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The aim of this paper was to investigate biochemical composition of Hyssopus officinalis L. (Lamiaceae)
in relation to plant age and phenological growth stage under conditions of Ukrainian Polissia, in order to
determine the optimal harvest dates of the herbal material and its application spheres.

The raw material samples under analysis were cut at various growth stages: the vegetative, budding,
blooming, and ripening stages. To study the hyssop oil composition, areal parts of H. officinalis were
used. The composition analysis was aimed at determining absolute dry matter (by drying samples
at 105 °C up to the constant mass), “crude” cellulose, amounts of protein, fats, calcium, potassium, phos-
phorus, ascorbic acid, carotene, discernible sugars and tannins and essential oil.

The present study has proved that in the plant ontogenesis the amount of essential oil, obtained from
H. officinalis areal parts, does not markedly decrease: volatile oil yield in plants of the first, second and
third years of life amounted to 1.007%, 0.75% and 0.71% respectively. The composition of volatile oil in
the plants of the first year of life reveals 46 components, of which pinocampone (53.73% ), isopinocampone
(4.66% ), myrtenol (9.35% ) and camphor (3.86% ) prevailed. In H. officinalis volatile oil of the third year
30 components were identified, the prevailing of which were isopinocampone (44.43%), pinocampone
(35.49%), myrtenol (5.26% ), germacrene D (3.15% ), pulegone (2.93% ) and bicyclogermacrene (1.35%).

It was observed the change in the quantitative and qualitative composition of H. officinalis volatile
oil throughout the entire vegetation period. Thus, in the phase of vegetative growth it was identified 25
compounds, the most predominant being elemol (33.25% ), germacren D (21.59% ) and bicyclogermacrene
(15.78%). In the phase of blossoming 30 components can be identified, a high amount of isopinocampone
and pinocampone (44.43% and 35.49% ) and lover amount of myrtenol (5.26%), pulegone (2.93% ) and
bicyclogermacrene (1.35% ) can be noted. During the fruit-bearing period 21 compounds with the preva-
lence of elemol (44.46%), bicyclogermarcren (10.30%), germacren D (5.86% ), spatulenol (4.36%),
B-eudesmol (4.34%), a-eudesmol (4.04% ) and y-eudesmol (3.92% ) can be identified.

H. officinalis raw material from one-year-old plants is to be used in food industry, whereas plants
collected at the blooming stage are preferable for cosmetics and perfumery.

Key words: Hyssopus officinalis L., biological active substances, essential oil, pinocampone,
isopinocampone.

Hyssop (Hyssopus officinalis L.) is one of
valuable aromatic, essential, spicy, medicinal,
honey-bearing plants, containing numerous
biologically active substances, due to which it is
used in pharmacy as well as food, cosmetic and
perfumery industries [1-3]. H. officinalis raw
material obtained from one-year-old plants is rich
in proteins, total sugars, ascorbic acid, carotene,
calcium, phosphorus. Contents of dry matter, fats
and tannins increase with plant maturity.

Areal parts of H. officinalis in the blooming
stage are known to contain from 0.36 up to 1.3%
essential oil on a dry matter basis, as well as
flavonoids (diosmin, hesperidin), triterpene acids
(ursolic, oleonolic), tannins, bitter substances,
tars, resins, vitamins and others[4, 5].

The hyssop oil major components, distilled
from H. officinalis cultivated in Iran, are:
myrtenol acetate (74.08% ), camphor (6.76%),
germacrene D (3.36% ), spathulenol (2.14%),
caryophyllene oxide (2.13%), B-caryophyllene
(2.10%)[6].

Essential oil, extracted from plants
cultivated in Serbia, contains: cis-
pinocamphone (42.9%), trans-pinocamphone
(14.1%), germacrene-D-11-ol (5.7%) and
elemol (5.6%) [7], in Spain — up to 19.75%
pinocamphone, 24.58% isopinocamphone,
20.54% pB-pinene, 4.76% germacrene [8], in
the Western Himalayas — cis-pinocamphone
(49.7-57.7%), pinokarvon (5.5-24.9%),
B-pinene (5.7-9.3%), 1,8-cineol (2.9-8.0%),
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B-phellandrene (1.8-3.2% ), myrtenol methyl
ester (2.7-3.0%), sabinene (0.8-1.9%),
myrtenol (1.4-1.7%), myrcene (0.5-1.3%)
and trans-pinocamphone (<0.05-1.3%)[9].

