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Economic valuable traits of promising breeding samples
and ‘Chornolysta’ variety of Mentha piperita L.
after in vitro sanitation and micropropagation
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Purpose. To study the impact of clonal micropropagation and sanitation in vitro by viricide Ribavirin on ex vitro plant
productivity, quantitative content and qualitative composition of peppermint essential oil components obtained from four
breeding samples of peppermint plants (Mentha piperita L.) and the ‘Chornolysta’ variety. Methods. The study used methods
of field agrotechnical one-factor experiment, essential oil distillation with water vapor according to the Ginzberg method,
capillary gas chromatography and statistical analysis. Results. Due to the sanitation process in vitro, the yield of air-dried
leaves of breeding samples increased by 2.9-7.1%, the ‘Chornolysta’ variety by 51.4% and rhizomes by 2.2-3.8% and 28.5%
respectively, which amounted 0.35-2.74 t/ha. A significant increase of essential oil yield of breeding samples from 4.0 to
9.9 kg/ha was shown, and of the ‘Chornolysta’ variety — up to 28.6 kg/ha. After in vitro sanitation and clonal micropropa-
gation of the breeding sample M 01-12, the content of essential oil was more than 4%. The following components of pep-
permint essential oil were identified: limonene, cineole, menton, mentofuran, isomenton, menthyl acetate, -caryophyllene,
isomenthol, menthol, pulegon, piperitone and carvone. A clear tendency to a decrease in the amount of menton and isomen-
thol with isomenton and menthol increase in plants, sanitated and propagated in vitro, was revealed. Conclusions. The use
of tissue and organ culture methods and in vitro sanitation improves the qualitative composition of terpenoids by increas-
ing the amount of menthol and menton reducing. The data obtained on the composition of terpenoids should be considered
in peppermint selection as one of the integral criteria, which should be included in the list of economically valuable char-
acteristics of peppermint plants, such as foliage, biomass of air-dried leaves, plant rhizomes and the amount of peppermint
essential oil. Six indicators of the essential oil of the breeding sample M 01-02, namely citric acid, cineole, mentofuran,
isomentone, pulegon, carvone, as well as the cineole / limonene ratio, meet the criteria of the European Pharmacopoeia, so
it can be considered as promising for cultivation among the studied samples.
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Introduction

Peppermint (Mentha piperita L.) is a valua-
ble medicinal essential oil culture that is wide-
ly used in medicine, chemical, pharmaceutical,
perfumery, cosmetics, food and other indus-
tries. Plants are the source for obtaining phar-
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active substances (BAS) [1]. Herbal medicinal
raw materials of peppermint are leaves, essen-
tial oil and its components. Oil (Menthae piper-
itae oleum) and its main component menthol
are the part of phyto-collections and about 40
combined medicines of domestic and foreign
origin. A herb (Herba Menthae Dpiperitae),
leaves (Folia Menthae piperitae) and pepper-
mint essential oil are used in medicines manu-
facturing. Peppermint herb contains about 3%
of essential oil (inflorescences — up to 6%,
stems — 0.4%, leaves — up to 4.8%) [2]. A pe-
culiarity of peppermint, as an essential oil
plant, is the presence of secretory structures
located on the leaves, shoots and rhizomes of
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the plant, which secrete essential oil, the main
components of which are monoterpenes. Ac-
cording to the State Register of Medicines of
Ukraine, about 70 pharmaceuticals contain
menthol [3]. According to the available data,
about 100 biologically active substances (BAS)
have been identified in the mint essential oil,
among which menthol is predominant [1]. Ac-
cording to the requirements of the European
Pharmacopoeia (EP), peppermint essential oil
should contain: limonene — 1.0-5.0%, cineole —
3.5—-14.0%, menthone — 14.0-32.0%, mentof-
uran — 1.0-9.0%, isomentone — 1.5-10.0%,
menthyl acetate — 2.8-10.0%, menthol — 30.0—
55.0%, pulegon — 4.0%, carvone — 1.0% and
isopulegon — 0.2% [4].

The content of the essential oil depends on
the varietal characteristics, time of harvesting
[5], age of the plant [6], conditions of agricul-
tural technology [7], climatic and environmen-
tal factors [8]. In addition, the quantitative
and qualitative composition of the oil fluctu-
ates significantly along the growing season [9].

Peppermint plants are affected by fungi,
bacteria and viruses, which causes a decrease
in yield, the amount of BAS and the quality of
medicinal raw materials, often causing the
death of crops of valuable genotypes [10]. The
peppermint is of hybrid origin and its varieties
are recommended for vegetative propagation
only, since the seed does not reproduce the pa-
rent form, a decrease in its productivity is ob-
served during prolonged cultivation. Even in
conditions of well-maintained nursery manage-
ment, the accumulation and transfer of patho-
gens with planting material occurs.

