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ABSTRACT: The genus Nepeta, belonging to the family Lamiaceae, includes about 300
species, most of which are used in folk medicine due to their pronounced biological properties.
The aim of the present study was to evaluate the agrobiological characteristics of Nepeta
transcaucasica (N. transcaucasica) Grossh. and Nepeta cataria (N. cataria) L., cultivated in
Bulgaria, and obtain their essential oils and determine their antimicrobial and antioxidant
activities. The agrobiological characteristics of the two species growing in Kazanlak were
analyzed; therefore, high variability in the population of N. transcaucasica and comparative
homogeneity in N. cataria was shown. The species N. transcaucasica contained 0.28% essential
oil with main components f-citronellol (52.05%), eucalyptol (7.34%), f-citronellal (6.06%),
germacrene D (5.45%), (Z)-f-ocimene (5.14%), and f-caryophyllene (3.06%). The species N.
cataria consisted of 0.19% essential oil with main components f-citronellol (26.31%), geraniol
(15.92%), neral (11.45%), nerol (9.56%), carvacrol (6.04%), and S-citronellal (5.35%). The
antibacterial activity against Gram-positive bacteria Listeria monocytogenes and Staphylococcus
aureus and Gram-negative bacteria Escherichia coli (E. coli) and Salmonella enterica subsp. enterica
serovar Abony was determined. The essential oils showed antimicrobial activity only against E. coli. The diameters of the inhibition
zones were found to be 26 mm for the species N. transcaucasica and 10 mm for the species N. cataria. The antioxidant activity of the
two essential oils was also determined by four different methods, DPPH, ABTS, FRAP, and CUPRAC, with the highest values for
the ABTS radical, for the species N. transcaucasica (48.72 uM TE/mL), and the species N. cataria (310 yuM TE/mL).
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Bl INTRODUCTION

The genus Nepeta is one of the largest of the Lamiaceae family,
with about 300 species distributed in temperate regions, mainly
in central and southern Europe, the Middle East, central and

comparative analysis of these studies shows that the amount of
the main components varies depending on the origin of the
plant, the soil and climatic conditions, the individual stages of
its development,'* and the methods of drying the raw material

south Asia, and some parts of Africa and North America. Most
species of Nepeta are endemic, especially in Southwest Asia
(Turkey and Iran). The plants of the genus are known for their
medicinal properties, which is why they are mainly used in folk
medicine to treat various diseases.'

The species N. transcaucasica Grossh. and N. cataria L. are
most widely used for decorative and culinary purposes, as well
as in folk medicine.*""

The chemical composition of the essential oil of the species
N. cataria has been the subject of several studies by authors
from different countries. The oxygenated monoterpenes such
as citronellal, neral, geranial, citronellol, nerol, and geraniol,
some small amounts of other oxygenated monoterpenes, and
sesquiterpenes such as fS-caryophyllene and a-humulene have
been identified as the main components in its composi-

L 11-27 . i 20,282
tion as and other volatile aromatic compounds. * The
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before distillation."> The essential oil has proven antimicro-
bial"'*'!?7** and antioxidant activity.'”*'~** It also exhibits
other biological properties,”'”'**"** which is why it finds a
) 12,30
variety of applications.
The N. transcaucasica essential oil has been the subject of
less research. It was established that its main components were
monoterpene hydrocarbons such as a-pinene, S-pinene,

myrcene, limonene, and y-terpinene’’ and their oxygenated

derivatives such as citral, citronellol, and 1,8-cineole””**% as
Received: February 2, 2023 0) e
Accepted: March 28, 2023 =5l
Published: April 19, 2023 o

X V/E

https://doi.org/10.1021/acsomega.3c00704
ACS Omega 2023, 8, 1544115449


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Silviya+Mollova"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Anatoli+Dzhurmanski"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hafize+Fidan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dimitar+Bojilov"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Stanimir+Manolov"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ivayla+Dincheva"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ivayla+Dincheva"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Stanko+Stankov"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Albena+Stoyanova"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sezai+Ercisli"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Amine+Assouguem"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Romina+Alina+Marc"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Romina+Alina+Marc"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Riaz+Ullah"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ahmed+Bari"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c00704&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00704?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00704?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00704?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00704?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/8/17?ref=pdf
https://pubs.acs.org/toc/acsodf/8/17?ref=pdf
https://pubs.acs.org/toc/acsodf/8/17?ref=pdf
https://pubs.acs.org/toc/acsodf/8/17?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c00704?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/

ACS Omega

http://pubs.acs.org/journal/acsodf

well as nepetalactones.””*>** The essential oil has proven
antimicrobial activity.***

In Bulgaria, species of the Nepeta genus are found mainly in
the wild’’ and are used in folk medicine.”’~*’

For several years, two species of N. transcaucasica and N.
cataria, which are currently not industrial raw materials for
obtaining essential oil, have been grown in the experimental
field of the Institute of Roses, Essential and Medical Plants, the
city of Kazanlak, Bulgaria.

