µm. Carrier gas: helium, flow rate 1 ml min-1. Tem-

% area
Essential oil

0,1%

1%

3%

5%

10%

R2

-pinene

10518

1E+05

3E+05

5E+05

1E+06

1.000

y=10161069.893x+1495.410

camphene

6644

65258

2E+05

3E+05

691731

1.000

y=6583840.643x+591.625

Linear equation

(-)--pinene

8615

90395

3E+05

4E+05

985254

1.000

y=8606184.344x+2223.556

(+)-3carene

5374

58710

2E+05

3E+05

785370

1.000

y=6048170.889x-1327.388

(R) -(+)limonene

1986

25628

97780

2E+05

609513

0.993

y=3773434.562x-8076.136

bornyl
acetate

1943

25373

71662

1E+05

383147

0.989

y=2835284.291x-3952.718
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Table 1. Terpene standard linear equations for
quantitative determination with GC-MS
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perature ranges from 50 to 280 °C at a rate of 4°C
min -1. Total time of analysis: 62.5 min.
a-Pinene (from Aldrich), camphene (from Supelco), (-)-b-pinene (from Fluka), (+)-3-carene (from Fluka), (R)-(+)-limonene (from Fluka) and bornyl acetate
(from Fluka) standards were used. The reference substances were used to make reference solutions at several concentrations, corresponding to the expected content in the essential oils to be analyzed. A chart of
each reference substance was prepared depending on
the concentration, and a linear equation was derived
from it and used to calculate the content of the respective component in the analyzed essential oils. The
results have been summarized in Table 2 and Table 3.

Results
The essential oil distillation dynamics investigation results (both on non-shredded and shredded pine
and spruce foliage) have been summarized in Figures
1 and 2. The experiments show that essential oils are
completely extracted from non-shredded pine foliage
with the hydro-distillation method in nearly four hours
(225 min), while extraction from shredded pine foliage
takes only two and a half hours (135 min.). Complete
extraction from non-shredded spruce foliage takes
approximately three hours (195 min); extraction from
shredded spruce foliage also takes nearly three hours
(165 min). In line with these results, in all subsequent
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Figure 2. Essential oil distillation dynamics of Norway spruce foliage collected from trees till height of 2-2.5 m
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Figure 1. Essential oil distillation dynamics of Scots pine foliage collected from trees till height of 2-2.5 m
2015, Vol. 21, No. 1 (40)

54

ISSN 1392-1355

BALTIC FORESTRY
A. KORICA ET AL.

QUANTITATIVE AND QUALITATIVE SEASONAL CHANGES OF SCOTS PINE /.../

parts of this study, the distillation was conducted for
three hours, and the foliage was shredded before the
distillation.
In accordance with the methodologies described
above, the yield of pine and spruce essential oils was
determined twice per month over the course of the
entire year, and the density and the refractive index
of the obtained essential oils were recorded (Korica
et al. 2011). The results of the research are presented
in Tables 2 and Table 3.
Essential oil content in tree foliage over the course
of one year was variable. In pine foliage, it ranged from
0.53% to 0.88% (percentage of the dry matter of tree
foliage). The average annual yield was 0.56%. Although the peak amount of oil was observed in the
winter (December), variations were observed throughout the year. The obtained results do not indicate a
specific pattern of oil content changes over the course
of the year ( p < 0.5). In spruce foliage, the oil content
yield ranged from 0.26% to 0.61%.
The density of pine foliage essential oils ranged
during the year from 0.864 to 0.888 g cm-3, annual average  0.877 g cm -3, and pronounced patterns of change
have not been found. The same applies to changes in
the density of spruce foliage essential oils over the
year  it ranged from 0.892 g cm -3 to 0.910 g cm -3 with
average annual density 0.900 g cm -3.
The refractive index of pine essential oils ranged
over the course of the year from 1.4760 to 1.4840, annual
average  1.4808. The refractive index of spruce essential oils ranged from 1.4695 to 1.4790, annual average  1.4740.
The content of the main terpenes of essential oils
(a-pinene, camphene, (-)-b-pinene, (+)-3-carene, (R)(+)-limonene and bornyl acetate) was determined in accordance with the presented methodology once per
month throughout the year. The obtained results are
presented in Tables 2 and 3.
In pine essential oils, the content of a-pinene (on
average  2.01% of the oil content) and 3-carene
(1.19%) is the highest among the analyzed terpenes;
in spruce essential oils, the highest content was found
by bornyl acetate (1.94%), camphene (0.88%) and
limonene (0.74%).
In pine essential oils, the maximum content of apinene was recorded in February (2.77%), the minimum
 in July (1.36%). The respective maximum and minimum content of other analyzed terpenes in spruce
foliage essential oils was as follows: camphene  0.29%
in April and 0.17% in January, June and July; b-pinene
 0.53% in February and 0.08% in June; 3-carene 
2.66% in January and 0.42% in December; limonene 
0.42% in May and October and 0.26% in January;
bornyl acetate  0.43% in April and 0.18% in January.
2015, Vol. 21, No. 1 (40)