In order to meet the needs of the pharmaceu-
tical market in high quality raw materials, it is
important to maintain at optimum level qualita-
tive and quantitative indicators of cultivated
varieties, namely yield, total leaves density, the
amount of essential oil and its major compo-
nents, in particular menthol. Now, one of the
most effective ways for obtaining quality raw
materials is to improve varietal material by the
technique of apical meristem and chemotherapy,
based on explants in vitro cultivation on nutri-
ent media with antivirals and growth regula-
tors [11]. The effect of growth regulators on the
concentration, yield and components of mint
essential oil is known [12-14].

In the State register of plant varieties valu-
able for cultivation in Ukraine for 2019, 5 vari-
eties of peppermint were included [15]. With
the exception of the ‘Lada’ variety, the rest of
them were created 10 years or more ago. An-
thropogenic and environmental factors of the
environment cause the extinction and “degene-
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ration” of cultivated peppermint varieties. Con-
sidering the polymorphism of morphological
features and component composition of the es-
sential oil and the accumulation of pathogens
during vegetative propagation, the method of
clonal micropropagation for peppermint culture
is promising for rapid reproduction of geneti-
cally valuable varieties, breeding specimens
and plant sanitation after pathogens influence.

The relevance of this work lies in the sys-
tematic study of the effect of plant sanitation
in the conditions of clonal micropropagation in
vitro on the industrial indicators and composi-
tion of terpenoids in the essential oil of per-
spective peppermint samples.

The purpose of the research is to study the
effect of clonal micropropagation and sanita-
tion of peppermint (Mentha piperita L.) plants
in vitro by Ribavirin virocide on the producti-
vity of ex vitro plants, the quantitative content
and qualitative composition of the components
of mint essential oil obtained from four bree-
ding specimens and the ‘Chornolysta’ variety.

Materials and methods

Four breeding samples of peppermint plants
and the ‘Chornolysta’ variety, provided by the
Experimental Station of Medicinal Plants of
the Institute of Agroecology and Environment
of the NAAS of Ukraine, which were tested at
the final stage of the breeding process and
obtained samples of their essential oil were
selected as objects of study. The ‘Chornolysta’
variety in the pharmaceutical industry is reco-
gnized as a medical standard [16].

The methods of in vitro culture of isolated tis-
sues and organs and chemotherapy were used for
peppermint plants sanitation. For introduction
to the culture and micropropagation of plant ex-
plants modified Murashige and Skoog (MS) nu-
trient media with growth regulators (0.75 mg/1
6-benzylaminopurine, 0.1 mg/l of adenine,
0.05 mg/l of indolyl-3-acetic acid, 0.5 mg/l
of gibberellic acid) and for one passage of Riba-
virin (1-B-D-ribofuranosyl-1,2,4-triazole-3-carbo-
xamide, Sigma-Aldrich, USA) at a concentra-
tion of 10 mg/1 [17 ] were used.

Along 2015-2017 annually in the field, five
experiments were planted in the seedling
method in four repetitions in vil. Beresotocha
in the Lubenskyi district of Poltava region at
the territory of the Experimental station of
medicinal plants of the Institute of Agro-ecolo-
gy and Environment of the National Academy
of Agrarian Sciences of Ukraine, in which they
tested the variety of peppermint ‘Chornolysta’
and four promising breeding samples. Vegeta-
tively propagated and not sanitized plants
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served as a reference for sanitized by clonal
micropropagation and in vitro chemotherapy
experimental planting material. The mint
seedlings used to set up the experiments cor-
responded to the standards of the normative
document [18]. Evaluation was carried out du-
ring the period of technical suitability for plant-
ing in branching phase (second decade of May).

The plots were of five-rows. The length of one
row was 10 m, the total area of the plot was
23 m?. The distance between the plants was 20
cm (250 plants per plot). Protective strips were
laid with the same selection sample or variety
that was tested in the experiment. The lateral
protective strips were 0.9 m (2 rows), the length
of the protective stripe before and after the ex-
periment was 2 m. Plants were selected on each
plot using the linear meter method to determine
leaves number, yield and chemical components of
the essential oil [19]. The plant raw materials for
the production of essential oil were taken in com-
pliance with the deadlines determined by the
technological regulations for peppermint in the
mass flowering phase [18]. Leaves density was
calculated as the ratio of the mass of the leaves
to the total mint mass. The yield of rhizomes was
evaluated in the autumn after the end of the
growing season in that part of the area where
the aboveground mass was not harvested, since
its cutting worsens the quality indicators of rhi-
zomes due to the outflow of nutrients as a result
of the after-grass growth. Dug out rhizomes
were separated from the mother plant, weighed
and recalculated per hectare (t/ha).

