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an essential oil with water vapor from plants of Juniper (Juniperus) and
spruce (Picea) leaves based on Dalton’s law of partial pressure, applicable for
plants containing a large amount of ether oil where distillation temperature is
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1. Introduction

Ether containing trees Juniperus and Picea are widely distributed indigenous spe-
cies in the Southern region of Kyrgyzstan (Figure 1). The kind Juniperus belongs
to the Cupressaceae family, which is characterized by a large amount of essential
oil in needles, wood, and seeds [1]. Essential oil components represented in Table
1 and chemical constituents obtained from the Juniperus trees are including

a-pinene, f-pinene, apigenin, sabinene, S-sitosterol, campesterol, limonene
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Figure 1. (a) Spruce (Picea) leaves and (b) juniper (Juniperus) leaves.

Table 1. Essential oil components obtained from the /. communis L. [2].

Rt %
Monotherpene hydrocarbons
1) a-Pinene 4.40 1.95
2) dl-Limonene 6.33 0.96
3) a-Pinene 10.78 0.80
4) (+)-4-Carene 12.44 3.86
5) Bicyclo[4.1.0]hept-2-ene,3,7,7-trimethyl 12.81 0.71
Sesquiterpene hydrocarbons
1) a-Cedrene 12.98 0.15
2) a-Cadina-4,9-diene 13.08 0.93
3) Cedrene 13.64 4.04
4) Gamma. 1-cadinene 14.09 1.00
Oxygenated monoterpenes
1) 1-Indanone 7.60 1.15
2) Linalool 7.85 2.34
3) 2,3,3-Trimethyl-3-cyclopentene acetaldehyde 8.35 2.09
4) 5-Decene-1-o0l 10.89 2.60
Oxygenated sesquiterpenes
1) Cedrene epoxide 18.94 2.79

and many other compounds [2]. Other applications of the Juniperus reported as
a biomonitor for heavy metal pollution due to mineral nutrients and excessive
metal (Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Pb, and Zn) accumulation effects [3].
Picea known as a spruce tree, belongs to the family of Pinaceae [4]. The
chemical composition of volatile oils isolated from different species depends on
geographic origin [5]. Antibacterial [6], anti-inflammatory [7], antifungal activ-
ity [8], analgesic activity [9], antidiabetic and antihyperlipidemic, antimicrobial

activities [10] [11], antioxidant activity [12], antihypercholesterolemic activity
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[13] and neuroprotective activity in Parkinson’s disease [14] of Picea tree were
studied. Juniperus species are used for the treatment of hyperglycemia, tubercu-
losis, bronchitis, pneumonia, ulcers, intestinal worms, to heal wounds and cure
liver disease; berries are used in the treatment of skin diseases including skin
rash and eczema, respiratory tract diseases, asthma, common cold, cough, bron-
chitis, throat inflammation, pneumonia and tuberculosis [11] [15]. In this re-
gard, the study of the production and use of essential oil from ether-containing
plants, including the leaves of spruce and juniper leaves is relevant.

Essential oil preparation from the juniper (Juniperus) and spruce (Picea)
leaves by continuous water distillation and other methods studied [16] [17]. The
antimicrobial activity of essential oils is attributed to a number of terpenoid and
phenolic compounds in plants studied [18]. The essential oil of three species was
analyzed for chemistry and antimicrobial activity [19].

The purpose of this work was to obtain essential oils and oil extracts from the
local ether containing plants of juniper (Juniperus) and spruce (Picea). One of
the approaches to solve these issues is the installation of laboratory tools and
further development of technological equipment followed by identification of in-

fluence on technological factors, yield, and composition of essential oils.

2. Materials and Methods

Preparation of Raw Materials (Collection of Essential Oil Plants,
Drying)

The essential oil is extracted directly from the fresh leaves. In the laboratory, the
Soxhlet apparatus used to extract the essential oils from plants. Collected leaves
of both species cleaned and stored in a refrigerator, in plastic bags at a tempera-
ture of 2°C - 4°C. Leaves of juniper and spruce harvested in the undergrowth, in
mixed birch forests (age 10 - 15 years). Humidity was determined by drying the
sample in an oven at 105°C + 4°C in duplicate. The method of distillation of es-
sential oil with water from plant materials is based on properties such as volatil-
ity and insolubility in water. The objective of the research was to isolate the es-
sential oil in the initial stage of its distillation at different temperatures of the
working steam.

The experiments were carried out under laboratory conditions in the temper-
ature range of 100°C - 200°C. The yield of essential oils was determined by titra-
tion, the component composition studied by chromatography. When conduct-
ing experiments with both juniper leaves and spruce leaves, the process temper-
ature significantly affects the oil yield.

Further, for the distillation of the essential oil, the plant material was extracted
with water and carried out with a distillation apparatus in a water bath at a tem-
perature of 178°C - 180°C. Water vapor from the steam generator passes
through the plant material and volatile essential oil condensed into the refrige-
rator and then collected in the receiver. The essential oil of juniper and spruce

leaves isolated and investigated in laboratory conditions as shown in Figure 2.
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Figure 2. Experimental equipment for obtaining essential oils from juniper and spruce
extracts by distillation.

3. Results and Discussions

The results of the distillation of the essential oil from the leaves of juniper and
spruce with water vapor at different temperatures are shown in Table 2. The
yield of the essential oil was determined by the titration method, and the com-
ponent composition was studied by chromatographic methods. When conduct-
ing experiments with both juniper leaves and spruce leaves, the process temper-
ature significantly affects the oil yield.

