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AHoTanis

BennuesHa KimbKicTh A0CTiKeHB npucBsaeHa poxy Mentha L. (Lamiaceae). Oqnak Mentha longifolia var.
asiatica (Boriss.) Rech.f. 3 Cepeanpoi Asii 3amumraeTscs TOCHThH C1ab0 BUBUCHUM SIK JuKepeno edipHoi oxii. B
Vxpaiui M. longifolia var. asiatica snepmre 6yna inTpoaykoBana y HamionampHOMy GOTaHi9HOMY cany imeHi
M.M. I'putika HAH Ykpainu. Y xonekuii HeTpaauuiiHux e(ipHUX POCIUH COPT MPEICTaBICHUH TBOMA I€HOTH-
MaMHu pi3HOTrO reorpadivyHoro noxokeHHs. Haiolwo MeTor Oyiio BCTAHOBHUTH 3JaTHICTh POCIMH CHHTE3YBaTH
eQipHy OJIi10 B HOBIX YMOBaX 3pOCTaHHS, BU3HAYHTH i AKiCHUH Ta KUTBKICHHUH CKIa]. MeTOIOM TiIpOAUCTHIIIAIIIT
BCTaHOBJICHO, 1110 3pasku M. longifolia var. asiatica mictsare: 2,36+0,63% edipHoi ouii y 3pa3ky 3 A3epbaiimkany
ta 1,49+0,29% 3 Mongosu. 3a momomororo ['X-MC Oynu ineHTH(IKOBaHI CKIAaIOBI CIIONYKH Ta BH3HAYCHO IX
criBBiHOIICHH. JOMiHYIOYE MOJOXKEHHS 3aiiMaloTh KapBOH OKcHJ (45,98-60,39%), mimeputon okcux (10,79-
25,33%), a Takoxx Metmi eBrenon (9,36%), minepureHoH (4,06%), B-bapuesen (Z) (3,63%). Ornsipx niteparypu
111010 (hapMaKoJIOTIYHNX Ta EKOHOMIYHO IIIHHHMX BIACTUBOCTEH IHX CIIOJYK JJO3BOJISIE BBaXKaTH e(hipHi 0JIii 3pa3KiB
M. longifolia var. asiatica nocuts nepcreKTHBHUME 00’ €KTaMH JIJIsl METUYHOT TPAKTHUKK, KOCMETOJIOTII Ta Xap4o-
BOT MPOMUCIIOBOCTI YKpaiHu

Abstract

A huge amount of research is devoted to the genus Mentha L. (Lamiaceae). However, Mentha longifolia var.
asiatica (Boriss.) Rech.f. from Central Asia remains rather poorly studied as a source of essential oil. In Ukraine,
M. longifolia var. asiatica was first introduced in the M.M. Gryshko National Botanical Garden of the NAS of
Ukraine. In the collection of Non-Traditional Essential Plants, the variety is represented by two genotypes of dif-
ferent geographical origins. Our goal was to establish the ability of plants to synthesize essential oil in new growth
conditions, to determine its qualitative and quantitative composition. Using the hydrodistillation method, it was
established that samples of M. longifolia var. asiatica contain: 2.36+0.63% essential oil in the sample from Azer-
baijan and 1.49+0.29% from Moldova. By using to GC-MS, the constituent compounds were identified and their
ratios were determined. The dominant position is occupied by carvonoxide (45.98-60.39%), piperitonoxide (10.79-
25.33%), as well as methyl eugenol (9.36%), piperithenon (4.06%), B-farnesene (Z) (3.63%). A review of the
literature on the pharmacological and economically valuable properties of these compounds allows us to consider
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the essential oils of samples of M. longifolia var. asiatica as fairly promising objects for medical practice, cos-

metology and the food industry of Ukraine.

Kumouosi ciioBa: Mentha longifolia var. asiatica, edipni onii, ' X-MC anai3, npakTH4He 3HAYCHHS.
Keywords: Mentha longifolia var. asiatica, essential oils, GC-MS analysis, practical significance.

Introduction

The genus Mentha L. (Lamiaceae) is widely
known and studied, primarily for such species as Men-
tha x piperita L., M. pulegium L., M. spicata L. [1-11].
However, studies of M. longifolia var. asiatica
(Boriss.) Rech.f. today are quite sporadic and fragmen-
tary [12-13].