Essential oil from peppermint herb was ob-
tained by distillation with water vapor accord-
ing to the method of Ginsberg [20]. The ob-
tained mint oil was stored in the refrigerator
at 4 °C. The analysis of the essential oil com-
ponents was performed by capillary gas chro-
matography on an Agilent 7890A chromato-
graph with a flame ionization detector with
automatic sample entry. Column: DB-WAX
(Agilent) 60 m x 0.25 mm, fixed phase macrogol
20000 (0.25 pm). Carrier gas: helium 1.5 ml/min,
flow separation 1:50. For chromatography, 25 nul
of the essential oil was dissolved in 1.5 ml of
n-hexane, injection volume: 1.0 ul. Chromatog-
raphy program: the column temperature was
maintained at 70 °C for 15 min, then the tem-
perature was raised to 240 °C for 85 min and
maintained for 5 min at 240 °C; sample input
temperature — 250 °C, detector temperature —
270 °C.

Identification of the biochemical components
was performed by comparing the chromato-
grams with a typical mint oil chromatogram,
which was in accordance with EF standards [4].

426

The percentages of the components were calcu-
lated by internal normalization, the composi-
tion of the essential oil was analyzed, and the
results were compared with the corresponding
intact plants.

The text and tables show the arithmetic
mean values (n = 10) and their standard errors
(x = SE). The results were processed statisti-
cally using the program Statistica 10.0. One-
way variance analysis was used; differences
between the mean values were calculated by
the ANOVA method.

Results

The key features of the economic value of
breeding samples and zoned peppermint varie-
ties are the yield of above ground mass and
rhizomes and the content of essential oil. It is
these two components that determine the yield
of essential oil per unit area and is the basis
for the formation of the quantity and quality
of the obtained products. An important fea-
ture on which the process of propagation and
cultivation of a variety in production depends
is the yield of rhizomes. In the experiments,
the sanitation effect of the peppermint sam-
ples on the biochemical parameters was evalu-
ated by the method of in vitro isolated tissues
and organs cultivation (Table 1).

In the experimental variants, the yield of
air-dry leaves after sanitation and micropropa-
gation in vitro increased from 2.9 to 51.4%.
However, it should be noted that promising
breeding samples, even without in vitro cul-
ture, were characterized by high yields of air-
dried leaves, which exceeded the ‘Chornolysta’
variety (reference) by 92.1-110%. Due to the
improvement, the plant yields of the breeding
samples exceeded Chornolista by 30.7-48.6%.
The sanitation did not significantly affect the
number of air-dried leaves obtained from
breeding specimens, as their productivity in-
creased by only 2.9-7.1%.

The yield of rhizomes in sanitised pepper-
mint plants was higher by 2.2-28.5%. The
maximum increase of this index was deter-
mined in the variety ‘Chornolista’ (P < 0.01),
in the breeding samples M 01-02 and M 01-12
the yield of rhizomes significantly increased (P
<0.05), and in the sample M 01-04 the increase
was minimal — 2.2%. The rhizome yield in-
creased from 0.35 t to 2.74 t/ha.

The growth of yield indicators after the
sanitation and micropropagation in vitro
caused the accumulation of the amount of es-
sential oil obtained in breeding samples from
4.0 to 9.9 kg/ha, and in the variety ‘Chorno-
lysta’ — up to 28.6 kg/ha, that amounted 4.1-
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Table 1

Indicators of economically valuable traits of peppermint samples under conditions
of using clonal micropropagation and in vitro sanitation (2015-2017)

Sample, Vari Yield, t/ha Leaves Essential oil | Essential oil
. ariant - - . X
variety Air-dry leaves | Rhisomes | density, % | content, % yield kg/ha
M 01-02 (efe.rence group 2.69+0.06 20.4+0.23 57 3.68+0.14 99.0
n vitro 2.77+£0.07** | 21.1+0.26* 60 3.73+0.13 103.3
M 01-03 (efe]'ence group 2.74+0.07 24.840.31 55 3.61+0.11 98.9
n vitro 2,80+0,06* | 25.4+0.37 57 3.65+0.12 102.9
M 01-04 (eference group 2,87+0,06 13.9+0.17 55 3.82+0.18 109.6
n vitro 2.99+0.08** | 14.2+0.20 57 3.89+0.14 116.3
M 01-12 (efe.rence group 2.94+0.06 13.1+0.19 59 3.97+0.18 116.7
in vitro 3.15+0.07** | 13.6+0.20* 62 4.02+0.19 126.6
‘Chomolysta’ (efe}'ence group 1.41+0.03 9.6+0.16 33 3.76+0.15 52.6
in vitro 2.12+0.04** | 12.3+0.18** 49 3.83+0.16 81.2

Note. Reference group - vegetatively propagated plants; in vitro — plants were sanitized and propa-

gated in vitro (* P < 0.05; ** P <0.01)

8.5% for breeding specimens and 54.4% for
the ‘Chornolysta’ variety.