In this experimental field, systematic studies are carried out
to establish the influence of soil and climatic conditions on the
development of plants of both species, stem height, flower size,
and flowering time, to select the most suitable samples for
essential oil extraction.

The aim of the present study was to determine the chemical
composition and the antimicrobial and antioxidant activities of
essential oils from the species N. transcaucasica and N. cataria,
grown under the conditions of the Kazanlak field, with
possibilities for their application in food and cosmetic
preparations.

B MATERIALS AND METHODS

Plant Material. Populations of biennial plants of N.
transcaucasica Grossh. and N. cataria L. were studied. Fresh
stalks of the species N. transcaucasica and N. cataria, grown in
the experimental field of Institute of Roses, Essential and
Medical Plants, city of Kazanlak, Central Bulgaria
(42.61°94'408"N 25.39°29'576"E, altitude of 407 m) were
used. The experiments were conducted in 2019.

The soils in the area were leached cinnamon forest,
developed on old diluvial deposits, structureless with good
aeration and water permeability, with an acidic pH of 4.9, and
poorly stocked with nitrogen 20.5 mg/1000 g, phosphorus
425 mg/100 g, potassium 21.75 mg/100 g, and a humus
content of 1.8%.

Plants were grown under nonirrigated conditions, with
planting patterns 0.7 m between rows and 0.3 m within the
row.

Essential Oils. Isolation of Essential Oils. The raw
material was collected during the mass flowering phase, with
a moisture content between 60 and 65%, determined by drying
at 105 °C to a constant mass.*’ It was processed by steam
distillation in a laboratory copper distillation apparatus with a
capacity of S L and a process duration of 2 h. The distillation
type for obtaining essential oil at technological parameters was
close to the production conditions in which the essential oils
were mainly processed by steam distillation. The oil obtained
was dried over anhydrous sulfate and stored in tightly closed
dark vials at 4 °C until analysis.

Chemical Composition of Essential Oils. Prior to the GC—
MS analysis, 100.0 4L of the essential oils was vacuum-dried in
a centrifugal vacuum concentrator (CentriVap, Labconco,
Kansas City, Missouri) at 40 °C. The dried residue was
dissolved in a 100 uL solution of methoxyamine hydrochloride
(20 mg/mL in pyridine) and heated at 70 °C for 1 h at
constant shaking (300 min™') (Thermo Shaker TS-100,
Analytik Jena AG, Germany). After cooling, 100 uL of N,O-
bis(trimethylsilyl) trifluoroacetamide (BSTFA, silylation
agent) was added, and the mixture was heated again while
stirring (70 °C, 40 min, 300 min~'). The injected sample
volume was 1.0 uL.

GC—MS analysis was performed on an Agilent 7890A
chromatograph interfaced with a 5975C mass-selective

detector (Agilent Technologies, Inc, Santa Clara, USA).
Separations were done on an HP-5Sms column, 30 m X 0.25
mm (i.d.) coated with a 0.25 um film of poly-
(dimethylsiloxane) as the stationary phase. The instrumental
parameters were as follows: the carrier gas was helium,
maintained at a constant rate of 1.0 mL/min; an injector and
transfer line temperature of 250 °C; an MS source temperature
of 230 °C; the oven temperature program started from 100 °C
(held for 2 min); then, the temperature was increased to 180
°C at a rate of 15 °C/min (held at 180 °C for 2 min) and then
to 300 °C at a rate of S °C/min (held at 300 °C for 10 min); a
total run time of 42 min; a split mode of 20:1; MS scans from
50 to 550 m/z. The components in the sample were identified
based on their retention indices and by comparing their mass
spectra with those in the NIST 08 spectra library."' The
retention (Kovats) indices were calculated using a standard
calibration mixture of n-alkanes (Cg—C,y) in n-hexane. The
amounts of the identified compounds were expressed as a
percentage of the total ion current (TIC), after normalization
of the recorded peak areas.