M. longifolia var. asiatica is a perennial herb 70-
150 cm tall, has a creeping rhizome, thanks to which it
is vegetatively mobile. The entire aerial part has
pubescence to one degree or another. The leaves are
grayish, softly pubescent, elongated elliptic or egg-
lanceolate, slightly bent downwards. Inflorescences are
dense, spike-cylindrical, pointed subtle towars the
apex; corolla of lilac color. The seeds are tiny. The
natural area of plants of this variety covers Central Asia
(Kazakhstan, Kyrgyzstan, Turkmenistan, Tajikistan
and Uzbekistan) and Western Asia (Afghanistan, Iran
and Irag) and China (South-Central China, Tibet and
Xinjiang). Plants grow in full sun or partial shade,
prefer moist soils [14].

At one time M. longifolia var. asiatica was
considered as a separate species — M. vegans or as M.
asiatica. The variety was first described as M. asiatica
in 1954 by A. Borysova, but in the same year Karl
Heinz Rechinger revised the taxonomy for these plants
and shortened the species name to a variety. The
species has several synonyms: M. arvensiaquatica f.
asperata Timb.-Lagr., M. asiatica Boriss., M. asperata
(Timb.-Lagr.) Pérard, M. kopetdaghensis Boriss., M.
vagans Boriss. Their use still occurs in modern
scientific works [15-16].

The aerial part of M. longifolia var. asiatica has a
pleasant taste and aroma due to the content of essential
oil. According to literary sources, the main components
of the essential oil are piperitone, isomentone, cis-
piperitone, as well as carvone and pulegone — in plants
of Iranian origin [17], plants from Uzbekistan in the
experiment  contained  trans-piperitone  oxide,
piperitone oxide, thymol, spatulenol [18-19], from
China — was the main compound piperitone oxide, and
were also dominant sabinene, limonene, piperitone
oxide, piperitone, thymol, etc. [20-21], from Tajikistan
— limonene, eucalyptol, menthone, pulegone, carvone
and other compounds [22].

In the aerial part of M. longifolia var. asiatica
revealed a protein — (E)-p-farnesene synthase 1 and
amino acids. Protein identifier (protein Id) -
AEA49038.1 [23-24]. B-farnesene has one natural
isomer — isomer E. Its aroma is citrus-green. This
protein occurs in the essential oil of some plant species
and is catalyzed by EBF synthase. Also, (E)-p-farne-
sene (EBF) as a pheromone-protein plays the role of a
natural repellent. The experimental work carried out by
scientists from China suggests that the EBF synthase
gene of M. longifolia var. asiatica can be a potential
object in genetic engineering of important agricultural
crops [25-26].

In Ukraine, as we know today, M. longifolia var.
asiatica was introdused only in one scientific
institution — M.M. Gryshko National Botanical Garden
of the NAS of Ukraine (NBG). The plants have high
rates of resistance and viability in the proposed growing
conditions. Therefore, the issue of a comprehensive
study of plants of this variety, in particular its essential
oil potential in the conditions of Ukraine is of high
scientific and practical relevance due to insufficient
study both in the world and in our country.

Materials and Methods

Origin of plant material. Plants used in the
experiments were M. longifolia var. asiatica from the
collection of Non-Traditional Essential Plants of the
Department of Cultural Flora of NBG. The variety is
represented in the collection by samples of genotypes
of different geographical origins. They were obtained
in 2012 planting material (plant cuttings) from
Azerbaijan (Lerik, natural population) and Moldova
(Chisinau, introduced population).

Preparation of plant raw materials. Harvesting
of raw materials — aerial parts of plants was carried out
in the phase of the beginning of their flowering. The
fresh aerial part of the plants was chopped into 1-1.5
cm fragments and left to wither for 24 hours in room
conditions. The raw materials were then dried to an air-
dry state using an Eridri ULTRA FD1000 dryer.

Isolation of the essential oils. The EOs were ob-
tained by hydro distillation using an apparatus with a
Clevenger nozzle. The samples were weighed on a
VLKT-500 g-M scale. The weight of one sample was
40 g. The volume of water in the flask was 500 mL. The
experiments were performed in triplicate. The exposure
time — 90 min (from the moment the water boils). Data
is presented as average + standard deviation.

Gas chromatography — Mass spectrometry
analysis (GC-MS). The chromatographic profile was
established on an Agilent Technologies 7890 gas chro-
matograph using a  vf-bms  (5%-phenyl)-
methylpolysiloxane) capillary column (0.25 mmx25.0
m). Experiment conditions: gas velocity-carrier — 1.0
mL/min, flow split ratio — 1:20, evaporator temperature
— 250 °C, detector temperature (DEP) — 280 °C, column
temperature regime — gradual heating from 60 °C to 185
°C.