The leaves density of vegetatively propagat-
ed breeding samples was in the range of 55—
59%, after sanitation and clonal reproduction
increased by 2-3%. Particular note is the
breeding specimen M 01-12, which after in
vitro sanitation, made up to 62% of leaves den-
sity. In the crop structure of the aboveground
part of vegetatively propagated plants of the
‘Chornolista’ variety, the leaves make up only
33%, and after the sanitation in vitro, this
indicator increased significantly by 16%.
Among the studied samples of peppermint for
the content of essential oil, a high index of
4.02% was detected in the selection sample
M 01-12 after in vitro culture (Table 1).

Within the composition of peppermint es-
sential oil limonene, cineole, menthone, mento-

furan, isomentone, menthyl acetate, P-caryo-
phyllene, isomenthol, menthol, pulegon, piperi-
tone and carvone were identified by capillary
gas chromatography (Table 2).

According to the obtained data, the maxi-
mum content of menthol, as the main marker
component of essential oil, contain plants of the
‘Chornolysta’ variety — 30.7-33.3% and the se-
lection sample M 01-02 — 28.6-29.4% (Fig. 1-4).

In the samples of essential oil of vegetatively
propagated plants and after in vitro sanitation,
the amount of menthol was from 15.4 to 33.3%,
mentone to 15.1-50.9%. According to the results
of the chromatographic analysis, an increase in
the total amount of menthone, menthol, isomen-
ton and isomenthol in essential oil of healed pep-
permint plants in culture was observed.

Limonene is the precursor of the main com-
ponents and its concentration in the essential

Table 2
The component composition of the essential oil obtained from vegetatively propagated
and sanitized breeding samples and the variety of peppermint ‘Chornolysta’ (%)
. Sample/Variety
Essential oil components StandEaF:dO/ratws M 01-02 M 01-03 M 01-04 M01-12 ‘Chornolysta’
P VP |invitro| VP |invitro| VP |invitro| VP |invitro| VP |invitro

Limonene 1.0-5.0 1.0 08 |11 10 |09 )| 07 |08 | 1.2 | 1.1 | 1.0
Cineole 3.5-14.0 50 | 44 | 21| 2.4 | 3.4 | 3.0 | 28 | 28 | 3.8 | 3.1
Menthone 14.0-32.0 33.9 | 36.9 | 15.1 | 17.0 | 33.6 | 50.9 | 37.4 | 18.4 | 23.5 | 21.8
Mentofuran 1.0-9.0 32 | 34 | 84 | 50 |70 | 48 | 53 6.7 | 4.8 | 45
Isomentone 1.5-10.0 59 | 7.1 (216 | 26.1 | 5.8 | 6.8 | 6.2 | 18.7 | 4.0 | 3.3
Menthyl Acetate 2.8-10.0 26 | 1.6 | 53 | 3.3 |11.2| 3.5 | 88 | 6.2 | 3.0 | 2.9
B-caryophyllene - 0.2 0.2 | 08| 1.0 |06 | 1.1 | 0.7 | 0.8 | 1.0 | 1.6
Isomenthol - 6.5 | 5.8 | 2.1 | 1.6 2.4 | 1.4 | 2.1 | 1.6 6.5 | 6.4
Menthol 30.0-55.0 28.6 | 29.4 | 19.7 | 22.4 | 25.7 | 15.4 | 21.8 | 27.2 | 30.7 | 33.3
Pulegon to 4.0 31 19 |11.3| 86 | 41 | 6.3 | 9.2 | 10.7 | 11.1 | 11.9
Piperitone - 01,02 03|04 03] 05 |04)] 03] 04, 04
Carvone to 1.0 0.2 01 05| 05 00| 01|00 04 |06 0.9
Other Compounds - 9.7 | 84 |11.7]10.8 | 49 | 5.6 | 45 | 5.0 | 9.5 | 8.9
Cineole / Limonene more than2.0| 5.0 | 5.8 | 2.0 | 2.4 | 3.9 | 43 | 3.5 | 23 | 35| 3.1

