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Abstract

The Nigella (Nigella L.) genus includes 18 species of annual herbaceous plants which seeds are used in
folk medicine and cooking around the world. Only Nigella sativa L. has been characterized sufficiently in
terms of chemical constituents or pharmacological properties. The aim of the study was to conduct the
gas chromatography mass spectrometric (GC-MS) analysis of the compositions of volatiles in the Nigella
damascena L. and Nigella arvensis L. seeds. The raw materials were harvested from the plants cultivated
in Ternopil region (Ukraine). The conducted GC-MS analysis gives the possibilities to identify more than
25 volatile compounds in the seeds of both investigated species. Carvone (5.448 mg/kg) and squalene
(0.966 mg/kg) dominated among the volatile ingredients of Nigella arvensis seeds. Dihydrofamesol
(0.957 mg/kg) and squalene (0.525 mg/kg) prevailed in the Nigella damascena raw material. Besides the
terpenoids, there were found also the long-chained carboxylic acids and unsaturated hydrocarbons in
the investigated seeds. Generally, the studied raw materials could be regarded as prospective sources
of new medicines and food additives.
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Introduction

The Nigella (Nigella L.) genus belonging to the
Buttercup (Ranunculaceae L) family includes 18
species of annual herbaceous plants [1]. Their seeds
are often used in cooking as well as in folk medicine
to prevent and treat asthma, diarrheg,
hepatotoxicity, and other diseases around the world
[2]. Only a few of these species have been
characterized sufficiently in terms of chemical
constituents or pharmacological properties [3-7].

A different number of reviews and original
articles concerning chemical composition and
bioactivities of the different Nigella representatives
were published up to the 1°* of October 2021 in the
scientific Joumals indexed in the PubMed database:
genus 'Nigella' - 1784 results, including 'Nigella
sativa' — 1656, 'Nigella damascena' — 43, 'Nigella
arvensis' - 14, etc. As can be seen from the
represented data, the most studied species is Nigella
sativa L., and the least attention of scientists was
paid to Nigella arvensis L.

The Nigella sativa seeds which are commonly
known as 'black cumin' are the most widely used as
a spice or medicine [5-7] The seeds of Nigella
damascena L. are sporadically applied in cooking,
mostly in the Asian countries [3, 8, 9] The
experimental  studies revealed the anti
inflammatory, antioxidant, antihypertensive,
immunomodulatory,  hepatoprotective, neuro-
protective, antimicrobial, anti-cholesterol, and
wound-healing properties of essential oils and
extracts from the Nigella sativa raw material [5-7,
10].

It was found that the researches were focused
on the of chemical constituents of the fixed oil of
the Nigella species. Therefore, more attention
should be paid to the profile of the other
compounds in their seeds, for instance, to
terpenoids. For instance, the bioactive compounds
of the Nigella sativa seeds such as thymiquinone, o-
hederin, and nigellidine are regarding as promising
herbal medicines to combat COVID-19 [10, 11].

As it is known, essential oils are the
multicomponent mixtures of volatile organic
compounds which are syntrhezided in diffferent
organs of plants and cause their odor as well as
biological properties [13, 14]. Among the
components of essential oils dominate terpenoids

(hydrocarbons, ketones, aldehydes, alcohols, and
esters) [14]. The main attention of researchers was
paid to the composition and bioactivity of Nigella
sativa essential oil while the volatiles of the other
species attracted much less scientific interests.

The aim of the study was to conduct the gas
chromatography mass spectrometric (GC-MS)
analysis of the component compositions of volatiles
in the Nigella damascena and Nigella arvensis seeds.

Methods

Plant material

The raw materials were harvested from the plants
cultivated in Ternopil region (Ukraine). The seeds
were previously obtained from the collection of
M.M. Gryshko National Botanical Garden (National
Academy of Sciences of Ukraine).

Sample preparation

The sample of grinded seeds (2.0 g) was placed in
a 20 mL vial, and tridecane (50 ug) as an intemal
standard was added according to the method
described by Chemohorod and Vinogradov [15]. 10
mL of distilled water wass added to the sample and
the volatile compounds were distilled for 2h using
an aircooled reflux condenser. During the
hydrodistillation process, the volatiles were
adsorbed on the inner surface of the reflux
condenser. After cooling the system, the adsorbed
substances were washed off by slowly adding 3 mL
of pentane to a 10 mL vial.

The washed substances were concentrated by
blowing (100 mL/min) of ultrapure nitrogen to a
residual volume of the extract of 10 uL, which was
completely withdrawn with a chromatographic
syringe. Further concentration of the sample wass
carried out in the syringe to a volume of 2 uL.

Chromatographic analysis

Gas chromatograph Agilent Technologies 6890
with 5973 mass spectrometric detector was used in
the study. The chromatographic column was
capillary DB-5 (0.25 mm x 30 m). The injection of the
sample into the chromatographic column was
carried out in the splitless mode (rate 1.2 mL/min
during 0.2 min). The flow rate of helium as a carrier
gas was 1.2 mL/min. The temperature of thermostat
was programmed from 50 to 320°C with a speed of
4°C/min.
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The NISTos5 and WILEY 2007 mass spectra libraries
in combination with the AMDIS and NIST programs
were used for the identification of the components.
The internal standard method was applied for the
quantitative calculations of the contents of volatile
compounds.

Results and Discussion

The conducted GC-MS analysis gives the
possibilities to identify more than 25 volatile
compounds in the seeds of each investigated
species (Figures 1-3). The components whose
content exceeded 0.03 mg/kg are shown in Table 1.
A number of minor compounds contained in the
studied raw materials were not identified.