The component composition of the EOs was de-
termined on a gas chromatograph with a mass spectro-
metric detector HP 6890. Mass spectrometric detector
1.6-800 a.o.m., El ionization, Scan Mode & SIM
Mode, «Hewlett Packard», USA. Chromatographic col-
umn — capillary HP—5ms (0.25 mmx30.0 m). Carrier
gas — helium. Carrier gas velocity 1.2 mL/min. Sample
injection heater temperature — 180 °C. Oven tempera-
ture programmable from 62 to 165 °C at a rate of 5
deg/min. Sample injection (1 pL) without flow split.

Identification of the EO components was per-
formed using the NIST Mass Spectral Database mass
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spectrum library in conjunction with programs for iden-
tification by time AMDIS.

Results and Discussions

M. longifolia var. asiatica was introduced for the
first time in Ukraine. It has been experimentally
confirmed that under the proposed growing conditions,
plants have high rates of essential oil synthesis.
Quantitative content of essential oil in the aerial parts
of plants in two genotypically different samples of M.
longifolia var. asiatica was: the sample from
Azerbaijan (A) contained 2.36+0.63% oil, and from
Moldova (M) — 1.49+0.29% in terms of absolutely dry
weight. Both oil samples are slightly yellowish in color,

but differ in aroma. Sample (A) is characterized by a
pleasant, complex aroma, while sample (M) is
somewhat herbal-sharp with an unpleasant undertone.

The quantitative and qualitative composition of
essential oils, as well as the share of each component,
was established. In the essential oil of M. longifolia var.
asiatica, sample A was identified by GC-MS of 39
volatile aromatic compounds. The main odorants are
carvone oxide (45.98%) and piperitone oxide
(25.33%). piperitenon (4.06%), nepetalactone (3.62%),
linalool (3.22%) also occupy important positions in
terms of quantitative content (tab. 1; fig. 1).

Table 1.

Chemical constituents of essential oil Mentha longifolia var. asiatica (Azerbaijani origin)

No Compounds RetTime, min Content index, %
1. 3-Octanol 14.547 0.651
2. 1.8-Cineol 17.193 1.349
3. B-Ocimene (E) 18.209 0.137
4. cis -Linalool oxide (furanoid) 19.984 0.212
5. trans-Linalool oxide (furanoid) 21.060 0.135
6. Terpinolene 21.294 0.193
7. Linalool 21.955 3.224
8. Lavandulol 25.723 0.097
9. Terpinen-4-ol 26.228 0.227
10. a-Terpineol 26.738 0.114
11. Menthol 26.900 0.593
12. Hexyl butyrate 27.104 0.126
13. Piperiton 28.603 0.103
14. Geraniol 28.838 0.583
15. Carvone oxide 29.292 45.981
16. Chrysanthenyl acetate 29.546 0.192
17. Geranial 29.764 0.262
18. Bornyl acetate 29.926 0.115
19. Lavandulyl acetate 30.247 0.305
20. Geranyl formate 30.521 0.334
21. Menthyl acetate 30.677 2.366
22. Piperitenon 30.914 4.063
23. a-Terpinyl acetate 31.167 0.100
24. a-Cubebene 32.007 0.523
25. Eugenol 32.532 0.215
26. Piperitone oxide 32.761 25.332
27. Nepetalactone 32.943 3.620
28. a-Ylangene 33.106 0.739
29. -Bourbonene 33.646 1.601
30. B-Cububene 33.752 1.295
31. B-Elemene 33.965 0.184
32. Methyl eugenol 34.345 0.466
33. Caryophyllene (2) 34.623 0.050
34. a-Bergamotene 35.046 2.019
35. Caryophyllene (E) 35.390 0.066
36. B-Farnesene(Z) 36.008 0.235
37. B-Farnesene(E) 36.414 0.414
38. Germacrene D 37.253 1.7149
39. Caryophyllene oxide 38.639 0.064
Total identified 100.00
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Figure 1. GS-MS Chromatogram of essential oil Mentha longifolia var. asiatica (Azerbaijani origin)

In the sample (M) M. longifolia var. asiatica, 37 compounds were discovered and identified, of which the
main positions in terms of quantitative content belong to carvone oxide (60.39%) and piperitone oxide (10.79).
methyl eugenol (9.36%), B-farnesene(Z) (3.63%), linalyl acetate (2.71%) also influence the formation of aroma
(tab.2; fig. 2).