Note. VP - vegetatively propagated plants; in vitro — sanitized plants.
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Fig. 1. Chromatogram of peppermint essential oil compounds of breeding sample M 01-02
before in vitro sanitation and reproduction
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Fig. 2. Chromatogram of peppermint essential oil compounds of breeding sample M 01-02
after in vitro sanitation and reproduction
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Fig. 3. Chromatogram of essential oil compounds of peppermint ‘Chornolysta’
variety leaves before in vitro sanitation and reproduction

oil samples after plant sanitation and clonal mic- 1.8-cineole, which in its pure form has a cam-

ropropagation decreased by 0.1-0.4%, except phor smell and a burning taste, the essential oil
for the M 01-12 sample. By the amount of of vegetatively propagated variety M 01-02 con-
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Fig. 4. Chromatogram of essential oil compounds of peppermint ‘Chornolysta’
variety leaves after in vitro sanitation and reproduction

tains its maximum amount — 5.0 and 4.4% — in
sanitized plants. Essential oil obtained from
vegetatively propagated plants of the ‘Chorno-
lysta’ variety also meet EP standards. The cine-
ole / citric acid ratio is an integral indicator of
the quality of peppermint essential oil. Essen-
tial oil samples before and after sanitation and
in vitro micropropagation meet EP standards
(more than 2.0%), which distinguishes them
among the previously studied varieties of
Ukrainian breeding [21].

Samples of essential oil in the amount of
mentofuran, which is synthesized from pule-
gon and contained mainly in peppermint flo-
wers, meet the standards of EP too. Among the
samples of essential oil of peppermint plants
which have been healed in vitro, there is a ten-
dency for mentofuran decreasing by 0.3-3.3%,
excepting the breeding sample M 01-02.

Menthyl acetate in all samples of essential
oil meets the criteria of EP requirements, ex-
cepting varieties of samples M 01-02, which
has slightly reduced values — 2.6% in the con-
trol variant, and in plants, healed and propa-
gated in vitro — 1.6%. According to the amount
of pulegon, only the essential oil of the bree-
ding sample M 01-02 meets the standards of
EP, and in breeding samples M 01-03, M 01-04,
M 01-12 and ‘Chornolysta’ before and after
sanitation and micropropagation in vitro ex-
ceeds them.

According to the total content of marker
compounds of the mint essential oil, namely
menton, isomentone, menthol, isomenthol -
peppermint plants can be arranged in the fol-
lowing sequence: breeding samples M 01-02
(74.9-79.1%); M 01-04 (67.5—74.5%); M 01-12
(65.9-67.5%); M 01-03 (568.5—67.1%) and ‘Chor-
nolysta’ variety (64.7-64.8%).
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The amount of menthone in breeding speci-
mens M 01-02, M 01-04 and vegetatively prop-
agated M 01-12 exceeds the recommended EP
standards. Isomenton in the breeding sample
M 01-03 exceeds the norm by 2 times, and af-
ter sanitation and cloning — by 2.5 times, and
the content of menthol in all studied varieties
is less than the EP standards.

As a result of factor analysis of the main
components of the breeding peppermint sam-
ples essential oil, it was found that the first
axis of the main components is 48.25% of the
variance in the set of indicators, of which cin-
eole, B-caryophyllene, isomenthol and pulegon
were of the greatest meaning (Table 3). A slight-
ly smaller contribution to the dispersion was
made by isomentone, mentofuran and menthol.

The second axis of the major components is
28.11% of the total dispersion, which is domi-
nated by the amount of limonene, carvone,
piperitone and menthone.

The third axis (PC3) covers 14.41% of the
variance. The maximum value in it is the con-
tent of menthyl acetate. We consider it neces-
sary to evaluate significant changes in the
synthesis of isoprenoids in plants in the pro-
cess of clonal micropropagation of breeding
samples of peppermint. First of all, their im-
portant difference is the high content of men-
thone, excepting the breeding sample M 01-03.
Thus, in the variety M 01-12, the menthone
after in vitro culture decreased by 2 times —
from 37.4 to 18.4%, while in the breeding sam-
ple M 01-04 it increased — from 33.6 to 50.9%.
Menthone is relatively stable in the breeding
sample M 01-02 and the ‘Chornolysta’ variety.
Menthone biosynthesis can occur by the resto-
ration of pulegon or piperitone, as well as in
the process of menthol oxidation [9]. Obviously,
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Table 3
Contribution of features into the main components
of peppermint varieties

Essential oil components | F1 (48,25%) F2 (28,11%) F3 (14,41%)
Limonene 0.176 0.498* 0.185
Cineole 0.917** 0.025 0.003
Menthone 0.313 0.576* 0.082
Mentofuran 0.541* 0.000 0.280
Isomentone 0.618* 0.322 0.016
Menthyl acetate 0.048 0.205 0.671*
[B-caryophyllene 0.786** 0.132 0.053
Isomenthol 0.793** 0.180 0.011
Menthol 0.392* 0.290 0.173
Pulegon 0.795** 0.007 0.038
Piperitone 0.312 0.597* 0.033
Carvone 0.407 0.517* 0.064
Minor compounds 0.176 0.498* 0.185

Note. F1, F2, F3 are the first, second and third axes of the principal

components respectively.

with the use of in vitro culture method in
plants of the variety M 01-12, the path of pul-
egon metabolism shifts towards the synthesis
of isomentone, which, according to Fedchen-
kova Yu. A. [16], is caused by the decrease in
the activity of the enzyme systems associated
with the menthone accumulation in the leaves.