Table 2. Analysis of Scots Pine essential oils
Date of
analysis
15.09.2010
03.10.2010
17.10.2010
01.11.2010
15.11.2010
01.12.2010
16.12.2010
03.01.2011
17.01.2011
02.02.2011
14.02.2011
01.03.2011
15.03.2011
30.03.2011
15.04.2011
29.04.2011
16.05.2011
02.06.2011
16.06.2011
04.07.2011
18.07.2011
01.08.2011
15.08.2011
02.09.2011
15.09.2011

Content,
% of dry
matter
0.75 ± 0.02
0.72 ± 0.02
0.71 ± 0.01
0.58 ± 0.01
0.57 ± 0.01
0.73 ± 0.02
0.60 ± 0.02
0.53 ± 0.01
0.88 ± 0.02
0.70 ± 0.01
0.63 ± 0.02
0.54 ± 0.01
0.61 ± 0.01
0.71 ± 0.01
0.71 ± 0.01
0.64 ± 0.01
0.53 ± 0.02
0.66 ± 0.01
0.63 ± 0.02
0.70 ± 0.02
0.61 ± 0.01
0.58 ± 0.02
0.57 ± 0.01
0.59 ± 0.01
0.62 ± 0.01

Density, g cm

Refractive index

0.877
0.878
0.878
0.871
0.877
0.876
0.881
0.869
0.870
0.864
0.871
0.873
0.874
0.877
0.878
0.875
0.882
0.888
0.888
0.876
0.871
0.881
0.881
0.882
0.881

1.4805 ± 0.001
1.4822 ± 0.0008
1.4803 ± 0.001
1.4811 ± 0.001
1.4822 ± 0.0009
1.4828 ± 0.0008
1.4824 ± 0.001
1.4800 ± 0.001
1.4780 ± 0.001
1.4775 ± 0.001
1.4760 ± 0.001
1.4805 ± 0.0009
1.4805 ± 0.001
1.4815 ± 0.0009
1.4815 ± 0.001
1.4805 ± 0.0008
1.4785 ± 0.0008
1.4820 ± 0.0009
1.4840 ± 0.001
1.4805 ± 0.001
1.4805 ± 0.009
1.4830 ± 0.0007
1.4810 ± 0.0007
1.4810 ± 0.001
1.4815 ± 0.0007

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.008
0.007
0.007
0.008
0.006
0.007
0.006
0.008
0.006
0.08
0.007
0.009
0.008
0.008
0.010
0.008
0.009
0.008
0.007
0.008
0.008
0.008
0.007
0.007
0.009

