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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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maceutical leaves, essential oil and biologically 
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 piperitae), 
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-

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/l 
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-β-D-ribofuranosyl-1,2,4-triazole-3-car bo-
 xamide, Sigma-Aldrich, USA) at a concentra-
tion of 10 mg/l [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 m2. 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 × 0.25 mm, fixed phase macrogol 
20000 (0.25 µm). Carrier gas: helium 1.5 ml/min, 
flow separation 1:50. For chromatography, 25 µl 
of the essential oil was dissolved in 1.5 ml of 
n-hexane, injection volume: 1.0 µl. 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]. 

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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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, β-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 1
Indicators of economically valuable traits of peppermint samples under conditions 

of using clonal micropropagation and in vitro sanitation (2015–2017)

Sample, 
variety Variant

Yield, t/ha Leaves 
density, %

Essential oil 
content, %

Essential oil 
yield  kg/haAir-dry leaves Rhisomes

Ì 01-02 reference group 2.69±0.06 20.4±0.23 57 3.68±0.14 99.0
³n vitro 2.77±0.07** 21.1±0.26* 60 3.73±0.13 103.3

Ì 01-03 reference group 2.74±0.07 24.8±0.31 55 3.61±0.11 98.9
³n vitro 2,80±0,06* 25.4±0.37 57 3.65±0.12 102.9

Ì 01-04 reference group 2,87±0,06 13.9±0.17 55 3.82±0.18 109.6
³n vitro 2.99±0.08** 14.2±0.20 57 3.89±0.14 116.3

Ì 01-12 reference group 2.94±0.06 13.1±0.19 59 3.97±0.18 116.7
³n vitro 3.15±0.07** 13.6±0.20* 62 4.02±0.19 126.6

‘Chornolysta’
reference group 1.41±0.03 9.6±0.16 33 3.76±0.15 52.6
³n 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)

Table 2
The component composition of the essential oil obtained from vegetatively propagated 

and sanitized breeding samples and the  variety of peppermint ‘Chornolysta’ (%)

Essential oil components Standard ratios 
EP, %

Sample/Variety
Ì 01-02 Ì 01-03 Ì 01-04 Ì 01-12 ‘Chornolysta’

VÐ ³n vitro VÐ ³n vitro VÐ ³n vitro VÐ ³n vitro VÐ ³n vitro
Limonene 1.0–5.0 1.0 0.8 1.1 1.0 0.9 0.7 0.8 1.2 1.1 1.0
Cineole 3.5–14.0 5.0 4.4 2.1 2.4 3.4 3.0 2.8 2.8 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 3.2 3.4 8.4 5.0 7.0 4.8 5.3 6.7 4.8 4.5
Isomentone 1.5–10.0 5.9 7.1 21.6 26.1 5.8 6.8 6.2 18.7 4.0 3.3
Menthyl Acetate 2.8–10.0 2.6 1.6 5.3 3.3 11.2 3.5 8.8 6.2 3.0 2.9
β-caryophyllene – 0.2 0.2 0.8 1.0 0.6 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 3.1 1.9 11.3 8.6 4.1 6.3 9.2 10.7 11.1 11.9
Piperitone – 0.1 0.2 0.3 0.4 0.3 0.5 0.4 0.3 0.4 0.4
Carvone to 1.0 0.2 0.1 0.5 0.5 0.0 0.1 0.0 0.4 0.6 0.9
Other Compounds – 9.7 8.4 11.7 10.8 4.9 5.6 4.5 5.0 9.5 8.9
Cineole / Limonene more than 2.0 5.0 5.8 2.0 2.4 3.9 4.3 3.5 2.3 3.5 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

Fig. 2. Chromatogram of peppermint essential oil compounds of breeding sample M 01-02 
after in vitro sanitation and reproduction

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-
ropropagation decreased by 0.1–0.4%, except 
for the M 01-12 sample. By the amount of 

1.8-cineole, which in its pure form has a cam-
phor smell and a burning taste, the essential oil 
of vegetatively propagated variety M 01-02 con-
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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 (58.5–67.1%) and ‘Chor-
nolysta’ variety (64.7–64.8%).