As the table shows, the yield of essential oil depends on the type of raw ma-
terial obtained and on the temperature of the working steam. The data obtained
compared with these indicators with its exhaustive distillation. With increasing
temperature, the oil yield decreases in this case (Figure 3) other components be-
gin to caramelize Ze. a sharp increase in the yield of monoterpenes observed
[20].

Distillation of essential oils was carried out both from fresh and from dried
materials. At the temperature from 100°C to 130°C, the yield increased with a
slight excess in case of juniper leaves. According to [21] [22], the composition of
essential oils contains aromatic compounds, terpenes, and terpenoids, aldehydes,
saturated and unsaturated hydrocarbons, organic acids and amines, as well as
heterocyclic compounds, organic sulfides, etc. With increasing in temperature
(at 180°C and 200°C), the oil yield decreases, this is explained by an increase in
the oxidative and polycondensation transformations of terpenoids, their conver-
sion to resinous products [23]. The oil from spruce leaves is 1.8% at temperature
178°C, and for juniper leaves oil obtained from 2.1% at 187°C. The rate of re-
lease of essential oil from raw materials gradually increases with increasing tem-
perature of the working steam 7.e. the oil yield starts from 150 - 187°C.

According to the experimental data, a sufficiently complete distillation of es-
sential oil is carried out at 100°C for 180 min, 130°C - 120 min, 150°C - 100 -
110 and 180°C - 70 - 80 min. This dependence in the initial stage has the same
parameters and is determined by the temperature of the vapor. As the results of
analyses show, the temperature for the release of essential oil from the raw mate-
rials used by in this work was 178°C - 186°C, and with the change in tempera-

ture, a change in the rate of oil release was observed.
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Table 2. The distillation of the essential oil from the leaves of juniper by water vaporiza-
tion at different temperatures.

o . Juniperusleaves Picealeaves
Distillation temperature, “C
100 g/ml 100 g/ml
Oil yield, % Oil yield, %
100 - -
130 0.06 0.08
150 0.8 1.6
178 1.8 1.8
187 2.1 -
2.1 /\
< 1.8
k]
_a_; —Picea
=16 —Juniperus
3 p
0.8
0.08
0.06
T T T T 1
100° 130° 150° 178° 187°

Temperature °C

Figure 3. The dynamics of the allocation of essential oil at different temperatures of the
working steam.

Based on experimental studies, the isolation of essential oil from juniper
leaves is 74 minutes at a temperature of 186°C - 187°C, and from spruce leaves -
88 minutes at 178°C. With steam distillation, it takes at least 5 - 6 minutes at a
temperature of 170°C - 180°C to isolate the essential oil. The results obtained in
Figure 3 indicate that amount of essential oil released increases when juniper
leaves are used as a raw material in the processing of harvested leaves from the
second half of August to the end of October.

The conducted studies allowed us to obtain data on potential reserves of ter-
penoids, varying their component composition, which allows us to further op-
timize the quantity and quality of marketable products. At the same time, the
amount of oil in the woody greens of trees of different ages, both taking into ac-
count and without taking into account the main biocenotic factors, is almost the
same, which is a positive point, because a sufficient yield of essential oil from
averaged raw materials provided.

The essential oil extraction process is exponential. At the initial stage, inten-

sive extraction of terpenoids characterized and a sharp decrease in their quantity
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Figure 4. (a) Extracts of juniper and spruce; (b) essential oils of juniper and spruce ob-
tained by distillation.

at the end of distillation observed. With the same dynamics of oil evolution at
different temperatures of the working steam, it yields significant changes. The
maximum amount of terpenoids is distilled off at 170°C - 180°C, those. Lower-
ing and raising the process temperature leads to a decrease in oil volume. In the
first case, incomplete selection occurs. With a further increase in temperature,
the oxidative and condensation processes of the components of the essential oil
are intensified. Juniper and spruce extracts, and essential oils obtained by distil-
lation are shown in Figure 4. The relationship between the yield of essential oil

and the distillation temperature expressed by the equation:
Y, =2.1+1871 +128t

Y, =1.8+1781 +86t

here, Yis the essential oil yield (%), I is the distillation temperature (°C), and t is
the duration of distillation (min) (Figure 4).

When releasing the essential oil, a sufficiently significant factor is also the flow
rate of the working steam. Increase and decrease in temperature reduces the
yield of volatile terpenoids by 8% - 12%, due to incomplete distillation or losses

in partial decomposition of the oil components.

4. Conclusions

Grinding the raw material to a size of 5 mm accelerates the distillation process at
a temperature of 150°C almost twice. During the experiments, when the temper-
ature rises above 190°C, there is a deterioration in the consumer properties of
the essential oil, Ze. a change in smell occurs. In this regard, a temperature limit
is found in which there is no decrease in the quality characteristics of the prod-
uct. To solve these problems, an additional series of experiments was set. As the
studied parameters, the distillation duration and the temperature of the working
steam were chosen. Experimental verification confirmed the effectiveness of this
equation. As it can be seen, the optimum temperature for distillation of the es-

sential oil is (190 £ 3)°C. It is increase that not only leads to a decrease in prod-
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uct yield but also worsens its quality characteristics.
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