Antimicrobial Activity of Essential Oils. The antimicrobial
activity of essential oils and distillates was tested against
pathogenic and opportunistic bacteria. The test cultures were
derived from the National Bank for Industrial Microorganisms
and Cell Cultures in Sofia, Bulgaria. Gram-positive bacteria
used in our study were Listeria monocytogenes NCTC 11994
and Staphylococcus aureus (S. aureus) ATCC 25093, and Gram-
negative bacteria were Escherichia coli (E. coli) ATCC 8739 and
Salmonella enterica subsp. enterica serovar Abony NCTC 6017.

The medium was inoculated with a 24 h suspension of the
bacterial species at a density of approximately 107 cfu/mL
(turbidity: 0.5 McFarland standards). The antimicrobial
activity was determined by a modification of the “agar
diffusion” method by measuring the zones of inhibition of
the growth of pathogens and fungi (mm) around sterile rings
(@ 6 mm) in which 0.05, 0.07, and 0.10 mL of essential oil
were placed.*”

Antioxidant Activity of Essential Oils. Chemicals and
Reagents. Chromatographic-grade methanol and ethanol were
used for HPLC analyses (VWR, Austria). Ammonium acetate,
copper(Il) chloride, glacial acetic acid, sodium acetate
trihydrate, ferric chloride hexahydrate, quercetin, 6-hydroxy-
2,5,7,8-tetramethychroman-2-carboxylic acid (Trolox), and
reagents 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), neocu-
proine (2,9-dimethyl-1,10-phenanthroline), and 2,4,6-tripyr-
idyl-s-triazine (TPTZ) were purchased from Sigma-Aldrich.

ABTS Assay. The Trolox equivalent antioxidant capacity
(TEAC) was determined by using the colorimetric method
reported by Re et al.”” with slight modifications.**

DPPH Assay. The antioxidant activity was measured
according to the procedure of Brand-Williams et al.*

Cupric lon Reducing Antioxidant Capacity (CUPRAC)
Assay. The cupric ion reducing antioxidant capacity
(CUPRAC) method described by Apak et al. was performed.*

Ferric Reducing Antioxidant Power (FRAP) Assay. The
ferric-reducing antioxidant power (FRAP) method described
by Benzie and Strain was performed.”’

Statistical Analysis. The analyses were made in triplicate.
The data were expressed as the mean + SD. Data were
expressed as mean + SD. The level of significance was set at p
< 0.0S. Statistical program SPSS 19.0 software was used for
data analysis by one-way ANOVA followed by Tukey’s post hoc

https://doi.org/10.1021/acsomega.3c00704
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Table 1. The Agrobiological Parameters of N. transcaucasica

width stems inflorescences
no. height, cm  in the row, cm  row spacing, cm  diameter, mm  length, cm  width, cm  herb total, g  mass flowering odor of the plant
1 80 125 125 N 20 3.5 1003 1S May strong, rough
2 80 125 128 S 20 3 483 15 May nice, fresh
3 S8 S0 75 4 20 3 230 15 June foul smell, strong
4 80 75 80 N 20 3 750 1§ May pleasant
S 68 SS 70 S 20 3 530 15 June strong, pleasant
6 77 N 80 N 20 3 640 1 June strong, pleasant
7 35 40 45 4 20 3 70 21 April foul smell
8 90 110 130 S 2§ 3 998 1S June fresh, pleasant
9 35 35 60 4 20 3 70 21 April fresh, strong
10 78 110 120 S 18 3 1060 15 June slightly foul smell
11 70 70 85 6 20 3 830 1 June average
12 74 75 80 N 20 3 530 1 June strong, pleasant
13 68 S3 75 4 20 3 430 1 June strong, pleasant
14 94 105 115 N 20 3 823 1S June average
15 85 100 115 N 18 3.5 1173 15 June strong, pleasant
16 65 65 9s S 15 2.5 1583 1S June rough
17 92 100 110 N 20 3 1540 22 June strong, pleasant
18 85 9S 106 N 25 4 1430 1S June average
19 88 100 110 S 20 3 1200 15 June slightly foul smell
20 80 95 108 S 20 3 830 1S5 June average
Mean value
74.1 81.9 95.5 4.9 20.1 3.1 738.7
Mean square deviation
13.2 2528 21.8 0.5 2.1 3.1 358S.5
Coefficient of variation
17.0 27.8 21.6 9.6 10.3 9.9 36.4
Table 2. The Agrobiological Parameters of N. cataria
stems herb yield
S
height, width, above 6 mm, under  stems above stems, S stems under stems above  stems, S  stems under
no. cm cm mm, no. no. mm, no. 6 mm, g mm, g 4 mm, g total, g 6 mm, % mm, % 4 mm, % total, %
1 80 90 12 1 4 213 11 27 251 23.1 27.3 25.9 23.6
2 82 90 1 6 6 135 73 31 239 26.6 24.4 25.8 25.8
3 87 85 3 8 1 109 92 S 206 28.4 22.8 20.0 25.7
4 80 85 8 2 2 244 28 18 290 30.7 28.6 222 30.0
S 73 70 4 6 1 102 83 6 191 324 23.5 20.0 28.1
6 77 80 4 4 6 93 57 32 182 26.9 28.1 21.9 26.4
7 82 78 2 8 2 98 56 14 168 31.6 26.8 214 29.2
8 81 92 N 2 10 242 35 64 341 29.3 28.6 234 28.2
9 85 90 10 1 4 302 17 23 342 31.5 29.4 26.1 31.0
10 78 82 S 8 2 69 72 10 151 333 29.2 25.0 30.8
Mean value
80.5 84.2 S4 4.6 3.8 160.7 52.4 23 236.1 29.4 26.9 232 27.9
Mean square deviation
3.8 6.3 3.5 22 3.0 78.1 219 19.5 67.3 2.9 22 227 2.3
Coefficient of variation
4.7 7.5 46.1 352 52.5 39.4 331 55.8 26.5 9.7 8.3 9.7 8.2