In the group of terpenoids studied, the first
significant feature is the monocyclic terpene
cineole (Table 3) with pronounced bacteriosta-
tic action, which is intensively accumulated in
the plants of the breeding sample M 01-02. The
second most important marker is the pulegon,
which is an important precursor of menthone
and menthol in their biosynthesis. These bio-
chemical characteristics in the complex are the
most important characteristics of the secon-
dary biosynthesis of metabolites in the leaves
of peppermint plants.

The identified components of the essential oil
of perspective breeding peppermint samples
fluctuate within: limonene from 0.7% to 1.2%,
cineole — 2.1-5.0%, menthone — 15.1-50.9%,
mentofuran — 3,2-8.4%, isomentone — 5.8-26.1%,
menthyl acetate — 1.6-11.2%, B-caryophyllene —
0.2-1.1%, isomenthol — 1,4-6.5%, menthol —
15.4-29.4%, pulegon — 1.9-11.3%, piperitone —
0.1-0.5%, carvone — 0.0—0.5% (Table 2).

Thus, after sanitation and micropropagation
in vitro, the breeding sample of peppermint
M 01-02 contains 3.7% of essential oil and
28.6—29.4% of menthol, at the same time the
breeding sample of M 01-12 contains the larg-
est amount of essential oil — 4.02 and menthol
in it — 27.2%, but the pulegon twice exceeds
the EP criteria.

Six indicators of the essential oil of the
breeding sample M 01-02, namely: limonene,
cineole, mentofuran, isomentone, pulegon and

carvone, meet the criteria of the European
Pharmacopoeia, so it can be considered promi-
sing among the studied breeding samples.

Considering that in the studied breeding
samples during the period of mass flowering,
the precursors of menthol biosynthesis, namely
pulegon, isomentone and menton differed in
high content, and menthol, in turn, was low, it
is necessary to trace the component composi-
tion of essential oil in other phases of mint
flowering — at its beginning and ending.

The experiments were conducted along 2014—
2017 according to the scientific topic “Biotech-
nological basis of reproduction of essential oil
medicinal plants of Lamiaceae family for ob-
taining high quality planting material» (state
registration number 0116U001994).

Conclusions

As a result of sanitation, the yield of air—
dried leaves of perspective breeding specimens
increased by 2.9-7.1%, and in the ‘Chornolysta’
variety — by 51.4%, compared to control. The
yield of rhizomes of breeding specimens in-
creased by 2.2-3.8%, of the ‘Chornolysta’ va-
riety — by 28.5%, which corresponds to increase
of biomass yield from 0.35 to 2.74 kg/ha. Clon-
al micropropagation and sanitation of pepper-
mint plants in vitro resulted in an increase in
the amount of essential oil obtained in the
breeding specimens of 4.0-9.9 kg/ha, and in
the ‘Chornolysta’ variety — 28.6 kg/ha, which
is in breeding plant samples 4.0-8.5%, and in
the variety ‘Chornolysta’ — 54.4%. The maxi-
mum content of essential oil (more than 4%)
was observed in the breeding sample M 01-12
after sanitation in vitro.

Thus, the sanitation and clonal micropropaga-
tion in vitro causes an improvement in the quali-
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tative composition of terpenoids. Increasing the
amount of menthol in the conditions of simulta-
neous reduction of menthone is advisable to take
into account in the process of mass clonal mic-
ropropagation of peppermint plants, which is a
necessary condition for selection and provides
an increase in leaves density, yield of air-dry
leaves, rhizomes and amount of essential oil.