Table 3. Analysis of Norway spruce essential oils
Date of
analysis
15.09.2010
03.10.2010
17.10.2010
01.11.2010
15.11.2010
01.12.2010
16.12.2010
03.01.2011
17.01.2011
02.02.2011
14.02.2011
01.03.2011
15.03.2011
30.03.2011
15.04.2011
29.04.2011
16.05.2011
02.06.2011
16.06.2011
04.07.2011
18.07.2011
01.08.2011
15.08.2011
02.09.2011
15.09.2011

Content,
% of dry
matter ± SD
0.42 ± 0.02
0.47 ± 0.001
0.36 ±0.001
0.48 ± 0.001
0.57 ± 0.002
0.61 ± 0.001
0.33 ± 0.001
0.42 ± 0.002
0.43 ± 0.002
0.30 ± 0.010
0.30 ±0.01
0.44 ± 0.01
0.38 ± 0.01
0.32 ± 0.01
0.36 ± 0.01
0.36 ± 0.01
0.36 ± 0.01
0.45 ± 0.01
0.26 ± 0.01
0.43 ± 0.01
0.46 ± 0.01
0.53 ± 0.02
0.38 ± 0.01
0.38 ± 0.01
0.39 ± 0.01

Density, g m-3
± SD

Refractive index
± SD

0.905
0.903
0.899
0.899
0.904
0.900
0.909
0.896
0.892
0.893
0.902
0.897
0.906
0.899
0.896
0.897
0.910
0.899
0.901
0.907
0.898
0.897
0.902
0.902
0.899

1.4740
1.4740
1.4729
1.4728
1.4725
1.4755
1.4770
1.4740
1.4745
1.4755
1.4760
1.4740
1.4735
1.4790
1.4750
1.4745
1.4720
1.4730
1.4755
1.4725
1.4695
1.4730
1.4725
1.4755
1.4710

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.008
0.009
0.009
0.009
0.008
0.007
0.008
0.008
0.008
0.008
0.009
0.008
0.008
0.009
0.009
0.007
0.008
0.008
0.009
0.009
0.007
0.008
0.008
0.009
0.009

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.001
0.0008
0.0008
0.0008
0.0009
0.008
0.001
0.0008
0.0008
0.0008
0.0009
0.0008
0.0008
0.001
0.009
0.0009
0.0008
0.0009
0.0008
0.0008
0.0009
0.001
0.008
0.008
0.008

The respective maximum and minimum content of
the individual terpenes in spruce foliage essential oils
over the course of the year was as follows: bornyl aceISSN 1392-1355
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tate  2.42% in April and 1.05% in January; a-pinene 
0.76% in October and 0.34% in February; camphene 
1.16% in September and 0.63% in February and April;
b-pinene  0.45% in October and 0.15% in July; 3carene  0.38% in July and 0.06% in January; limonene 
0.97% in September and 0.53% in February.
Table 4. Analysis of terpenes in Scots pine essential oils
Date of
analysis

á-pinene,
% of oils

camphene,
% of oils

15.09.2010
17.10.2010
15.11.2010
16.12.2010
17.01.2011
14.02.2011
15.03.2011
15.04.2011
16.05.2011
16.06.2011
18.07.2011
15.08.2011

1.72
1.81
1.97
1.85
2.53
2.77
1.81
2.37
2.23
1.79
1.36
1.87

0.21
0.26
0.25
0.18
0.17
0.20
0.25
0.29
0.26
0.17
0.17
0.24

(-) -âpinene,
% of
oils
0.16
0.16
0.26
0.16
0.18
0.53
0.18
0.25
0.16
0.08
0.13
0.15

(+)-3carene,
% of
oils
0.90
0.68
1.36
0.42
2.66
0.82
1.25
1.03
1.01
1.88
1.27
1.01