test to evaluate differences between mean values of activities
(SPSS, Inc., Chicago, IL, USA).

B RESULTS

Plant Growth and Development. Agrobiological studies
show that the soil—climatic conditions are favorable for the
development of Nepeta transcaucasica and Nepeta cataria and

form a significant and quality raw material.

15443

The population of N. transcaucasica is highly heterogeneous
according to the studied agrobiological parameters. Precocious
plants numbered 7 and 9 stand out, which enter the mass
flowering phase at the beginning of the third 10 days of April
but form an insignificant above-ground mass and yield a fresh
herb of only 70 g per plant. In the case of the late forms,
entering the phase of mass flowering in the middle of June, the
highest productive indicators are observed, reaching a fresh
herb yield of 1540 g from one plant. The established significant

https://doi.org/10.1021/acsomega.3c00704
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Table 3. Chemical Composition of N. transcaucasica and N. cataria Essential Oils®

peak
1
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52

oxygenated aliphatics, %
monoterpene hydrocarbons, %
oxygenated monoterpenes, %
sesquiterpene hydrocarbons, %
oxygenated sesquiterpenes, %
phenylpropane hydrocarbons, %
oxygenated phenylpropanes, %

RT, min
9.45
10.76
10.90
11.00
11.18
11.33
11.59
12.46
12.63
12.72
12.88
13.19
13.37
13.54
13.92
14.87
15.18
15.67
15.73
16.02
16.34
16.52
16.66
17.01
17.29
17.76
18.12
18.99
19.10
19.47
19.91
20.01
20.76
21.15
22.09
22.32
22.40
22.83
23.05
23.21
24.01
24.25
24.81
2491
25.59
25.92
26.21
26.47
26.60
2791
28.05
29.00

Ry

933

969

971

975

978

989

995

1020
1023
1026
1031
1045
1051
1055
1064
1095
1107
1121
1129
1140
1144
1148
1152
1157
1161
1185
1193
1222
1126
1234
1250
1265
1299
1313
1350
1349
1384
1386
1388
1390
1418
1431
1440
1451
1485
1500
1506
1514
1520
1576
1581
1593

Rl
932
969
972
974
979
988
994
1020
1024
1026
1032
1044
1051
1054
1065
1095
1106
1122
1128
1140
1145
1148
1152
1157
1160
1186
1194
1223
1227
1235
1249
1264
1298
1312
1350
1360
1385
1387
1389
1391
1417
1430
1440
1452
1484
1500
1505
1513
1521
1577
1582
1592