In essential oil, obtained from herbs grown
in Lublin (Poland) and cut in full bloom, the
dominant components detected were: cis-
pinocamphone ranging from 44.5 (2008) to
65.4% (2007), trans-pinocamphone — from
13 (2007) to 18% (2008), germacrene D —
from 1.4 (2007) to 5.0% (2008) [10]. Further
research identified cis-pinocamphone (48.6%),
elemol (7.4%), B-pinene (6.1%), 1.8-cineol
(5.8% ) and caryophyllene oxide (5.5% ) [11].

In essential oil from herbs cultivated in
Moldova, depending on genotypical properties,
30-38 components were identified, among
which dominated cis- and trans-pinocamphone.
Essential oil from H. officinalis L. f. cyaneus
contained 51.77% cis-pinocamphone and
6.70% trans-pinocamphone; from H. officinalis L.
f. ruber 33.31% and 33.31%, respectively;
and from H. officinalis L. f. albus —
2.15% and 61.1%, respectively. Similarly,
there was detected a considerable amount
of B-pinene (f. cyaneus — 61.1%, f. albus —
7.38%, f. ruber — 4.15%), B-phellandrene
(f. cyaneus — 4.83%, f. albus — 6.79%,
f. ruber — 3.64%) and carvacrol (f. cyaneus —
0.34%, f. albus — 0.34%, . ruber — 3.31%)[12].

The chemical composition of essential
oil, obtained from different cultivars of
H. officinalis grown in Ukrainian Polissia, has
shown that the total amount of pinocamphone
and isopinocamphone in the cultivar Atlant
constituted 90.432% ; in the cultivar Markiz —
89.228% and in Vodohrai — 89.096% [13].

Ukrainian findings showed that the mass
portion and chemical composition of essential
oil from H. officinalis, grown in the Pre-
Mountainous Crimea, varied during a 24-hour
period [13, 14].

Composition and amounts of essential
oil components are viewed as characteristic
chemotaxonomic properties of plants, which
determine their biological activity and change
when introduced in non-native environment
[15-1T7].

The percentage composition of hyssop
oil demonstrates that its biologically active
compounds vary depending on various plant
development conditions and stages of growth.
Thus, to determine the optimal harvesting
dates and spheres of the herb raw material
application, the present research was done to
analyze hyssop oil composition in relation to
the phenological growth stage and plant age in
conditions of Ukrainian Polissia.
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Fig. 1. The blooming stage of H. officinalis, grown

Materials and Methods

The present research was conducted on
experimental plots of Botanical Gardens of
Zhytomyr National Agroecological University
in 2008-2013, oil composition was analyzed in
2010-2013. Hyssop seedlings were obtained
from botanical collection of New Cultures
Department of Hryshko National Botanical
Gardens of the National Academy of Sciences
of Ukraine.

The study was based on Hyssopus
officinalis L. cv. Markiz with dark blue and
violet corolla (Fig. 1).

in Botanical Gardens of Zhytomyr National
Agroecological University

Plant material was cut at different stages
of growth: the vegetative, budding, blooming
and ripening stages. To analyze the chemical
composition of hyssop oil, areal parts of 15
plants were cut, chopped and stirred so as
mean samples could be obtained. Analysis
of each sample was repeated three times.
The absolute dry matter was determined by
drying the samples at 105 °C until achieving
the constant mass; fats content was found by
obtaining solids-not-fat; “crude” cellulose —
according to Henneberg and Stockmann;
calcium — by the trylonometric method
[17]; proteins — by the Kjeldahl method;
phosphorus — by the volumetric method with
ammonium-molybdate solution [18]; ash — by
burning in a muffle furnace (300-700 °C); wet
ashing — by the Kurkayev method; ascorbic
acid — according to Murrey [19]; carotene
was determined with spectrophotometer
UNICO 28 with the use of Kalosh gasoline
solvent [20]; total discernible sugars and
tannins were found according to Kryshchenko
[21]; potassium — in flame photometer CL
378 (ELICO Limited, India) [19]. Essential
oil content was determined according to the
Clevenger method [22].
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To obtain essential oil from raw material
and to determine its qualitative and
quantitative composition, a load of material
(0,5 g) was put into a 20 ml capacity vessel, to
which 10 ml water was added. The sample was
hydrodistilled for 2 h in an air-cooled reflux
condenser. In the process of hydrodistillation,
volatile substances were adsorbed on the
inner wall of the reflux condenser. After the
system cooled, the adsorbed substances were
slowly washed out by adding 3 ml of especially
pure pentane into a dry 10 ml capacity vessel.
The washout was concentrated by blowing
(100 ml/min) especially pure nitrogen till the
extract residual volume became 10 pl, which
was then injected into a chromatographic
injector. Further concentration of the sample
was performed in the injector itself till the
volume became 2 ul. The sample was injected
into the chromatographic column in a splitless
mode, i.e. without splitting the flow, which
enabled to avoid the sample distribution loss
and increase 10—20 times the chromatography
sensitivity. The injecting rate was 1.2 ml/min
for 0.2 min.