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, β-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, 

Fig. 4. Chromatogram of essential oil compounds of peppermint ‘Chornolysta’ 
variety leaves after in vitro sanitation and reproduction
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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%, β-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-

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*
β-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.
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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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Ìåòà. Âñòàíîâèòè åôåêòèâí³ñòü âïëèâó êëîíàëüíîãî 
ì³êðîðîçìíîæåííÿ òà îçäîðîâëåííÿ ðîñëèí ì’ÿòè ïåð-
öåâî¿ (Mentha piperita L.) â êóëüòóð³ in vitro â³ðîöèäîì 
Ribavirin  íà ïðîäóêòèâí³ñòü ðîñëèí ex vitro, ê³ëüê³ñíèé 
âì³ñò ³ ÿê³ñíèé ñêëàä êîìïîíåíò³â ì’ÿòíî¿ åô³ðíî¿ îë³¿, 
îòðèìàíî¿ ç ÷îòèðüîõ ñåëåêö³éíèõ çðàçê³â é ñîðòó ‘×îð-
íîëèñòà’. Ìåòîäè. Ó äîñë³äæåííÿõ âèêîðèñòàíî ìåòîäè 
ïîëüîâîãî àãðîòåõí³÷íîãî îäíîôàêòîðíîãî äîñë³äó, ïå-
ðåãîíêè îë³¿ åô³ðíî¿ ç âîäÿíîþ ïàðîþ çà ìåòîäèêîþ 
Ã³íçáåðãà,  êàï³ëÿðíî¿ ãàçîâî¿ õðîìàòîãðàô³¿ òà ñòàòèñ-
òè÷íîãî àíàë³çó. Ðåçóëüòàòè. Çàâäÿêè ïðîöåñó îçäîðîâ-
ëåííÿ â êóëüòóð³ in vitro âðîæàéí³ñòü ïîâ³òðÿíî-ñóõèõ 
ëèñòê³â ñåëåêö³éíèõ çðàçê³â çá³ëüøèëàñÿ íà 2,9–7,1%, à 
ñîðòó ‘×îðíîëèñòà’ – 51,4% òà êîðåíåâèù íà 2,2–3,8% ³ 
ñîðòó ‘×îðíîëèñòà’ – 28,5%, ùî ñêëàäàº 0,35–2,74 ò/ãà. 
Ïîêàçàíî äîñòîâ³ðíå çðîñòàííÿ âèõîäó åô³ðíî¿ îë³¿ ó 
ñåëåêö³éíèõ çðàçê³â â³ä 4,0 äî 9,9 êã/ãà, à ó ñîðòó ‘×îð-
íîëèñòà’ – 28,6 êã/ãà. Ï³ñëÿ îçäîðîâëåííÿ òà êëîíàëüíî-
ãî ì³êðîðîçìíîæåííÿ â êóëüòóð³ in vitro ó ñåëåêö³éíîãî 
çðàçêà Ì 01-12 ïðîñë³äêîâóâàëîñü íàêîïè÷åííÿ âì³ñòó 
åô³ðíî¿ îë³¿ á³ëüøå 4%. Íàìè ³äåíòèô³êîâàíî íàñòóïí³ 
êîìïîíåíòè åô³ðíî¿ îë³¿ ì’ÿòè ïåðöåâî¿: ë³ìîíåí, öè-
íåîë, ìåíòîí, ìåíòîôóðàí, ³çîìåíòîí, ìåíò³ë àöåòàò, 

β-êàð³îô³ëåí, ³çîìåíòîë, ìåíòîë, ïóëåãîí, ï³ïåðèòîí òà 
êàðâîí. Âñòàíîâëåíî ÷³òêó òåíäåíö³þ äî çìåíøåííÿ 
ê³ëüêîñò³ ìåíòîíó òà ³çîìåíòîëó òà  îäíî÷àñíå çá³ëü-
øåííÿ ³çîìåíòîíó ³ ìåíòîëó ó ðîñëèí, ùî îçäîðîâëåí³ 
òà ðîçìíîæåí³ â óìîâàõ êóëüòóðè ³n vitro. Âèñíîâêè. Çà-
ñòîñóâàííÿ ìåòîä³â êóëüòóðè òêàíèí ³ îðãàí³â é îçäî-
ðîâëåííÿ ³n vitro ñïðè÷èíÿº ïîë³ïøåííÿ ÿê³ñíîãî ñêëàäó 
òåðïåíî¿ä³â çà ðàõóíîê çá³ëüøåííÿ ê³ëüêîñò³ ìåíòîëó òà 
çìåíøåííÿ ìåíòîíó. Îòðèìàí³ äàí³ ùîäî ñêëàäó òåðïåíî-
¿ä³â íåîáõ³äíî âðàõîâóâàòè â ñåëåêö³¿ ì’ÿòè ïåðöåâî¿ ÿê 
îäíîãî ³ç ³íòåãðàëüíèõ êðèòåð³¿â, ÿêèé íåîáõ³äíî ââåñòè 
äî ïåðåë³êó ãîñïîäàðñüêî-ö³ííèõ îçíàê êóëüòóðè ì’ÿòè 
ïåðöåâî¿: îáëèñòâ³ííÿ, á³îìàñó ïîâ³òðÿíî-ñóõèõ ëèñòê³â, 
êîðåíåâèù ðîñëèí òà ê³ëüê³ñòü âèõîäó ì’ÿòíî¿ åô³ðíî¿ 
îë³¿. Ø³ñòü ïîêàçíèê³â åô³ðíî¿ îë³¿ ñåëåêö³éíîãî çðàçêà 
Ì 01-02, à ñàìå ë³ìîíåí, öèíåîë, ìåíòîôóðàí, ³çîìåí-
òîí, ïóëåãîí, êàðâîí, à òàêîæ ñï³ââ³äíîøåííÿ öèíåîë/
ë³ìîíåí â³äïîâ³äàþòü êðèòåð³ÿì ºâðîïåéñüêî¿ ôàðìàêî-
ïå¿, òîìó ñåðåä äîñë³äæóâàíèõ ñåëåêö³éíèõ çðàçê³â éîãî 
ìîæíà ââàæàòè íàéïåðñïåêòèâí³øèì äëÿ êóëüòèâóâàííÿ.

