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Abstract. Micromeria dalmatica Benth. is a Balkan endemic medicinal and aromatic plant widely used as herb or spice. Methanolic and
aqueous extracts of three populations of M. dalmatica were evaluated for free radical scavenging activity against DPPH radicals. All
studied extracts showed significant activity. No difference was found in the antiradical properties between methanolic and aqueous
extracts. Comparative analysis of metabolites of plant material of the studied populations was done by GC-MS. The results showed
that M. dalmatica is rich in essential nutrients as phenolic and organic acids, triterpenes (amyrin), sterols, fatty acids (saturated and
unsaturated). The content of these important biologically active substances determines M. dalmatica as a valuable spice and medicinal

plant.
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Introduction

According to Chater & Guinea (1982), there are 21 species of
Micromeria in Europe. At least eighteen of them could be con-
sidered in Central and Eastern Europe (CE Europe). Even
though CE Europe covers a much larger area, the occurrence
of Micromeria species here could be restricted to the Balkans
and Eastern Mediterranean. Micromeria species are tradition-
ally used as medicinal plants and spices. Numerous studies
have proved antimicrobial, antioxidant, gastroprotective,
hepatoprotective, cytotoxic, anti-inflammatory, and analgesic
activity of different Micromeria species (Said et al. 2002, Abu-
Gharbieh et al. 2013, Bukvicki et al. 2015). Of the four species
occurring naturally in Bulgaria (Assyov etal. 2012), M. dalmat-
ica Benth. (Fig. 1) is most extensively collected and widely
used as a spice. The composition of essential oil of M. dalmat-
ica has been well studied (Kostadinova et al. 2007, Radulovi¢
& Blagojevi¢, 2012, Bukvicki et al. 2015). Kostadinova et al.
(2007) reported that high quantities of essential oil character-
ize M. dalmatica from Bulgaria with the domination of mono-
terpenic ketones: pulegone (35,8%), piperitenone (18,6%),
menthone (15,8%) and piperitone (8,0%). It has been found
that the essential oil of M. dalmatica is suitable for use in food
preservation due to its good antimicrobial properties
(Bukvicki et al. 2015). Although many Micromeria species such
as M. barbara, M. croatica, M. nervosa, M. juliana, M. graeca have
been studied for phenolic compounds and antioxidant prop-
erties (Vladimir-KneZzevi¢ et al. 2011, Bakkour et al. 2014,
Ghanem et al. 2014, Brahmi et al. 2017, Sarikurkcu et al. 2020),
data concerning M. dalmatica are insufficient (Nikolova et al.
2016). The flavonoid composition of the species has been pre-
viously studied. Methylated derivatives of flavones have
been identified as the most common flavonoid structures
among Micromeria species (Tomas-Barberan et al. 1991, Marin
et al. 2001, Nikolova et al. 2017).

The present study aimed to assay the free radical scaveng-
ing activity of methanolic and aqueous extracts of different
populations of M. dalmatica and determine their metabolic
composition by GC/MS because of the use in culinary and
herbal medicine.

Figure 1. Micromeria dalmatica in its natural locality - Slavyanka Mts.
(photo: Ina Aneva).

Material and Methods

Plant material
The material for analysis was collected from three natural populations
of M. dalmatica in Bulgaria:

- Slavyanka Mts, Shabran locality, GPS: 41° 24' N, 23° 36' E, 1800
mas.L

- Pirin Mts., 41° 25' N, 23°43' E, 800 m a.s.l.

- Mesta River Valley, GPS: 41° 28' N, 23°03' E, 650 m a.s.1.

DPPH radical scavenging activity

One part of the air-dried plant material (1 g) of each population was
extracted with methanol by classical maceration for 24 h, another (1 g)
with hot water for 6 h. The obtained extracts were evaporated to dry-
ness and then analyzed for DPPH radical scavenging activity, accord-
ing to Stanojevic et al. (2009). Results are presented as IC50 values (ng
mL1) - extract concentration providing 50% inhibition of the DPPH
solution. The IC50 values were calculated by Software Prizm 3.00. All
experiments were carried out in triplicate.

GC-MS analysis.
Methanolic extracts and their lipid and phenolic fractions were ob-

tained as described by Nikolova et al. (2016). The fractions and meth-
anolic extract of each sample were silylated with 50 pL of N,O-bis-
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(trimethylsilyl)trifluoro-acetamide (BSTFA) in 50 pL of pyridine for 2
h at 50°C. The spectra were recorded on a Thermo Scientific Focus GC
combined with a Termo Scientific DSQ mass detector, as described
previously (Nikolova et al. 2016).

Results and Discussion

Free radical scavenging activity

Methanolic and aqueous extracts of three populations of M.
dalmatica were evaluated for free radical scavenging activity
against DPPH radicals. All extracts showed significant activ-
ity with IC50 values less than 50 pg mL-* which is a prerequi-
site for more detailed research. No significant difference in
antiradical properties was found between methanol and
aqueous extracts. This result emphasizes the importance of
using the plant as a spice for culinary purposes, such as an
aqueous extract. The differences between the antioxidant po-
tential of the individual populations are also insignificant.
The received data confirms our previous report (Nikolova et
al. 2016) and support considerable free radical activity estab-
lished for other Micromeria species (Vladimir-Knezevi¢ et al.
2011, Ghanem et al. 2014).