compounds
a-pinene
sabinene
1-octen-3-one
p-pinene
3-octanone
myrcene
2-octanol
p-cymene
limonene
eucalyptol (1,8-cineole)
(Z)-p-ocimene
(E)-p-ocimene
bergamal
y-terpinene
(Z)-sabinene hydrate
P-linalool
(Z)-rose oxide
(E)-rose oxide
allo-ocimene
(E)-verbenol
isopulegol
P-citronellal
3-(Z)-nonen-1-ol
2-(E)-nonen-1-al
(Z)-isocitral
a-terpineol
myrtenol
P-citronellol
nerol
neral
geraniol
geranial
carvacrol
citronellic acid
citronellyl acetate
neryl acetate
4a-a,7a,7a-f-nepetalactone
f-bourbonene
f-elemene
4a-a,7p,7a-a-nepetalactone
P-caryophyllene
p-copaene
(Z)-p-farnesene
a-caryophyllene
germacrene D
bicyclogermacrene
f-bisabolene
y-cadinene
P-sesquiphellandrene
spathulenol
caryophyllene oxide

viridiflorol

N. transcaucasica

0.24 + 0.02°
0.64 + 0.05°
0.04 + 0.0
0.94 + 0.08°
0.33 + 0.03°
0.27 + 0.02°
0.04 + 0.0°
0.03 + 0.0°
0.35 + 0.03°
7.34 + 0.70°
5.41 + 0.50°
0.83 + 0.07°
0.06 + 0.0°
0.07 + 0.0
0.05 + 0.0
0.07 + 0.0°
1.30 + 0.10°
0.63 + 0.05°
0.26 + 0.02°
0.17 + 0.01*
0.09 + 0.0°
6.06 + 0.40°
0.18 + 0.01*
0.12 + 0.01*
0.26 + 0.02*
0.28 + 0.02°

52.05 + 5.00°
2.13 + 0.20°
2.42 + 0.20°
1.44 + 0.10°
1.51 + 0.10°
0.11 + 0.01*
0.25 + 0.02°
0.30 + 0.03°
0.05 + 0.0°
0.08 + 0.0°
0.06 + 0.0
027 + 0.02
1.62 + 0.10°
3.06 + 0.30°
0.09 + 0.0
0.27 + 0.02°
0.16 + 0.01*
5.45 + 0.50°
0.39 + 0.30
0.11 + 0.0
0.05 + 0.0
0.08 + 0.0
0.12 + 0.0
1.54 + 0.10°
0.05 + 0.0°
0.71

9.03

78.38

10.02

1.71

0.03

0.11

N. cataria

0.12 + 0.01*
0.27 + 0.02°

*

0.59 + 0.05°
0.20 + 0.02°
0.06 + 0.0*
0.07 + 0.0*
0.04 + 0.0*
0.16 + 0.01°
0.08 + 0.0*
0.15 + 0.01°
027 + 0.02°
0.09 + 0.0

0.15 + 0.01°
0.44 + 0.03
0.10 + 0.01°
0.14 + 0.01°
0.64 + 0.05
0.36 + 0.03°
5.35 + 0.50°
1.54 + 0.01°
0.46 + 0.04°
0.89 + 0.80°
0.51 + 0.0
0.62 + 0.06
2631 + 2.50°
9.56 + 0.90°
11.45 + 1.10°
15.92 + 1.40°
11.58 + 1.10°
6.04 + 0.50°
0.12 + 0.01*
0.05 + 0.0*
0.08 + 0.0°
0.06 + 0.0*

0.33 + 0.03°
297 + 0.22°
0.14 + 0.10*
0.26 + 0.02*
0.15 + 0.01°

133 + 0.10°
0.07 + 0.0°
228

1.76

84.93

3.53

1.40

0.04

6.06

“The total ion current (TIC) depends on the characteristics of the compound, and therefore, GC/MS data are considered as semiquantitative. The
asterisk (*) indicates not detected; different letters in the same row indicate significant differences (p < 0.0S).
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Table 4. Inhibition Zones of N. transcaucasica and N. cataria Essential Oils, mm®

concentration of essential oil, mL

N. transcaucasica 0.10 26 + 0.11°
0.07 -2
0.05 -

N. cataria 0.10 10 + 0.12°
0.07 9 + 0.11°
0.0 -

Escherichia coli

Salmonella enterica Listeria monocytogenes Staphylococcus aureus

“The asterisk (*) indicates that no inhibition of microbial activity was observed; different letters in the same row indicate significant differences (p

< 0.05).