Six indicators of the essential oil of the
breeding sample M 01-02, namely: limonene,
cineole, mentofuran, isomenton, pulegon,
carvone, as well as the ratio of cineole/li-
monene meet the criteria of the European
Pharmacopoeia, therefore, among the studied
breeding samples it can be considered promi-
sing for cultivation.
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Meta. BcTraHOBUTU edeKTUBHICTb BMAMBY KNOHANbHOMO
MiKpPOpPO3MHOXeHHs Ta 0340POBNEHHS POCAUH M'ATW nep-
uesoi (Mentha piperita L.) B kynbTypi in vitro Bipoungom
Ribavirin Ha NpoAYKTUBHICTb POCAUH ex Vitro, KiNbKiCHMIA
BMiCT i AKICHMIA CKNaj KOMNOHEHTIB M'ATHOT edipHOT onii,
OTPMMAHOT 3 YOTUPLOX CenekuitHMx 3paskis i copty ‘Yop-
HonucTa. Metoam. Y pocnifeHHAX BUKOPUCTAHO METOAM
NofLOBOrO arpoTexHiyHoro ogHodakTopHOro gocnigy, ne-
peroHkn onii edipHoi 3 BOAAHOIO NApoI0 33 METOAMUKOK
lH36epra, KaninspHoi ra3osoi xpomatorpadii Ta cTatuc-
TWYHOTO aHanisy. Pe3ynbTatu. 3aBAsKM mpolecy 0340pOB-
NIEHHA B KYNbTYpi in vitro BpOXalHiCTb NOBITPAHO-CYXUX
nUCTKiB cenekuiitHux 3paskie 36inbwunacs Ha 2,9-7,1%, a
copty ‘YopHonucta” — 51,4% Ta KopeHeBul, Ha 2,2-3,8% i
copty ‘YopHonucta’ - 28,5%, wo cknapae 0,35-2,74 T/ra.
Moka3aHo JoCTOBipHe 3pocTaHHs Buxopy edipHoi onii y
cenekuinHmx 3paskis Big 4,0 go 9,9 kr/ra, a y copty ‘Yop-
Honucta — 28,6 Kr/ra. [icns 0340pOBNEHHS Ta KNOHAIbHO-
ro MiKpOPO3MHOXEHHA B KyNbTYypi in vitro y cenekuiiiHoro
3paska M 01-12 npocnigKoBYBanOCb HAKOMUYEHHs BMiCTy
etipHoi onii Ginbwe 4%. Hamu igeHTMdiKoBaHO HacTynHi
KOMNOHeHTU edipHoi onii M'ATW nepueBoi: nimMoHeH, Lu-
HEON, MEHTOH, MeHTOdypaH, i30MEHTOH, MEHTiIN aueTar,
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[B-kapiodineH, i30MeHTON, MEHTON, NYIErOH, MiNEPUTOH Ta
KapBOH. BCTaHOBNEHO WYiTKYy TeHAEHUil0 [0 3MeHWEHHS
KiNbKOCTi MEHTOHY Ta i30MEHTOJly Ta OfAHOYacHe 36inb-
WeHHSA i30MEHTOHY i MEHTONY Y POCAMH, WO O3/ 0POBJEHi
Ta PO3MHOXEHI B YyMOBAX KyNbTypw in vitro. BACHOBKM. 3a-
CTOCYBaHHA MeTOLiB KynbTypu TKaHMH i opraHis # 03p0-
POBJIEHHA TN Vitro CNPUYMHAE NONINWEHHA AKICHOMO CKNagy
TepreHOiAiB 3a paxyHOK 36inbleHHs KiNbKOCTi MeHTONY Ta
3MEeHWeHHs MeHTOoHY. OTpMMaHi faHi Woao cknapy TepneHo-
iniB HeoOXiAHO BPaxoByBaTW B CeeKLii M'ATW NepueBoi AK
OAHOrO i3 iHTErpanbHUX KpUTEPiiB, AKMIA HEOOXiAHO BBECTY
L0 Mepeniky rocnofapcbKo-LiHHUX 03HAK KynbTypu M'sTH
nepueBoi: 06MCTBIHHA, 6ioMacy NOBITPAHO-CYXUX NUCTKIB,
KOPEHeBUL, POCAMH Ta KiNbKicTb BUXOAY M'ATHOT edipHoi
onii. WicTb nokasHukis edipHoi onii cenekuinHoro 3paska
M 01-02, a came niMOHeH, UMHeon, MeHTOdypaH, i30MeH-
TOH, MyNEroH, KapBOH, a TaKOX CNiBBiAHOWEHHA uuHeon/
NiMOHeH BifNOBiAATb KpUTEPiAM €Bponencbkoi dhapmako-
nei, TOMy cepef AOCNiAXYBaHUX CeNeKUiltHNX 3pa3KiB Moro
MO3HA BBaXaTu HaliNepCcneKTUBHIWMUM ANs KyNbTUBYBAHHS.