Êëþ÷îâ³ ñëîâà: ì’ÿòà ïåðöåâà; Mentha piperita L.; êóëü-
òóðà in vitro; ì³êðîðîçìíîæåííÿ; âðîæàéí³ñòü; åô³ðíà 
îë³ÿ; êàï³ëÿðíà ãàçîâà õðîìàòîãðàô³ÿ.
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Öåëü. Óñòàíîâèòü ýôôåêòèâíîñòü âîçäåéñòâèÿ êëî-
íàëüíîãî ìèêðîðàçìíîæåíèÿ è îçäîðîâëåíèÿ ðàñòåíèé 
ìÿòû ïåðå÷íîé (Mentha piperita L.) â êóëüòóðå in vitro 
âèðîöèäîì Ribavirin íà ïðîäóêòèâíîñòü ðàñòåíèé ex 
vitro, êîëè÷åñòâåííîå ñîäåðæàíèå è êà÷åñòâåííûé ñîñ-
òàâ êîìïîíåíòîâ ìÿòíîãî ýôèðíîãî ìàñëà, ïîëó÷åííîãî 
èç ÷åòûðåõ ñåëåêöèîííûõ îáðàçöîâ è ñîðòà ‘×îðíîëèñòà’. 
Ìåòîäû. Â èññëåäîâàíèÿõ èñïîëüçîâàíû ìåòîäû ïîëåâî-
ãî àãðîòåõíè÷åñêîãî îäíîôàêòîðíîãî îïûòà, ïåðåãîíêè 
ýôèðíîãî ìàñëà ñ âîäÿíûì ïàðîì ïî ìåòîäèêå Ãèíçáåðãà, 
êàïèëëÿðíîé ãàçîâîé õðîìàòîãðàôèè è ñòàòèñòè÷åñêîãî 
àíàëèçà. Ðåçóëüòàòû. Áëàãîäàðÿ ïðîöåññó îçäîðîâëåíèÿ 
â êóëüòóðå in vitro óðîæàéíîñòü âîçäóøíî-ñóõèõ ëèñòüåâ 
ñåëåêöèîííûõ îáðàçöîâ óâåëè÷èëàñü íà 2,9–7,1%, à ñîðòà 
‘×îðíîëèñòà’ – 51,4% è êîðíåâèù – íà 2,2–3,8% è íà 28,5% 
ñîîòâåòñòâåííî, ÷òî ñîñòàâèëî 0,35–2,74 ò/ãà. Ïîêàçàíî 
äîñòîâåðíîå óâåëè÷åíèå âûõîäà ýôèðíîãî ìàñëà ó ñåëåê-
öèîííûõ îáðàçöîâ îò 4,0 äî 9,9 êã/ãà, à ó ñîðòà ‘×îðíîëèñ-
òà’ – äî 28,6 êã/ãà. Ïîñëå îçäîðîâëåíèÿ è êëîíàëüíîãî 
ìèêðîðàçìíîæåíèÿ â êóëüòóðå in vitro ó ñåëåêöèîííîãî 
îáðàçöà Ì 01-12 ïðîñëåæèâàëîñü íàêîïëåíèå ñîäåðæà-
íèÿ ýôèðíîãî ìàñëà áîëåå 4%. Áûëè èäåíòèôèöèðîâàíû 
òàêèå êîìïîíåíòû ýôèðíîãî ìàñëà ìÿòû ïåðå÷íîé: ëèìî-
íåí, öèíåîë, ìåíòîí, ìåíòîôóðàí, èçîìåíòîí, ìåíòèëà-