The gas chromatography analysis was
carried out with gas chromatograph Agilent
Technologies 6890, equipped with mass
spectrometric detector 5973. The analysis
conditions: a 30 mx0.25 mm i. d. DB-5
capillary column; carrier gas — helium, at a
flow rate of 2 ml/min; the heater temperature
at introduction — 250 °C. The thermostat was
programmed at 50—-320 °C, at a rate of 4 °C/
min. Identification of the constituents was
based on mass spectra and retention times,
which were compared with those given in
NIST05 Mass Spectral Library, containing
more than 470,000 spectra, besides,
identification programmes AMDIS and NIST
were used [23].

The obtained results were statistically
processed with Microsoft Excel —10. Each test
was repeated three times. Mean values and
standard deviations (M = m) were calculated.
The difference was evaluated for significance
level of P < 0.05 in accordance with the
Student’s test.

Results and Discussion

The obtained results demonstrate
that the highest amount of dry matter is
found in 3-year-old plants, which is 1.5
times higher than that of 1-year-old herbs
(Table 1). The amounts of protein, ash and
total sugar in 3-year-old plants decrease
in comparison with 1-year-olds 1.3; 1.8;

3 times, respectively. The content of cellulose
in raw material from 1-year-old herbs
constitutes 37.81+0.90%, 2-year-olds —
41.2+0.76%, 3-year-olds — 37.81 =0.90%
of absolutely dry mass, the content of fats is
2.7+0.03; 3.8*0.09; 3.81+0.26%,
respectively. The amount of ascorbic acid
in 1-year-old hyssop raw material is 2 times
higher than that of 2-year-olds, and 5.6 times
higher than that of 3-year-olds.

Nevertheless, tannins have not revealed
the above tendency, the highest amount
occurring in 3-year-old plants (9.01+0.61%)
and the lowest — in 2-year-olds (2.73%+0.24%).
1-year-old herbs contained 6.59+0.11% of
tannins. The carotene content in 1-year-old
plants has proved to be 1.8 times higher than
that of 2-year-olds, and 3.3 times higher if
compared with 3-year-olds. Phosphorus is the
lowest in 2-year-old plants (0.15+=0.006%),
and the highest in 1-year-old herbs (0.51=+
0.001%). The calcium content hasn’t displayed
considerable variation. The highest potassium
amounts have been detected in 2-year-old
plants (2607.4 = 94.64 mg% ), the lowest — in
3-year-olds (1126.7 =£121.37 mg%), in 1-year-
olds this amount being 1486.81+94.00 mg%
(Table 1).

The present study has proved that the yield
of essential oil extracted from the areal parts
of plants, cultivated in Ukrainian Polissia,
does not significantly decrease with age. Thus,
determined on a dry matter basis, the essential
oil yield from 1-year-old plants constitutes
1.007%, from 2-year-old ones — 0.78% and
from 3-year-olds — 0.71% (Fig. 2).