Knrouosi cnosa: m’sma nepyesa; Mentha piperita L.; kysb-
mypa in Vitro; MiKPOPO3MHOXEHHSA; BPOXalHicmb, egipHa
OJ1iA; KANiNApHA 2a308a XxpoMamozpacgis.
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Lenb. YctaHoBUTL 3P EKTUBHOCTL BO3LENCTBMA KNO-
HaNIbHOrO MUKPOPA3MHOXEHUA W 03[0POBNEHUA PaCTeHMWil
MATbl nepeyHon (Mentha piperita L.) B KynbType in vitro
Bupoumpom Ribavirin Ha npofyKTUBHOCTL pacTeHuit ex
vitro, KONMYeCcTBEHHOE COAEpXaHue W KayeCTBEeHHbIH COoc-
TaB KOMMOHEHTOB MATHOrO 3(MPHOr0 Macna, nojyyeHHoro
W3 YeTblpex ceneKLUOoHHbIX 06pa3LoB 1 copTa "HopHonucTa'.
MeToabl. B nccnegosaHuax MCnonb3oBaHbl METOALI NONEBO-
ro arpoTexHM4Yeckoro ofHO(AKTOPHOTO OMbITa, NEPEroHKM
3¢duMpHOro Macna ¢ BoAsHbIM Napom no meToamke lMH36epra,
KanunnapHoOM ra3oBoi xpomatorpaduu n CTaTUCTUYECKOro
aHanu3a. Pesynbrathbl. bnarofapsa npoteccy 0340poBneHUs
B Ky/NbType in vitro ypoxanHOCTb BO3AYLWHO-CYXMX NCTbEB
ceNeKUMOoHHbIX 006pa3LoB yBenuyunack Ha 2,9-7,1%, a copTa
"YopHonucta’ — 51,4% 1 KopHeBULY — Ha 2,2—3,8% U Ha 28,5%
COOTBETCTBEHHO, YTO coctaBuio 0,35-2,74 T/ra. MNokasaHo
[OCTOBEPHOE yYBeNnyeHue BbIXOAa IPUPHOro Macna y cenek-
LMOHHBIX 06pa3uoB oT 4,0 oo 9,9 kr/ra, ay copTa “YopHonuc-
13’ — po 28,6 kr/ra. llocne 0340POBNEHUA U KIOHANBLHOTO
MWKPOPa3MHOXEHUA B KYNbType in Vitro y ceneKkunoHHOro
obpasua M 01-12 npocnexuBanocb HaKoOMAEHWe copepxa-
HUs 3cupHOro macna 6onee 4%. beian npeHTUDULMPOBAHBI
TaKne KOMMOHEHTbl 3(UPHOr0 Macna MATbI NepeyHoii: TMMo-
HEeH, LIMHEOs, MEHTOH, MeHTO(YypaH, U3OMEHTOH, MeHTuUna-
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uetar, B-kapuoduneH, M30MEHTON, MEHTON, MyNeroH, nune-
PWUTOH M KapBOH. YcTaHOBNEHa YeTKan TEHAEHLUMA K YMeHb-
WEeHUI0 KONMYecTBa MEHTOHa M U30MEHTONA, a TaKKe OfAHO-
BpeMeHHOe yBennyeHne N30MeHTOHA M MEHTONA Y pacTeHUR,
03[0POB/IEHHbIX U PA3MHOXEHHBIX B YCNOBUAX KYNbTYpbl in
vitro. BoiBopbl. [pumeHeHne METOLOB KynbTypbl TKaHel W
OpraHoB U 03J0POBAEHMA 1N Vitro ynydlaeT KayecTBeHHbIi
COCTaB TEPNEHOMJOB 3a CYET yBeIUYEHUA KOAUYECTBA MeH-
TONa U yMeHblEeHNUa MeHTOHA. lTonyyeHHble gaHHbIe 0 cocTa-
BE TepPreHOMJ0B HEOOXOAMMO YYUTLIBATE B CENEKLUU MSATHI
NepeyHon Kak OJHOr0 M3 WHTerpanbHbIX KpUTEpWEB, KOTO-
pblii HEOOXOOMMO OTHECTU K MEPEeyYHI0 XO3ANCTBEHHO-LEH-
HbIX MPU3HAKOB KYNbTYPbl MATHI NEPEYHON: 0BNUCTBEHHOCTD,
6uomacca BO3AYLWHO-CYXUX JINCTHEB, KOPHEBULL, PACTEHMIA
U KonuyectBo maTHoro 3cupHoro macna. lWectb nokasare-
neit 3hMpHOro Macna cenekuuoHHoro obpasua M 01-02, a
MMEHHO: TMMOHEeH, LMHeoN, MeHTodypaH, N30MEHTOH, nyne-
TOH, KapBOH, @ TaKXe COOTHOLWEHNE LMHEOoN/NMMMOHEH COOT-
BETCTBYIOT KPUTEPUAM eBpONnencKoin dapmakoneu, no3Tomy
Cpeau WUCCnefyemblx CENeKLMOHHbIX 006pa3LoB ero MOXHO
CYMTATb NEPCNEKTUBHBIM A1 KYAbTUBUPOBAHMA.

Knwoyessle cnosa: mama nepeyras; Mentha piperita L.;
Ky/ibmypa in vitro; MUKPOPA3MHOXeHUE; YPOXKaliHOCMb; 3¢up-
HOe MAacao0; KanUANAPHAsA 230805 XpoMamozpagus.
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