(R)-(+) lim onene,
% of oils

bornyl
acetate,
% of oils

0.34
0.35
0.36
0.34
0.26
0.38
0.38
0.39
0.42
0.30
0.38
0.42

0.24
0.37
0.37
0.24
0.18
0.22
0.29
0.43
0.30
0.32
0.41
0.35

Table 5. Analysis of terpenes in Norway spruce essential oils
Date of
analysis

ápinene,
% of
oils

camphene,
% of oils

(-)-âpinene,
% of
oils

(+)-3carene,
% of
oils

(R)-(+)limonene,
% of oils

bornyl
acetate,
% of oils

15.09.2010
17.10.2010
15.11.2010
16.12.2010
17.01.2011
14.02.2011
15.03.2011
15.04.2011
16.05.2011
16.06.2011
18.07.2011
15.08.2011

0.66
0.76
0.48
0.40
0.57
0.34
0.50
0.40
0.67
0.40
0.39
0.63

1.16
1.11
1.06
0.71
0.98
0.63
0.87
0.63
0.99
0.67
0.76
0.98

0.29
0.45
0.18
0.33
0.41
0.24
0.26
0.30
0.47
0.26
0.15
0.25

0.15
0.22
0.09
0.11
0.06
0.07
0.19
0.11
0.25
0.13
0.38
0.35

0.97
0.82
0.58
0.59
0.76
0.53
0,79
0.80
0.73
0.78
0.83
0.73

2.39
2.04
2.15
1.99
1.05
1.77
2.09
2.42
1.54
1.98
2.28
1.61

Discussion and Conclusions
The difference in the time needed for complete
extraction of essential oils from pine and spruce foliage as determined by the current research on hydrodistillation dynamics, is explained by the differing
structure of pine and spruce needles. This gives rise
to different dynamics in the mixing of essential oils
and steam (steam penetration to the essential oil depositories in the needles). In addition, quantitative
distillation of essential oils is faster with shredded
foliage than with non-shredded foliage, as the structure of the needles and twigs is partially broken down,
thereby increasing the contact surface of water and
essential oils (Satish Kumar 2010). Estimation of minimum necessary time for complete essential oils distilling allows reducing time for essential oils content
analysis.
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Previous research has found that for several conifers the minimum essential oil content in tree foliage
is found in spring and summer, and the maximum  in
autumn and winter (Öþïêî 2002, Ñòåïåíü è äð. 1981,
Òîì÷óê è Òîì÷óê 1973). The results of our analysis
show that the content of essential oils in pine and
spruce tree foliage is variable across the 12-month
collection period. The content of spruce essential oils
in the foliage was more changeable over the course
of the year than that of pine oils.
The refractive indices of the tree foliage essential oils were recorded throughout the entire year. The
indices of both pine and spruce essential oils changed
throughout the year. It indicates that the chemical
composition and the proportions of the components
of foliage essential oils change little over the course
of the year, as the refractive index depends on both
the chemical composition of the individual essential
oil components and on their proportions in the product.
The densities of essential oils in both pine and
spruce foliage also varied throughout the year. As with
the refractive index, the density of essential oils also
depends on the chemical composition of the individual components and on the quantitative proportions
thereof.
As the refractive index and also the density of
essential oils is determined by their chemical composition and the quantitative proportions of the components, these two values are the ones that determine
the identity of each specific essential oil, because it
is virtually impossible to fake plant essential oils by
making them as mixtures of other substances in such
a way as to ensure that both their organoleptic properties and the refractive index and density correspond
to the original essential oils. That is why Latvian technical regulations on industrially extracted pine and
spruce foliage essential oils specify density and refractive index among the indicators (US 2006).
Prior to this investigation of the content of the
main components of essential oils obtained from the
main Latvian conifer species  pine and spruce  and
changes thereof over the course of the year has not
been previously studied. The only known research is
conducted by Ãàëâàíñ (1973). More extensive studies on the content of conifer essential oils, their
amount and the variations of individual components
across seasons have been conducted in Europe and
Russia (Kupcinskiene et al. 2008, Maciag et al. 2007,
Öþïêî 2002). According to these studies, the minimum
content of essential oils in various fir species (Abies
nephrolepis, Abies sachalinensis, Abies mayriana,
Abies holophylla) has been observed in needles in
summer, and the maximum content  in winter. The
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content of 3-carene is relatively invariable, with a small
tendency of increasing in summer. The same can be
said about the changes in a-pinene content. For bornyl acetate, the minimum content is observed in summer, and the amount is elevated in winter months. No
seasonal correlations among the individual components
of essential oils were found in literature. Explicit patterns of change in the components over the course of
the year were also not discovered during our study.
In summary, it can be concluded that the essential oil content in the foliage of the main Latvian tree
species, Scots pine and Norway spruce, is variable
throughout the year. The same conclusion can be made
about the characteristics of the essential oils  their
density, refractive index and content of individual
components  they vary throughout the year, but show
no explicit patterns.
The amount of essential oils in pine tree foliage
is greater than in spruce tree foliage throughout the
entire year. The amount of spruce essential oils is more
variable over the course of the year than that of pine
oils (the annual peak content is twice as large as the
minimum content).
The essential oil content in both pine and spruce
tree foliage in Latvia is sufficient for the oils to be
obtained throughout the year, regardless of the season. It is an advantage compared to the extraction of
essential oils from agricultural plants, which has a
seasonal character.