The present study of hyssop oil, obtained
from areal parts of 1-year-old plants has
identified 46 compounds, among which only

1,007
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1.year-old plants 2.year-old plants 3.year-old plants

Fig. 2. H. officinalis essential oil yield obtained
from plants in the blooming stage, cultivated
in Ukrainian Polissia (% on a dry matter basis)
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Table 1. Composition of H. officinalis areal raw material in relation to plant age

The component amount,%

Component Year of growth (age)
1 2 3

Dry matter 20.16=0.82 28.53+2.30 29.76+0.23%*
Protein 20.91+0.91 19.18+0.92 16,37+0.83%

Ash 8.30+0.72 7.20+=0.46 4.42+0.89%*

Total sugar 9.86+0.11 6.09+0.25% 3.34+0.68+%

Cellulose 37.81+0.90 41.20+0.76* 37.18+0.57

Fats 2.73+0.03 3.81+0.09%* 3.81+0.26%
Ascorbic acid, mg/100 g 211.31+4.1 105.15=+0.7* 37.88=1.87%

Tannins 6.59+0.11 2.73+0.24% 9.01+0.61%

Carotene, mg/100 g 2.51 +0.07 1.37+0.04 0.77+0.01%*

Phosphorus 0.51+0.001 0.15+0.006% 0.48+0.06

Calcium 6.59+0.11 2.73+0.24% 2.7%+0.15%
Potassium, mg/100 g 1486.8+94 2607.4+94.6% 1126.8+121.4

Note: here and thereafter * — P < 0.05 in comparison with 1-year-old plants.

13 exceed 1% . The main components are:
pinocamphone — 53.73% , isopinocamphone —
4.66% , myrtenol — 9.35% , camphor —3.86% .

Hyssop oil also displays homo myrtenol,
oa-thujene, B-bourbonene, neral, geranial,
eugenol, terpinen-4-ol and other substances,
the amount of which constituted from 0.01 to
0.9% (Table 2).

In hyssop oil obtained from 3-year-old
plants 30 components have been identified,
among which dominated 6 components:
isopinocamphone (44.43%), pinocamphone
(35.49%), myrtenol (5.26% ), germacrene D
(3.15%), pulegone (2.93%), biciclogermacrene
(1.35%). There were also detected (from
0.01 to 1%): B-pinene, myrcene, limonene,
B-phellandrene, cis-ocimene, myrtenal,
bicicloelemen, B-bourbonene, B-caryophyllene
and other substances (Table 2).

Study of the hyssop optimal harvest dates
in conditions of Ukrainian Polissia allows
to determine the terms, when the maximum
of essential oil can be obtained. Its highest
yield has been achieved at the blooming stage
(0.72%), and the lowest — at the ripening
stage (0.29%) (Fig. 3).

The present analysis of hyssop oil
extracted from plants at the vegetative stage
has detected 25 components, among which
dominated monocyclic sesquiterpenes —
elemol (33.25%), germacrene D (21.59%),
biciclogermacrene (15.78%).

The given analysis has also identified
bicyclic sesquiterpenes — B-caryophyllene
(8.83%), humulene (1.68%), tricyclic
sesquiterpenes — aromadendrene (3.68%),
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isomer of tertiary sesquiterpene alcohol —
eudesmol (1.43%), etc. These compounds
are used in perfumery as aromatic and
aroma fixing substances, in medicine as
antihelminthics.

In hyssop oil, obtained from plants at
the budding stage, 32 components have
been identified with a high amount of
pinocamphone — 70.42% . There is also
isopinocamphone — 4.31%, germacrene D —
3.96% , elemol — 3.51%, myrtenol — 3.31%,
pinokarvon — 2.87%, biciclogermacrene —
2.50% and other compounds (Table 3).

%
0.8
0,69 071
0,65
0,7
0,6 i
0,5
04 -
0,29*
0,3
0,2
0
Vegetation Budding Blooming Ripening
(sprouting)

Fig. 3. Yield of hyssop oil from plants at the vege-
tative stage cultivated in Ukrainian Polissia
(% on a dry matter basis; * — P < 0.05 in
comparison with the vegetation (sprouting) stage)




Experimental articles

Table 2. Composition of H. officinalis essential oil at the blooming stage in relation to plant age

The component amount,%

N Component 1-year-old plants 3-year-old plants
1 Pinocamphone 53.73=3.00 35.49+2.49%*
2 Isopinocamphone 4.66+0.44 44.43+3.38%
3 Myrtenol 9.35+1.11 5.26+0.73%
4 Pulegone 0 2.93+0.25
5 Biciclogermacren 0.63+0.08 1.35+0.07*
6 Phenylacetaldehyde 3.07=0.19 0
7 B-Thujene 1.48+0.07 0.15+0.03*
8 Camphor 3.86+0.44 0
9 Methyleugenol 1.16=0.09 0.14+0.03*
10 Spathulenol 1.95+0.28 0.19=+0.03*
11 Terpinen-4-ol 1.30+0.30 0
12 o-Terpineol 1.66+0.21 0
13 Epoxy linalyl acetate 1.73+0.22 0
14 Viridiflorol 2.25+0.11 0.06+0.007*
15 Sabinene 0.05+0.006 0.22=+0.07
16 B-Pinene 0.05+0.008 0.97+0.06*
17 Myrcene 0.15+0.03 0.50=0.024%*
18 Limonene 0.09+0.005 0.25%=0.03%
19 B-Phellandrene 0.17+0.02 0.64=+0.05*