Table 2.
Chemical constituents of essential oil Mentha longifolia var. asiatica (Moldovan origin)
No Compounds RetTime, min Content index, %
1. 3-Octanone 12.540 0.438
2. Myrcene 13.545 0.414
3. 3-Octanol 14.421 0.534
4. Limonene 16.792 0.592
5. B-Phellandrene 17.104 0.866
6. cis -Linalool oxide (furanoid) 19.931 0.119
7. Linalool 21.893 0.859
8. Nonanal 22.254 0.125
9. Terpinen-4-ol 26.212 0.562
10. a-Terpineol 26.883 0.560
11 Hexyl butyrate 27.293 0.127
12. Neral 28.236 0.172
13. Piperiton 28.592 0.208
14, Geraniol 28.828 0.839
15. Linalyl acetate 29.082 2.715
16. Carvone oxide 29.302 60.388
17. Chrysanthenyl acetate 29.542 0.131
18. Geranial 29.767 0.106
19. Lavandulyl acetate 30.292 0.356
20. Geranyl formate 30.496 0.630
21. Menthyl acetate 30.662 0.450
22, Piperitenon 30.900 0.467
23. a-Terpinyl acetate 31.267 0.089
24. a-Cubebene 32.037 0.184
25. Piperitone oxide 32.728 10.788
26. Nepetalactone 32.894 0.205
27. a-Ylangene 33.077 0.089
28. B-Bourbonene 33.607 0.234
29. B-Cububene 33.739 0.177
30. B-Elemene 33.855 0.118
31. Methyl eugenol 34.358 9.355
32. a-Bergamotene 35.087 0.828
33. Caryophyllene (E) 35.336 0.444
34. B-Farnesene(2) 36.015 3.630
35. B-Farnesene(E) 36.399 0.922
36. Germacrene D 37.227 0.086
37. Caryophyllene oxide 38.637 0.627
Total identified 100.00
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Figure 2. GS-MS Chromatogram of essential oil Mentha longifolia var. asiatica (Moldovan origin)

Thus, in the analyzed samples of the essential oil
of M.longifolia var. asiatica the dominant compounds are
carvone oxide and piperitone oxide (oxepanes class),

methyl  eugenol  (alkylbenzenes),  piperitenon
(monoterpens), nepetalactone (iridoids), linalool
(acyclic monoterpene), p-farnesene(Z) (aliphatic

sesquiterpene) and linalyl acetate (terpenoid (linalool
acetate ester)). Comparative analysis showed that the
sample (A) is characterized by a higher content of lin-
alool and nepetalactone, and the presence of menthol in
the composition of the essential oil, which is absent in
the sample (M).

The identified major components form the aroma
of the essential oil of M.longifolia var. asiatica, but also
determine its pharmacological properties and effect on
the human body. In this regard, we conducted a
screening of literary sources, which published the latest
data on the properties of this or that compound from the
point of view of its potential benefit for humans or, on
the contrary, prudent use. However, we note that the
overall effect of an essential oil as a complex of
compounds cannot be determined only by dominants,
because the minimum content of individual compounds
can have a significant contribution to both the aroma
and the activity of the oil.

So, for today it is considered, that piperitone oxide
exhibits numerous pharmacological properties,
including cardiovascular, antimicrobial, insecticidal
and antifungal effects [27], Carvone oxide has
antibacterial, antifungal, antiparasitic, anti-
neuraminidase, antioxidant, anti-inflammatory and
antitumor activity [28-29].

Methyl eugenol is an antitussive agent that
removes phlegm, soothes, and has an analgesic effect
[30]. It is also used as a flavoring agent in food
products, in the preparation of mixed spices (giving a
ginger-like aroma), as well as in baked goods and
tobacco, as it has a hot aroma of fresh and sweet cloves
and fennel. However, since 2021, European Union

countries have introduced labeling of products if their
methyl eugenol content exceeds 0.01% [31].

Nepetalactone affects the human body gently as a
sedative, antipyretic, antispasmodic and antibacterial
agent. However, in large doses it can cause vomiting,
which implies prudence in dosage during use [32].
Known effect of nepetalactone on animals and insects:
on felines, causing a state of euphoria and pleasure or
relaxation and sedation, depending on the age of the an-
imal [33]. It is a potential natural repellent as opposed
to a synthetic one: repels cockroaches and mosquitoes,
in particular Aedes aegypti, is poisonous to flies, but is
a sex pheromone for aphids [34].