Table S. Antioxidant Activity of N. transcaucasica and N. cataria Essential Oils”

ABTS DPPH CUPRAC FRAP
essential oils uM TE/mL ICs, mg/mL #M TE/mL 1C4p, mg/mL uM TE/mL uM TE/mL
N. transcaucasica 48.72 + 1.10° 57.48 + 1.21° 5.97 + 0.23° 265.60 + 9.72° 8.82 + 0.06° 3.68 + 0.03°
N. cataria 310.66 + 10.91° 6.37 + 0.22° 101.50 + 5.79¢ 8.17 + 0.48* 113.55 + 7.20° 132.33 + 5.36°

“Different letters in the same row indicate significant differences (p < 0.05). The highest values are for the ABTS radical, from the species N.
transcaucasica (48.72 uM TE/mL), and the species N. cataria (310 uM TE/mL). ICs, values were lower for N. cataria species, indicating that it had

a higher antioxidant effect than N. transcaucasica oil.

differences in the organoleptic evaluation of fresh herbs are a
prerequisite for selecting suitable forms with increased odor
characteristics of the plant. The data are presented in Table 1.

The population of N. cataria is relatively uniform, with a
typical citral odor of the drug without the off-flavor
characteristic of specimens from the wild flora. The agro-
biological characteristics of Nepeta cataria are presented in
Table 2. A highly variable indicator is the number of stems of
different thicknesses, forming a different structure in producing
the fresh drug. The presence of plants with a more significant
number of thinner stems determines the presence of more leaf
mass. Therefore, it predetermines a higher essential oil content
in the drug because the primary essential oil containers are
found in the leaves. In this connection, differences are also
observed in the drying rate, determined by the different
thicknesses of the stems and their lignification.

Chemical Composition of Essential Oils. Essential oils
are easily mobile light yellow liquids with a specific smell,
which does not contradict the data from the literature.'”

The chemical compositions of the oils are presented in
Table 3. As seen, S1 components representing 99.72% of the
total content were identified in the oil from N. transcaucasica.
Thirteen of them were in concentrations over 1%, and the rest
of the 38 constituents were in concentrations under 1%. The
major constituents (about 3%) of the oil are as follows: f-
citronellol (52.05%), eucalyptol (7.34%), f-citronellal (6.06%),
germacrene D (5.45%), (E)-f-ocimene (5.14%), and f-
caryophyllene (3.06%).

Forty-one compounds were identified in the composition of
N. cataria, representing 99.72% of the total content identified
in the oil. Ten of them were in a concentration over 1%, and
the rest of the 30 constituents were in concentrations under
1%. The major constituents (about 3%) of the oil are as
follows: p-citronellol (26.31%), geraniol (15.92%), neral
(11.45%), nerol (9.56%), carvacrol (6.04%), and f-citronellal
(5.35%).

Antimicrobial Activity. The diameters of the zones of
inhibition compared to the tested test cultures are presented in
Table 4. The data show that the oils are only active against the
Gram-negative bacterium E. coli, with the other test cultures
being resistant.

15445

Antioxidant Activity. The antioxidant activity results are
presented in Table 5.

B DISCUSSION

The presence of plants with a more significant number of
thinner branches determines the presence of more leaf mass
that has not fallen; this, in turn, determines the content of
essential oil in the drug because the leaves contain the primary
containers of essential oil. In this regard, the drying rate
depends on the thickness of the stems, which is determined by
the different degrees of lignification.

The Nepeta plants can be harvested twice. The first mowing
could be in the budding phase, the beginning of flowering
when the plant has a significant leaf mass that has yet to fall
from the high temperatures in July. The second mowing could
be done in the fall, at the beginning of October, when the
plants massively stop flowering, and a significant amount of
essential oil accumulates in the inflorescences.

The soil—climatic conditions in the Kazanlak field are
favorable for developing both species since they form a
significant above-ground mass. The population of the species
N. transcaucasica is highly heterogeneous according to the
studied agrobiological parameters and allows the selection of
suitable forms. The N. cataria population is relatively uniform
with a typical citral smell of the plant without side, unpleasant
notes, characteristic of specimens collected from natural
habitats in Bulgaria.

These values approach the data described in the literature
for the species N. cataria by Acimovi¢ et al*' (0.24%) and
Tiwari et al.”* (0.1—03%). Still, they differ from the data of
Baranauskiené et al”® (5.94%). For the species N. trans-
caucasica, yield data also differ from those published in the
literature by Mishurova and Shikhiev®' (0.94%) and Pelyakh et
al** (0.8—1.4%). The soil and climatic conditions can explain
the established differences in the amount of essential oil in
both species during the vegetation of the plants.