20 Cis-ocimene 0.17+0.03 0.22+0.03

21 Trans-sabinene hydrate 0.01+0.004 0.07=0.009*

22 Linalool 0.16+0.03 0.66=0.08+*

23 Myrtenal 0.12+0.03 0.19=+0.02

24 Neral 0.08+0.008 0.04+0.004*

25 Mertenil acetate 0 0.06=0.005

26 Bicicloelemen 0 0.38+0.05
27 B-Bourbonene 0.39+0.05 0.48=+0.07
28 B-Elemene 0 0.10+0.007
29 o-Gurjunene 0 0.13+0.03
30 B-Caryophyllene 0.22+0.05 0.54=+0.05%
31 Allo-aromandendrene 0 0.28+0.04
32 Elemol 0.43+0.08 0.12+0.03*
33 Ledol 0.16=0.02 0.09=+0.005*
34 o-Kadinol 0 0.04=0.003
35 Terpinolene 0.01+0.004 0
36 a-Thujone 0.27+0.04 0
37 Homo myrtenol 0.34+0.05 0
38 1(7).4.8-0-Mentatriene 0.35%+0.06 0
39 Borneol 0.08+0.004 0
40 Aromadendrene 0.34+0.04 0
41 Germacrene D 1.36+0.14 3.15+0.14*
42 Globulol 0.99=+0.05 0
43 B-Eudesmol 0.17+0.02 0
44 1-Octene-3-ol 0.07=0.007 0
45 Methylchavicol 0.03+0.006 0
46 Geranial 0.07=0.007 0
47 Heranil acetate 0.02+0.005 0
48 Eugenol 0.58+0.07 0
49 Cis-jasmone 0.02+0.003 0
50 Caryophyllene oxide 0.28=+0.06 0
51 Humulene 0.01+0.001 0
52 Trans-linalool oxide 0.25+0.03 0
53 Epoxy linalyl acetate 1.73+0.22 0
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Table 3. Composition of H. officinalis essential oil with reference to the vegetation stage