As can be seen from the Table 1, carvone
(5.448 mgkg) and squalene  (0.966 mg/kg)
dominated among the volatile ingredients of Nigella
arvensis seeds. Dihydrofamesol (0.957 mg/kg) and
squalene (0.525 mg/kg) in the Nigella damascena raw
material. Havlik et al. [16] found that carvacrol
methyl ether (26.4%), Gpinene (21.4%) and n
undecane  (13.2%) dominated among the
constituents of Nigella arvensis essential oil grown in
Czech Republic. Thus, the chemical composition of
essential oils depends on growing and weather
conditions as well as the genetic peculiarities of
plants such as belonging to a certain subspecies,
variety or chemotype [13, 14, 17, 18].

It should be mentioned that found among the
Nigella arvensis volatiles monocyclic monoterpenoid
carvone was also the main component of Carum
carvi essential oil [19] Carvone possesses the
proven antioxidant, anti-inflammatory, carminative,
antimicrobial and other valuable properties [20, 21].

Acyclic triterpene squalene is an intermediate in
the biosynthesis of steroids [22]. It is used as the
immunologic adjuvant with a vaccine as well as anti-
cancer, detoxifying, and anti-aging agent [22, 23].

Acyclic sesquiterpene dihydrofamesol can inhibit
the growth of dermatophytes [24]. The studied
Nigella damascena seeds contained 0.370 mg/kg of
monocyclic sesquiterpene 6-elemene which plays a
significant role in cancer therapy [25]. BElemene
was detected as the main compound of Polish
Nigella damascena essential oil possessed the

noticeable antimicrobial and anti-inflammatory
potential [26, 27].

The content of aromatic monoterpenoid
carvacrol with proven antiseptic properties [28] was
significantly higher in the Nigella arvensis seeds
(0.373 mg/kg) comparatively to Nigella damascene
ones (0.042mg/kg). Such monoterpenoid as
methylcarvacrol (0.157 mg/kg) as well as cis-carveol
(0.116 mg/kg) were detected only in the Nigella
arvensis raw material.

The moderate amount of acyclic monoterpenoid
linalool possessing antimicrobial and sedative
actions [29, 30] was found in the Nigella arvensis
seeds (0.180 mg/kg), while the Nigella arvensis raw
material accumulate only 0.033 mg/kg of linalool.
Thus, the studied raw materials differed significantly
in the presence and content of a lot of detected
terpenoids.

Besides the terpenoids, there were found also the
long-chained carboxylic acids and unsaturated
hydrocarbons in the studied raw materials. These
results are consistent with the data of Mahboubi et
al. [31]. Researchers reported that fixed oil of Nigella
sativa containing a lot of fatty acids as well as
terpenoids, could be used as alternative treatment
of rheumatoid arthritis as a pain inhibitor and anti
inflammatory drug [31]. Polyunsaturated fatty acids
(w3 and w-6) are used for the preventing and
treating of atherosclerosis, obesity and cancer [32,
33].

Thus, the anti-inflammatory, antioxidant, antiviral,
anticholesterinemic, anticancer, anesthetic, and
analgesic effects are shown by various classes of
biologically active substances of primary and
secondary synthesis which are synthesized in plants
[34-44]-

Generally, the studied raw materials could be
regarded as prospective sources of new medicines
andfood additives.
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Table 1. Chemical compositions of the main volatile compounds from the seeds of two Nigella species determined

by GC-MS, mg/kg

Retention time, Nigella Nigella
. Component .
min arvensis damascena
4.94 Decane 0.042 0.031
9.14 Benzaldehyde - 0.049
10.32 Dodecane 0.033 0.020
10.50 Linalool 0.180 0.033
13.83 Terpinene-4-ol 0.040 -
14.63 a-Terpineol 0.041 -
15.57 trans-Dihydrocarveol 0.056 -
15.75 p-Cymene-a-ol 0.044 -
16.05 cis-Carveol 0.116 -
16.11 cis-Dihydrocarveol 0.050 -
16.20 Dihydrocarvone 0.069 -
16.35 Methylcarvacrol 0.157 -
16.49 trans-Carveol 0.093 -
16.58 Tetradecane 0.080 0.040
17.97 Carvone 5.448 -
18.86 B-Elemene - 0.370
19.12 Carvacrol 0.373 0.042
19.36 Pentadecane 0.084 0.035
20.31 2-0x0-3-methoxy-4-methylacetophenone 0.279 -
21.47 Hexadecane 0.059 0.036
21.70 Geranilacetone 0.052 -
22.87 2,6,10,14-Tetramethylpentadecane 0.052 -
23.21 Heptadecane 0.091 0.034
23.55 y-Octalactone 0.033 -
24.22 Viridiflorol - 0.033
24.73 Octadecane 0.073 0.037
25.70 Methyl2-amino-3-methoxy benzoate - 0.100
25.37 Dihydrofarnesol 0.152 0.957
26.02 Miristic acid 0.096 -
27.40 Eicosane 0.086 0.039
28.63 Palmitic acid 0.530 0.365
29.76 Phthalate 0.075 0.046
30.94 Oleic acid 0.141 0.090
31.08 Ethyl linoleate 0.095 -
31.89 Tetracosane 0.046 0.030
32.90 Pentacosane 0.101 0.164
33.86 Hexacosane 0.073 0.054
34.79 Heptacosane 0.11 0.328
35.70 Octacosane - 0.043
36.56 Nonacosane 0.097 0.155
37.30 Squalene 0.966 0.525
Note: "-" — the component was not detected
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Figure 1. The GC-MS chromatogram of volatiles from the N. arvensis seeds
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Figure 2. The GC-MS chromatogram of volatiles from the N. damascena seeds
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Figure 3. Structural formulas of the predominant terpenoids found in the seeds of investigated Nigella species
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