GC/MS-based analysis of M. dalmatica extracts

Bioactive compounds of methanolic extracts of three M. dal-
matica populations were analyzed by GC/MS technique (Ta-
ble 1). Fatty, phenolic and organic acids, sterols, triterpenes
were established. Nine phenolic acids were identified. Caffeic
and rosmarinic acids were determined in the most considera-

ble amount. Hydroxycinnamic, chlorogenic and protocate-
chuic were determined as predominant too. Rosmarimic acid
has been reported as the most abundant of M. thymifolia and
M. graeca phenolic profile (Vladimir-Knezevié¢ et al. 2011,
Brahmi et al. 2017, Sarikurkcu et a., 2019). At the same time,
chlorogenic acid has been determined as the main phenolic
acid of M. barbata (Ghanem et., 2014). Phenolic acids have
been determined as the main contributors to antioxidant
properties (Sato et al. 2011).

In the lipid fraction, fatty acids and triterpenes were de-
tected as main components. A variety of fatty acids was
found, especially of the fraction from the Slavyanka popula-
tion. Unsaturated fatty acids: octadecatrienoic acid (a-lino-
lenic acid C18:3) present in a significant amount. Other iden-
tified fatty acids were palmitic acid (C16:0), linoleic acid
(18:2), oleic acid (C18:1), stearic acid (C18:0), myristic acid
(C14:0). Unsaturated fatty acids prevent a wide range of
health problems, including heart disease, depression, asthma
and rheumatoid arthritis (Tur et al. 2012, Swanson et al. 2012).
High content of linolenic acid has been reported for other Mi-
cromeria species (Risti¢ et al. 1997). 8-Amyryn, $-sitosterol and
unidentified triterpene derivative were found in the lipid
fraction. Some terpeneoids, including sitosterol and triter-
pene acids - oleanolic and ursolic acids, have been reported
for M. persica (Kordkolaei et al. 2020). Triterpenoids are com-
pounds with antimicrobial, anti-inflammatory and antitumor
activities (Pinto et al. 2008, Vazquez et al. 2012). Also, p-sitos-
terol is being studied for its potential to reduce benign pros-
tatic hyperplasia (BPH) and blood cholesterol levels (Field et
al. 1997, Wilt et al. 2000). These beneficial for human health
effects, and the high content of mentioned above compounds
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Figure 2. Free radical scavenging activity of methanolic and aqueous
extracts of three populations of M. dalmatica S-M - methanolic extract
of M. dalmatica Slavyanka population, S-A - aqueous extract of M.
dalmatica Slavyanka population, P-M - methanolic extract of M. dal-
matica Pirin population, P-A - aqueous extract of M. dalmatica Pirin
population, G-M - methanolic extract of M. dalmatica Mesta River
Valley population, G-A - aqueous extract of M. dalmatica Mesta River
Valley population.

Table 1. Identified metabolites of three populations of M. dalmatica.

Studied populations
Metabolites RI  MDs MDg¢ MDr
Fatty acids and triterpenoids
Tetradecanoic acid (C14:0) 1721 1,4+0,2 5,6+1 1,0+0,03
Pentagecanoic acid (C15:0) 1822 0,3+0,1 1,5+0,5 0,3+£0,07

9-cis- Hexadecanoic acid (C16:1) 1915 5,6x0,8 3,6£0,9 3,0+0,4
Hexadecanoid acid (C16:0) 1920 127417 163,5+10 102,6+14
Octadecadienoic acid (C18:2) 2088 30,845 34+8 18,9+5
Octadecatrienoic acid (C18:3) 2098 114,548 57+4 29,316
Octadecanoic acid (C18:0) 2124 1,2+0,3
Tetracosanoic acid (C24:0) 2728 42,448 745  36,1+4
$3-Sitosterol 3335 78,8512 8218 76,416
$-Amyrin 3400 17443 129+6 16,744
Triterpene derivative 3421 28,4+4 30,245 31,7+4
Phenolic and organic acids
Succinic acid 1302 35442 34,143 26,545
Glyceric acid 1313 16,644 229+4 10,3+2
Mallic acid 1469 128+13 57,1+8 5415
Pyroglytamic acid 1516 19,3+3 3,7409 9,712
4(p)-Hydroxybenzoic acid 1637 7,613 5,7+2 5,2+1
Vanilic acid 1754 5,5+2 4,9+1 5,9+0,1
Protocatechuic acid 1809 12,0+#3  5,5+2 4,4+2
Quinic acid 1843 12,7+4 15+7 20+9
Syringic acid 1887 1,0+0,1 3,742 1,9+0,9
p-Hydroxycinnamic acid trans ¢ 1934 20,35  38+2  40,9+4
Ferulic acid trans 2103 1,2+0,9 2,5+0,6 1,610,1
Caffeic acid trans 2142 140,248 12449 1517
Chlorogenic acid 3108 8,313 98+2 5,7+0,8
Rosmarinic acid 3510 182+7 83+5 103,5+5

Legend: MDS M. dalmatica Slaviyanka; MDG M. dalmatica Godeshevo; MDP M.
dalmatica Pirin. Relative metabolites quantification was based on an internal
standard added at the beginning of the extraction using the calculated areas
for both components.

in M. dalmatica determines the species as valuable for human
use.



Opportunities for using Micromeria dalmatica

The present study revealed that extracts of M. dalmatica
are rich in compounds that positively affect humans.

Conclusion

The results showed that M. dalmatica is rich in essential nutri-
ents such as fatty acids (saturated and unsaturated), triter-
penes (amyrin), phenolic and organic acids that make it a val-
uable spice and medicinal plant.
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