Acknowledgements
This work was possible thanks to the financial
support of ERDF (European Regional Development
Fund) to Project No. 2010/0276/2DP/2.1.1.1.0/10/
APIA/VIAA/127

References
Daugavietis, M., Polis, O. and Korica, A. 2005. Egles vainaga biomasas izmantoðanas iespçjas [Possibilities of Norway spruce crown biomass utilization]. LLU Raksti 14
(309): 72-75 (in Latvian)
Daugavietis, M., Polis, O., Korica, A. and Seleznovs J.
2002. Priede - augstvçrtîgu, bioloìiski aktîvu dabas vielu
avots [Scots pine - a natural raw material for high-quality biologically active substances]. LLU Raksti 5: 59-67,
(in Latvian)
Gallova, J. 2011. Density determination by pycnometer.
[WWW document].  URL http://www.fpharm.uniba.sk/
fileadmin/user_upload/english/Fyzika/Density_
determination_by_pycnometer.pdf [viewed June 2012.].
Judzentiene, A. and Kupcinskiene, E. 2008. Chemical
Composition on Essential Oils from Needles of Pinus
sylvestris L. Grown in Northen Lithuania. Journal of
Essential Oil Research 20: 26-29.
2015, Vol. 21, No. 1 (40)

A. KORICA ET AL.

Kartnig, T., Still, F. and Reinthaler, F. 1991. Antimicrobial
activity of the essential oil of young pine shoots (Picea
abies L.). Journal of Ethnopharmacology 35(2): 155-157.
Kirbag, S. and Bagci, E. 2000. An investigation on the antimicrobial activity of the Picea abies (L.) Karst and
Picea orientalis (L.) Link. essential oil. Journal of Qafqaz
University III (1): 183-191.
Kupcinskiene, E., Stikliene, A. and Judzentiene, A. 2008
The essential oil qualitative and quantitative composition
in the needles of Pinus sylvestris L. growing along industrial transects. Environmental Pollution 155: 481-491.
Maciag, A., Milakovic, D., Antolovic, V. and Kalemba, D.
2007. Essential oil composition and plant-insect relations
in Scots pine (Pinus sylvestris L.). Food Chemistry and
Biotechnology 71 (1008): 71-95.
Oh, H.J., Ahn, H.M., So, K.H., Kim, S.S., Yun, P.Y., Jeon,
G.L. and Riu, K.Z. 2007. Journal of Applied Biological
Chemistry 50(3): 164-169.
Orav, A., Kailas, T. and Liiv, M. 1996. Analysis of terpenoic composition of conifer needle oils by steam distillation/extraction, gas chromatography and gas chromatography-mass spectrometry. Chromatographia 43(3-4):