Component amount depending on the vegetation stage,%

Component vegetation (sprouting) budding blooming ripening
Linalool 0.64=+0.08 0.68+0.08 0.66+0.07 0
Terpinen-4-ol 0.30+0.02 0 0 0
a-Terpineol 0.90=+0.06 0.32+0.06* 0 0.12+0.01*
Myrtenol 0.50=+0.02 3.31+0.54%* 5.26+0.11%* 0.47=0.05
Geraniol 0.71+0.04 0 0 0
Bicicloelemen 1.51+0.1 0.21+0.05* 0.38+0.04* 1.01+0.05*
B-Bourbonene 1.69+0.1 0.65+0.06* 0.48+0.03* 0.52+0.03*
B-Elemene 0.65=+0.07 0 0.10+0.03* 0
a-Gurjunene 0.82+0.08 0 0.13+0.03%* 0
B-Caryophyllene 8.83+0.9 1.50=+0.34%* 0.54+0.05% 0
B-Kubeben 0.43%+0.05 0 0 0.21+0.03*
Humulene 1.68+0.10 0.40+0.06* 0 0
Aromadendrene 3.68+0.43 0.37+0.06* 0 1.19+0.23*
Germacrene D 21.59+1.63 3.96=+0.54* 0.15+0.03*% 5.86+0.31*
Biciclogermacren 15.78+1.05 2.50+0.41 1.35+0.07 10.30=+1.04
o-Amorphen 0.38+0.04 0 0 0
Elemol 33.25+1.82 3.51+0.10%* 0.12+0.03* 44.46+1.59*
Globulol 0.71=+0.07 0.16+0.03* 0 0
Viridiflorol 0.72%+0.06 0 0.06=0.005* 0.46+0.03*
Spathulenol 0.52+0.02 0.21+0.03* 0.19+0.04* 4.36+0.81*
Ledol 0.94+0.10 0.16+0.02% 0.09+0.003* 0
y-Eudesmol 1.07+0.06 0 0 3.92+0.19*
a-Kadinol 0.46=+0.05 0.19+0.03* 0.04+0.02% 0
a-Eudesmol 0.82+0.08 0 0 4.04+0.69*
B-Eudesmol 1.43=+0.1 0.23+0.05% 0 4.34+0.64*
Cis-3-Hexen-1-ol 0 0.13+0.03 0 0
B-Pinene 0 0.19+0.03 0.97+0.05%* 0
Myrcene 0 0.15+0.02 0.50+0.04%* 0
Limonene 0 0.11+0.03 0.25+0.03%* 0
B-Phellandrene 0 0.13+0.03 0.64=+0.05%* 0
Trans-ocimene 0 0.08+0.005 0 0
Cis-ocimene 0 0.47+0.04 0.22+0.03%* 0
Trans-sabinene hydrate 0 0.12+0.05 0.07+0.004 0
B-Thujone 0 0.48+0.05 0.15%+0.02%* 0
Phenylacetaldehyde 0 0.24+0.05 0 0
Pinokarveol 0 0.17+0.03 0 0
Pinocamphone 0 70.42+3.54 35.49+2.36%* 0.09+0.003%*
Isopinocamphone 0 4.31+0.23 44.43+2.42%% 0.06+0.005%*
Pinokarvon 0 2.87+0.34 0 0
Methylchavicol 0 0.24+0.05 0 0
1.6-Germacradien-5-ol 0 0.13+0.04 0 0
Krypton 0 0 0 0.07+0.003
Anisic acid methyl ester 0 0 0 0.35=0.05
B-Caryophyllene 0 0 0 0.81+0.08
Isoelemol 0 0 0 1.22+0.14
Caryophyllene oxide 0 0 0 0.93+0.05
Pulegone 0 0 2.93+0.42 0
Methyleugenol 0 0 0.14+0.02 0
Sabinene 0 0 0.22+0.04 0
Myrtenal 0 0 0.19+0.03 0
Neral 0 0 0.04=0.004 0
Mertenil acetate 0 0 0.06=0.002 0
Alloaromadendren 0 0 0.28+0.03 0

Note: * — P < 0.05 compared with the sprouting stage, ** — with the budding stage.
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In the blooming stage there have been
identified 30 components with high amounts of
isopinocamphone and pinocamphone 44.43%
and 35.49%), somewhat lower is the content
of myrtenol (5.26%), pulegone (2.93%),
biciclogermacrene (1.35%).

The dominant constituents of hyssop oil
at the ripening stage are: elemol (44.46%),
biciclogermacrene (10.30% ), germacrene D
(5.86%), spathulenol (4.36%), B-eudesmol
(4.34%), a-eudesmol (4.04%), y-eudesmol
(3.92%). The total number of identified
compounds is 21 (Table 3).

The quality of hyssop oil is known to
depend on the ratio of the main components —
pinocamphone and isopinocamphone,
the total amount of which should exceed
55% . The abovementioned compounds are
monoterpene ketones, which are characterized
by a considerable biological activity and have
anticeptic, anti-inflammatory, sudorific,
antihelminthic, tonic, wound healing, and in
case of overdosing — toxic properties [24].

In different growing conditions, the total
content of pinocamphone and isopinocamphone,
detected in hyssop oil, is: in Spain — 44.33
[8], Serbia — 57.0, Western Himalayas —
49.7-57.719], Moldova — 58.47[12], Poland —
83.4% of the total oil content [11].

At the budding and blooming stages,
the total content of pinocamphone and
isopinocamphone in the plants, introduced in
Ukrainian Polissia, constitutes 70.42% and
74.73% of the total oil content, which testifies
to favorable growing conditions. It should
be noted that the total content of the above
components in 1-year-old plants was 58.39%,
and in 3-year-olds — 79.92%.

Plants at the vegetative stage
have displayed no pinocamphone and
isopinocamphone, and the ripening stage
is characterized only by traces of these
compounds (0.09 and 0.06%). Thus, these
stages are favorable for collecting raw material
to be used in potential preparations for internal
usage, because they exert no toxic effect.