The chemical composition of the two investigated oils is
similar, with the identified components differing only in
quantity. The N. transcaucasica essential oil has a higher
content of oxygenated monoterpenes eucalyptol and pS-
citronellol, of the monoterpene hydrocarbon f-ocimene, of

https://doi.org/10.1021/acsomega.3c00704
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the sesquiterpene hydrocarbon germacrene D, and nepetalac-
tones. A higher amount of monoterpene alcohols nerol and
geraniol, aldehydes neral and geranial, and phenol carvacrol
was found in the oil of the N. cataria species. These differences
can be explained by species characteristics, which were also
found by other authors when studying the chemical
composition of essential oils from different species of the
genus Nepeta.2’4’20’24’26

The distribution of the compounds by groups (% of the
composition) is presented in Table 3. The data show that
oxygenated monoterpenes dominated (78.38 and 84.93%) the
composition of the studied oils followed by sesquiterpene
hydrocarbons (0.02 and 3.53%).

The comparative analysis of the chemical composition of N.
transcaucasica essential oil shows that the amounts of the main
components differ from the data in the literature. According to
Baranauskiené et al,” the main compounds were oxygenated
monoterpenes such as citronellol (17.69%), geranial (9.05%),
and geranyl acetate (8.20%). Mishurova and Shikhiev®'
determined that the main compounds were monoterpene
hydrocarbons such as a-pinene (2.2%), f-pinene (11.8%),
myrcene (0.5%), limonene (7.4%), and y-terpinene (7.81%);
by Pelyakh et al,”* the main compounds were oxygenated
monoterpenes such as citral (8.1—24.6%) and citronellol
(21.6—54.8%). Kilic*® reported that the main compound was
oxygenated monoterpene 1,8-cineole (14.4%). In the essential
oil studied by us, the amounts of nepetalactones were deficient,
in contrast to the data of Baranauskiené et al.”® (14.34%),
Kilic** (18.5%), Karakus et al.** (93.75%), and Iscan et al.*
(over 65%).

In the case of N. cataria essential oil, differences were also
found with the data from the literature regarding the amounts
of oxygenated monoterpenes such as p-citronellol, geraniol,
neral, nerol, carvacrol, and f-citronellal. In the essential oil
studied by us, the quantities of nepetalactones were deficient,
in contrast to the data of Baranauskiené et al.*’ (over 80%),
Tiwari et al.”> (67.9-87.5%), and Azizian et al** (81.3%).
These differences can be explained mainly by how essential oils
are obtained. In the steam distillation used in this study, only
the primary oil is separated in the receiver of the apparatus,
and the resulting distillates are discarded. In laboratory
glassware, where the raw material is processed by water
distillation, primary and secondary oils are separated in the
receiver. The raw material boils with the distillation water,
which can change the oil's chemical composition. The
influence of various technological factors, such as temperature,
pressure, and duration, on the chemical composition, including
the content of nepetalactone, was investigated in the
preparation of extracts with CO, and essential oil of the
species Nepeta persica Boiss. "

Twenty-four known aromatic substances can cause allergic
reactions, as described in the EU Directive (1223/2009)." It
has been established that using various cosmetic preparations
(emulsion creams, gels, lotions, shampoos, masks, etc.)
containing some of the allergens listed in the Directive may
cause various skin changes, the so-called allergic contact
dermatitis on the face, hands, and scalp. Symptoms of allergic
reactions are swelling, redness, rashes, severe itching, eczema,
or increased skin sensitivity, expressed by a feeling of pain.
These symptoms can appear hours or days after using the given
cosmetic product, which is why specialists often experience
difficulties accurately identifying the allergen. Allergic reactions

can_(a)lsso7 include headache, sneezing, runny nose, watery eyes,
etc.””

Six of the allergens specified in the EU Directive were found
in the tested oils, and their quantity is as follows:

In the N. transcaucasica species are f-citronellol (52.05%),
neral (2.42%), geranial (1.51%), geraniol (1.44%), limonene
(0.35%), and f-linalool (0.07%).

In the N. cataria species are fS-citronellol (26.31%), geraniol
(15.92%), geranial (11.58%), neral (11.45%), limonene
(0.16%), and B-linalool (0.15%).

The data show that the total amount of allergens is higher in
N. cataria essential oil, which should be avoided or properly
labeled when required by regulations about leave-on and rinse-
off cosmetic products.

Despite the high content of oxygenated monoterpenes,
which have proven biological properties,” the oils have weak
antibacterial activity.