Linalool is characterized by low toxicity, exhibits
anticancer, antimicrobial, neuroprotective, anxiolytic,
antidepressant, antistress, hepatoprotective, renal and
pulmonary activity. It also shows health-promoting po-
tential in the prevention of physiological threats such as
coronary atherosclerosis, Alzheimer's disease, carcino-
genesis and aging processes. The therapeutic potential
of linalool and the prospects of its encapsulation are
currently being studied and actively discussed [35-36].
Current studies of linalool consider it as a bioactive
compound in the treatment of depressive states. The ad-
vantage of linalool compared to conventional antide-
pressants is that its wide range of mechanisms of action
with different pathophysiological factors will allow a
dose reduction in the treatment of depressive disorders
[37]. Regarding the aroma, linalool, depending on the
plant from which it is obtained, can have a different
aroma, mainly floral freshness, reminiscent of lily of
the valley, sage, basil, coriander, lavender or bergamot,
which is why it is widely used in the cosmetic and per-
fume industries. About 80% of fragrances in modern
perfumery and cosmetics contain this substance. At the
request of the International Fragrance Association
(IFRA), the content of linalool in perfumes and cosmet-
ics that does not wash off the skin should be no more
than 0.001%, and in cosmetics that are washed off the
skin — up to 0.01%. Theoretically, long-term contact
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with linalool can lead to allergies, eczema, psoriasis, ir-
ritation of the mucous membrane of the eyes, depres-
sion, impaired muscle coordination, disorders in the
work of the nervous system, cancer of the breast and
organs of the reproductive system [38-39]. Linalool's
aroma is also why it is widely used in the manufacture
of food products (candy, cookies, ice cream, cakes), as
well as in personal care products, for cleaning, home
care, detergents and as a fumigant for grain storage and
as a pest repellent [40-42].

B-Farnesene has wide applications in industrial
and agricultural production of pesticides, lubricants,
surfactants, cosmetics, and biofuels [43]. Recently, -
farnesene has been used for the synthesis of vitamin E
[44].

Linalyl acetate is moderately toxic to humans. It
has a floral sweet-lemon aroma, sometimes described
as a combination of bergamot and lavender comple-
mented by a green spicy note with a clean woody tart
nuance, and sometimes as aroma mint and slightly
cumin. It has an inhibitory effect on microorganisms,
including bacteria, viruses, fungi and protozoa [45-46].
It has an anti-inflammatory effect on the human body,
is an effective antioxidant, does not have genotoxic,
phototoxic, or photoallergenic properties. Can be used
as a food additive to improve the taste and aroma of
food [46-47].

Menthol is a widely known organic compound that
is used by humans in a huge number of over-the-coun-
ter medicines. But despite this, there is still an incom-
plete understanding of its clinical pharmacology today.
Known for its analgesic properties: reduces sensory hy-
persensitivity in pain types such as visceral pain, in-
flammatory pain, and neuropathic pain [48]. In derma-
tology — as a cooling, antiseptic, antipruritic agent [49].
It easily dissolves in human blood and actively reacts
as an antioxidant [50].

Therefore, the practical use of essential oils of the
investigated chemotypes of M. longifolia var. asiatica,
given their chemical composition, is possible in medi-
cal practice, pharmacy, cosmetic and food industries.

Conclusion

Hense, according to the results we obtained in la-
boratory conditions, it is established high potential the
synthesis of essential oil of M. longifolia var. asiatica
during the introduction of plants into the NBG. This va-
riety of M. longifolia was introduced for the first time
in Ukraine. Two genotypically different plant samples
of origin were tested — from natural conditions of Azer-
baijan (A) and from Moldova (M); the rate of essential
oil yield was 2.36+0.63% and 1.49+0.29%, respec-
tively. It was determined that the dominant compounds
are carvone oxide, piperitone oxide, methyl eugenol,
piperitenon, nepetalactone, linalool, B-farnesene(Z)
and linalyl acetate, which directly or indirectly form the
aroma and determine certain pharmacological proper-
ties. This experimental material proves the perspective
of further comprehensive introduction, selection and
pharmacological studies of M. longifolia var. asiatica
precisely as an essential oil plant.
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