Hyssop phyto material cultivated in
Ukrainian Polissia is a source of vitamins,
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KOB cOopa 1 HallpaBJeHUN MCIIOJb30BAHUSI (PUTO-
CHIPbS.



Experimental articles

CupoBuny 36upanu B pisHi aszu po3BUTKY
pOCJIMH: BereTaTUBHOTO POCTy, OyTOHi3aIii, 1Bi-
TiHHA Ta IJIoAOHOINeHHA. s aHANI3y CKJIanxy
BUKOPUCTOBYBAJMU HAA3eMHY YaCTHUHY POCJIUH.
Busuauaam abCONIOTHO CYXY PEUOBUHY IILIAXOM
BUCYIITYBaHHA 3paskiB 3a 105 °C mo mocriiinoi
MacHu, «CUPY» KJIITKOBUHY, BMIiCT IPOTeiHy, KU-
piB, KaabIilo, Kajximo, gochopy, ackopbiHOBOIL
KHCJOTH, KAPOTUHY, BOAOPO3UYMHHUX IIYKPiB i
IyOMIbHUX PeYOBUH, edipHOI oii.

BcTaHoBJI€HO, 110 B OHTOTEHE3i pocamH Ma-
coBa JacTKa e(dipHoi oJril, BuIiIeHa 3 HAA3eMHOI
vyactunu H. officinalis, 3BHUKyeThCA HEiCTOTHO:
BuXig edipHOI 0JIii y pOCIMH MEPIIIOTO POKY JKUT-
Ts1 cragoBuB 1,007%, apyroro — 0,78%, Tpe-
50710 — 0,71% . ¥ POCIUH IEePIIOTO POKY KUTTS
y ckaani edipuoi oii BusaBiaeHo 46 KOMIIOHEH-
TiB, cepea AKUX AOMiHYBaJu: IiHOKaM(MOH —
53,73% , isoninokamdpon — 4,66% , mipTeHOJ —
9,35%, xrampopa — 3,86% . B edipuiit oxii
H. officinalis TpeTboro poxky KHUTTs igeHTHDi-
kKoBaHo 30 KOMIIOHEHTiB, cepeJ] AKUX IepeBaKa-
au: isominoxampon — 44,43% , mimokaMpoH —
35,49% , miprenon — 5,26% , repmakpesn D —
3,15%, mymerom — 2,93%, OGimukJgorepma-
Kpen — 1,35%.

Bigsmaueno 3MiHy KiJbKicHOro Ta AKicHO-
ro crJyany edipuoi oxii H. officinalis yupomoB:x
BererariiHoro mepiony. ¥ ¢asi BereTraTuBHOTO
pocty imenTudikoBamo 25 CIOIYK, cepen SKUX
mominysanu exemosn — 33,25% , repmakpen D —
21,59% , 6imukaorepmakpes — 15,78% . ¥V ¢asi
nBiTinug izenTudikosano 30 KOMIOHEHTIiB, 3a-
¢dixcoBaHO BUCOKUU BMicT izomiHoKamM@oOHY Ta
minoxkampony — 44,43% i 35,49% ), mero HUXK-
yuit — miprenony — 5,26% , mymaerony — 2,93%,
oimuraorepmaxkperny — 1,35% . Ilix wac miromoso-
meHHd izeHTH(iK0BaHO 21 CIONYKY 3 JOMiHYBaH-
HAM ejqemony — 44,46% , 6iuKIorepMaKpeny —
10,30% , repmakpeny D —5,86% , crrarynenony —
4,36% , B-eBgecmony — 4,34% , a-eBEecMony —
4,04%, y-eBmecmoiuy — 3,92%.

3p006JIeHO BUCHOBOK IIPO MOIiJIbHICTH BUKOPHU-
CTaHHSA POCJIMHHOI CHPOBUHHU TiCOITy JIIKAPCHKOTO
MEePIIOTO POKY KUTTSA Y XapUOBill IIPOMUCJIOBOCTI,
a 'y (asi nBiTiHHSI — y KocMeToJIorii Ta mapdymepii.

Knrouoeicnosa: Hyssopus officinalis, 6iosmoriuno
aKTUBHI peyoBWHU, edipHa oJsisg, minoram@oH,
isominokampoH.