The essential oil of N. cataria species is known to have a
strong inhibitory effect on the growth of three species of
Bacillus bacteria—Bacillus cereus, Bacillus subtilis, and Bacillus
amyloliquefaciens. It was found to have a low antimicrobial
activity against S. aureus, and E. coli and Pseudomonas
aeruginosa were resistant. This action is explained by the
presence of nepetalactone in the oil.'” It shows good
antibacterial activity, especially on Salmonella typhi,"® against
the yeast Candida albicans'' and other micro-organ-
isms, 16212436

The essential oil of the species N. transcaucasica has proven
activity against Candida yeasts,” and extracts of the plant with
polar solvents have antibacterial activity.*®

Copper and iron are essential trace elements in many
enzymes and physiological processes. However, in the free
form, they have a toxic effect because Cu(Il) catalyzes the
oxidation of ascorbic acid, and reactive oxygen systems (ROS)
such as superoxide radicals (O,*”) and H,0, are generated. In
this catalytic process, Cu(II) and Fe(II) react with H,0,, and
hydroxyl radicals (*OH) are generated via the Fenton
reaction.’

Reactive oxygen species (ROS) are a result of cellular
metabolism. Under physiological conditions, enzyme systems
regulate ROS levels. They are known to damage vital
molecules of biological importance such as phospholipids,
proteins, and DNA. It has been shown that damage caused by
them is associated with the development of a number of
diseases (cancer, cardiovascular diseases, atherosclerosis, and
Alzheimer’s disease).”’ Even in a state of physiological health,
the toxic effects of oxygen and its derivatives accumulating in
the body lead to a reduction in life expectancy.®'

In the present work, we investigated the antioxidant activity
of the essential oil of two species of Nepeta. We used different
methods to evaluate the ability to deactivate free radicals and
the ability to reduce copper (Cu*") and iron (Fe®") ions.

Depending on the mechanism of the antioxidant reaction,
the methods were divided into hydrogen atom transfer (HAT)
and single electron transfer (SET) techniques. The HAT
method is based on the antioxidant’s ability to quench free
radicals via a hydrogen donor. SET methods are characterized
by the reductive ability of one electron transfer of the tested
antioxidant to a radical species. FRAP and CUPRAC are
single-electron transfer methods. ABTS and DPPH methods
are considered as methods using both hydrogen and single-
electron transfer.”>%*

https://doi.org/10.1021/acsomega.3c00704
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There are data in the literature on the antioxidant activity of
Nepeta species extracts™ with different polar solvents, making
it difficult to compare.

The antioxidant action of the oils is explained by the high
content of oxygenated monoterpenes, which have a proven
biological effect.”® According to Tepe et al,’* the high
antioxidant activity of N. cataria essential oil is due to the
oxygenated monoterpene derivatives 1,8-cineole and linalool.
In the studied oils, the first component is in greater quantity in
the species N. transcaucasica (7.34%), while the species N.
cataria is minimal (0.08%). The linalool content in both oils is
in low concentrations, 0.07 and 0.15%, respectively. In a study
by Azizian et al.,”* it is stated that the species N. cataria has a
high content of polyphenolic acids such as ferulic, chlorogenic,
caffeic, and coumaric, as well as flavonoids, which determines
antioxidant capacity by DPPH (77.26%) and FRAP ( 2.23
umol Fe'* g7h).

It is possible that the higher antioxidant activities of N.
cataria compared to N. transcaucasica is due to the higher
contents of N. cataria in the sum of oxygenated terpenoids
(Table 3), such as oxygenated compounds, for example,
verbenol, isopulegol, 3-(Z)-nonen-1-ol, a-terpineol, myrtenol,
P-citronelol, nerol, geraniol, and carvacrol.

B CONCLUSIONS

Comparative agrobiocharacteristics of two cultural species of
the genus Nepeta, N. transcaucasica and N. cataria, cultivated in
Bulgaria, were carried out. The soil and climatic conditions in
the Kazanlak field are favorable for developing both species
and determining the formation of significant and high-quality
plant material. They differ in yield, chemical composition, and
biological activity of essential oils. The species with higher
antibacterial activity was N. transcaucasica essential oil, which
can be included in food products. The N. cataria essential oil
had more pronounced antioxidant activity. Still, it had a higher
content of allergens in essential oil, which is an indicator that
should be avoided in cosmetic products. The application of
essential oils in food and cosmetic products could be a subject
of our future research.
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