215-219.
Polis, O. 1995. Development of Tree Foliage Extractive
Obtaining Technologies. In: Proceedings of IUFRO XX
World Congress, Tampere, IUFRO P3.07 Meeting: 151161.
Polis, O., Korica, A. and Daugavietis, M. 2009. Bioloìiski
aktîvo savienojumu saglabâðanâs egles zaleòa uzglabâðanas
procesâ [Retaining of biologically active substances during Norway spruce foliage storage]. Meþzinâtne 9 (52):
82-90 (in Latvian).
Produkti. [WWW document].- URL http://www.biolat.lv/main/
produkti/terisks-eas.aspx [viewed November 2012.].
Radulescu, V., Saviuc, C., Chifiruc, C., Oprea, E., Ilies,
D.C., Marutescu, L. and Lazar, V. 2011. Chemical
Composition and Antimicrobial Activity of Essential Oil
from Shoots Spruce (Picea abies L). Revista De Chimie
(Bucharest), 62(1): 69-74.
Sangwan, N.S., Farooqi, A.H.A., Shabih, F. and Sangwan,
R.S. 2001. Regulation of essential oil production in plants.
Plant Growth Regulation 34: 321.
Satish Kumar, K. 2100. Extraction of essential oil using
steam distillation. National Institute of Technology. Rourkela. 39 pp.
US 000312820-16-05. 2006. Uzòçmuma standarts [Latvian
enterprise standard for pine and spruce essential oils] 6
pp. (in Latvian).
Áàðàêîâ, Ò.Â. 1977. Òåõíîëîãè÷åñêèå ïðè÷èíû, âëèÿþùèå
íà âûõîä è êà÷åñòâî ïèõòîâîãî ìàñëà [Technological
factors influencing the yield and quality of fir oil]. In:
Òåõíîëîãèÿ ïðîèçâîäñòâà è àíàëèç ïèõòîâîãî ìàñëà.
Êðàñíîÿðñê, 91-108. (in Russian)
Áåñïàëîâ, Â.Ã. è Íåêðàñîâà, Â.Á. 2007. Ëå÷åáíîïðîôèëàêòè÷åñêèå ñðåäñòâà èç áèîìàññû äåðåâà [Medicated products from tree biomass]. ÑÏá., 192 pp. (in
Russian)
Ãàëâàíñ, Ó.È. è Ëèåïèíüø, ß.ß. 1973. Èçó÷åíèå ñîñòàâà
òÿæåëîé (ÒÝÌ) è ñðåäíåé ôðàêöèé ýôèðíîãî ìàñëà
äðåâåcíîé çåëåíè ñîñíû îáûêíîâåííîé ìåòîäîì
ãàçîæèäêîñòíîé õðîìàòîãðàôèè [Study of the composition of heavy (HEO) and middle fractions of Scots pine
tree foliage essential oil by gas-liquid chromatography].
In: Èñïîëüçîâàíèå áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ
äåðåâà. Ðèãà: «Çèíàòíå»: 32-35 (in Russian)
Êîëåñíèêîâà, Ð.Ä. 1998. Ýôèðíûå ìàñëà õâîéíûõ ðàñòåíèé
Ðî ññèè. Àâòîðåôåðàò äèññåðòàöèè ä-ðà áèîë. íàóê. [EsISSN 1392-1355