Cripbe cobupasiu B pasHbie (ha3bl Pa3BUTUA
pacTeHUii: BereTaTUBHOTO pocTa, OYTOHU3AINH,
I[BEeTeHUS U ILJIOJOHOIIeHuA. {15 aHaimusa cocra-
Ba KMCIOJIb30BAJM HAaJ3€MHYIO YaCTh PACTEHUIA.
Omnpenenanu abCOJMIOTHO CYXO0€e BeIecTBO IIyTeM
BRICYyIIHBaHUs 00pasioB mpu 105 °C go mocToaH-
HOM Macchl, «CHIPYIO» KJIETUATKY, COAep:KaHme
OpoTenHa, *KUPOB, KaJablud, Kaaud, pocgopa,
aCKOPOMHOBOM KICJIOTHI, KAPOTHHA, BOJAOPACTBO-
PUMBIX CaXapoB U NyOUIbHBIX BEIECTB, 3(DUPHOTO
MacJja.

YcTaHOBIEHO, UTO B OHTOTEeHEe3e pPacTeHUi
MaccoBasi JoJyis1 3UPHOTO MAcJa, BBIIEJIEHHOTO
u3 "Hagsemuoi wactu H. officinalis, cunxaercs
HE3HAUMUTEJbHO: BBIXOJ 3()UPHOTO Macja y pac-
TeHU# mepBoro rojga usuu cocrasasaa 1,007%,
BToporo — 0,78%, tperbero — 0,71% . ¥ pac-
TeHUU IIEPBOTO rojia *KU3HU B COCTaBe 3(pMPHOTO
MacJsa ob6HapyKeHo 46 KOMIOHEHTOB, Cpeau KO-
TOPBIX JOMHHHPOBAAMN: NUHOKaM®poH —53,73%,
nsonuHoxkampon — 4,66% , muprenoa — 9,35%,
kamdopa — 3,86% . B adupuom macae H. offi-
cinalis TpeTbero rofa JKU3HU UAeHTUMOUIINPOBAHO
30 KOMIIOHEHTOB, CPeAr KOTOPBIX IIPeobaagasr:

nsdonuHokampon — 44,43% , nmuHOKAMPOH —
35,49% , muprenonr — 5,26% , repmakpen D —
3,15% , nyneron — 2,93%, Oumukaorepma-

Kperx — 1,35%.

OTMeueHO H3MeHeHNEe KOJMYEeCTBEHHOI'O
¥ KayeCTBEHHOr'o cocraBa s(upHOro macJua H.
officinalis B TeueHUe BeTeTAI[MOHHOTO TIePUOLIA.
Bo Bpemsa ¢asnl BereTaTuBHOTO POCTa UAEHTUDU-
IUPOBAHO 25 coefUHEHNIT, Cpequ KOTOPBIX JOMIU-
HuUpoBaau sjaemon — 33,25%, repmakper D —
21,59% , ouniukaorepmakpesr 15,78% . B reuenue
dassl BeTeHUA unenTuduinposano 30 KomIo-
HEHTOB, OTMEYEHO BBICOKOE COIePIKaHIe N30IINHO-
kaMm@oHa u nuHoKaMm@pona — 44,43% u 35,49%,
HECKOJIbKO HUKe — MupTeHoaa — 5,26% , myie-
roHa (2,93% ) u 6unukaorepmakpena — 1,35%.
Bo Bpemsa IIOZOHOIIEHUSI UAeHTU(MUIXPOBAHO
21 coemuHeHue ¢ mpeobjagaHHEM dJeMOJa —
44,46% , ounukaorepmaxkpena — 10,30% , rep-
makpea D — 5,86%, cnarynenona — 4,36%,
o-aBmecmosia — 4,04% , B-spmecmosia — 4,34% u
y-sBIecmona — 3,92%.

Cresas BBIBOJ O 11€J1€CO00Pa3HOCTH UCIIOIb30-
BAHWS PACTUTEJIBHOI'O ChIPhS MCCOIA JIEKAPCTBEH-
HOT'O IIEPBOr0 roja KU3HU B MUINEBONA IIPOMBIIII-
JIEHHOCTH, a B (pase I[BeTeHUsI — B KOCMETOJIOT MU
u nappoMepun.

Knrwouesste cnosa: Hyssopus officinalis, 6uoJio-

TMYeCKU aKTHUBHBIE BelllecTBa, d()HUPHOe MacJo,
NUHOKaM(OH, N30IINHOKAM(OH.
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