ÓÄÊ 633.822:57.085.23
Øêîïèíñêàÿ Ò. Å.1*, Êîëîìèåö Þ. Â.1, Ãðèãîðþê È. Ï.1, Êóöåíêî Í. È.2 Õîçÿéñòâåííî-öåííûå ïðèçíàêè 

ïåðñïåêòèâíûõ ñåëåêöèîííûõ îáðàçöîâ è ñîðòà ‘×îðíîëèñòà’ Mentha piperita L. ïîñëå èõ îçäîðîâëåíèÿ è 
ìèêðîðàçìíîæåíèÿ in vitro // Plant Varieties Studying and Protection. 2019. Ò. 15, ¹ 4. Ñ. 424–433. 
https://doi.org/10.21498/2518-1017.15.4.2019.188722

1Íàöèîíàëüíèé óíèâåðñèòåò áèîðåñóðñîâ è ïðèðîäîïîëüçîâàíèÿ Óêðàèíû, óë. Ãåðîåâ Îáîðîíû, 15, ã. Êèåâ, 03041, Óêðàèíà, 
*e-mail: tatazp77@gmail.com

2Îïûòíàÿ ñòàíöèÿ ëåêàðñòâåííûõ ðàñòåíèé Èíñòèòóòà àãðîýêîëîãèè è ïðèðîäîïîëüçîâàíèÿ ÍÀÀÍ Óêðàèíû, 
óë. Ïîêðîâñêàÿ, 16à, ñ. Áåðåçîòî÷à, Ëóáåíñêèé ð-í, Ïîëòàâñêàÿ îáë., 37535, Óêðàèíà

öåòàò, β-êàðèîôèëåí, èçîìåíòîë, ìåíòîë, ïóëåãîí, ïèïå-
ðèòîí è êàðâîí. Óñòàíîâëåíà ÷åòêàÿ òåíäåíöèÿ ê óìåíü-
øåíèþ êîëè÷åñòâà ìåíòîíà è èçîìåíòîëà, à òàêæå îäíî-
âðåìåííîå óâåëè÷åíèå èçîìåíòîíà è ìåíòîëà ó ðàñòåíèé, 
îçäîðîâëåííûõ è ðàçìíîæåííûõ â óñëîâèÿõ êóëüòóðû in 
vitro. Âûâîäû. Ïðèìåíåíèå ìåòîäîâ êóëüòóðû òêàíåé è 
îðãàíîâ è îçäîðîâëåíèÿ in vitro óëó÷øàåò êà÷åñòâåííûé 
ñîñòàâ òåðïåíîèäîâ çà ñ÷åò óâåëè÷åíèÿ êîëè÷åñòâà ìåí-
òîëà è óìåíüøåíèÿ ìåíòîíà. Ïîëó÷åííûå äàííûå î ñîñòà-
âå òåðïåíîèäîâ íåîáõîäèìî ó÷èòûâàòü â ñåëåêöèè ìÿòû 
ïåðå÷íîé êàê îäíîãî èç èíòåãðàëüíûõ êðèòåðèåâ, êîòî-
ðûé íåîáõîäèìî îòíåñòè ê ïåðå÷íþ õîçÿéñòâåííî-öåí-
íûõ ïðèçíàêîâ êóëüòóðû ìÿòû ïåðå÷íîé: îáëèñòâåííîñòü, 
áèîìàññà âîçäóøíî-ñóõèõ ëèñòüåâ, êîðíåâèù ðàñòåíèé 
è êîëè÷åñòâî ìÿòíîãî ýôèðíîãî ìàñëà. Øåñòü ïîêàçàòå-
ëåé ýôèðíîãî ìàñëà ñåëåêöèîííîãî îáðàçöà Ì 01-02, à 
èìåííî: ëèìîíåí, öèíåîë, ìåíòîôóðàí, èçîìåíòîí, ïóëå-
ãîí, êàðâîí, à òàêæå ñîîòíîøåíèå öèíåîë/ëèìîíåí ñîîò-
âåòñòâóþò êðèòåðèÿì åâðîïåéñêîé ôàðìàêîïåè, ïîýòîìó 
ñðåäè èññëåäóåìûõ ñåëåêöèîííûõ îáðàçöîâ åãî ìîæíî 
ñ÷èòàòü ïåðñïåêòèâíûì äëÿ êóëüòèâèðîâàíèÿ.
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