57

BALTIC FORESTRY
QUANTITATIVE AND QUALITATIVE SEASONAL CHANGES OF SCOTS PINE /.../
sential oils from coniferous in Russia.  Dr. Biol. Thesis], Âëàäèâîñòîê, 58 pp. (in Russian)
Ëåâèí, Ý.Ä. è Ðåïÿõ, Ñ.Ì. 1984. Ïåðåðàáîòêà äðåâåñíîé
çåëåíè [Tree foliage processing]. Ëåñíàÿ ïðîìûøëåííîñòü, Ìîñêâà, 120 pp. (in Russian)
Ëîáàíîâ, Â.Â. 2006. Âëèÿíèå òåõíîëîãè÷åñêèõ ôàêòîðîâ íà
âûõîä è ñîñòàâ ïèõòîâîãî ìàñëà [The influence of technological factors on the yield and composition of Siberian fir oil] Èçâåñòèÿ âóçîâ. Õèìèÿ è õèìè÷åñêàÿ
òåõíîëîãèÿ. 49 (9): 71-74. (in Russian)
Ëîáàíîâ, Â.Â. 2004. Âëèÿíèå áèîöåíîòè÷åñêèõ ôàêòîðîâ íà
ñîäåðæàíèå è ñîñòàâ ïèõòîâîãî ìàñëà [The influence
of biocenotic factors on the content and composition of
fir oil] Õâîéíûå áîðåàëüíûå çîíû 2:148-156. (in Russian)
Íèêèôîðîâ, Ã.Â. è Êàëèíèí, Ì. 1977. Ïðîèçâîäñòâî
ïèõòîâîãî ìàñëà [Production of fir oil] Ì.: Ëåñíàÿ ïðîìûøëåííîñòü, 128 pp. (in Russian)
Ïðîäíèåêñ, À.Ï., Äðîææèí, Þ.Ä. 1974. Ïîëó÷åíèå
ëåñîáèîõèìè÷åñêèõ ïðîäóêòîâ ïðè êîìïëåêñíîé ïåðåðàáîòêå äðåâåñíîé çåëåíè ñîñíû è åëè [Obtaining forest biochemical products under complex processing pine
and spruce tree foliage]. Ì., 38 pp. (in Russian)

A. KORICA ET AL.

Ðåïÿõ, Ñ.Ì. è Ñòåïåíü, Ð.À. 2000. Çàïàñû è ðàñïðåäåëåíèå
â áèîìàññå ëåòó÷èõ òåðïåíîèäîâ ñîñíû îáûêíîâåííîé
[Resources and distribution in biomass of volatile terpenoides of Scots pine]. Ñûêòûâêàð, 20 pp. (in Russian)
Ñëîâàðü áîòàíè÷åñêèõ òåðìèíîâ [The Dictionary of Botanical Terms]. 1984. Ïîä ðåä. È. À. Äóäêè. Êèåâ: Íàóêîâà
äóìêà, 306 pp. (in Russian)
Ñîòíèêîâà, Î.Â. è Ñòåïåíü, Ð.À. 2001 Ýôèðíûå ìàñëà
ñîñíû êàê èíäèêàòîð çàãðÿçíåíèÿ ñðåäû [Pine essential
oils as an indicator of environmental pollution]. Õèìèÿ
ðàñòèòåëüíîãî ñûðüÿ. 1: 7984. (in Russian)
Öþïêî, Â.À. 2002. Ýôèðíûå ìàñëà è ôëîðåíòèííàÿ âîäà
äàëüíåâîñòî÷íûõ âèäîâ ïèõò ðîäà Abies Hill. [Essential
oils and hydrosol from the fir species of genus Abies Hill.
of the Russian Far East region.  Doctor Thesis].
Õàáàðîâñê, 151 pp. (in Russian)
×åðíÿåâà, Ã.Í. 1977. Âëèÿíèå ðàçëè÷íûõ ôàêòîðîâ íà
êà÷åñòâî ñûðüÿ è âûõîä ïèõòîâîãî ìàñëà [The influence of various factors on the quality of raw materials
and the output of fir oil]. Òåõíîëîãèÿ ïðîèçâîäñòâà è
àíàëèç ïèõòîâîãî ìàñëà. Êðàñíîÿðñê: 3-28. (in Russian)
ßãîäèí, Â.È. 1981. Îñíîâû õèìèè ïåðåðàáîòêè äðåâåñíîé
çåëåíè [Basics of chemistry of tree foliage processing].
Èçä-âî Ëåíèíãð. óí-òà, Ëåíèíãðàä, 224 pp. (in Russian)

Received 13 November 2013
Accepted 29 January 2015

2015, Vol. 21, No. 1 (40)

58

ISSN 1392-1355

