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Aspects of secretory tissues and the composition of volatile oil

at basil cultivated in the hydroponic system
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Abstract The species Ocimum basilicum L. it is an aromatic and medicinal
plant with uses in various industries. In the 'Macedon' and 'Crispum' basil cultivars
were analyzed the secretory hairs and the composition of the volatile oil from the
leaves and flowers during the flowering period. At the level of the leaves,
glandular hairs were found in both epidermis (upper and lower) identified by the
Inspect S50 scanning electron microscope. The oil has been extracted by hydro
distillation and analyzed by gas chromatography — mass spectrometry (GC-MS).
The majority of the chemical compounds to the 'Crispum’ were 1,8-cineole 3.32%,
terpinen-4-ol, 4.56%, a-epi-cadinol 4.68%, trans-a-bergamotene 5.53%, eugenal,
17.30%, methyl chavicol 18.42% and linalool 26.94%. In the composition of the
volatile oil from 'Macedon' the chemical compounds were represented by cis-
verbenol 2.01%, a-bisabolene 2.52%, 6-methyl-5-heptene-2-one 2.45%,
isocaryophylene 3.17%, geraniol 3.67%, nerol 5.83%, neral 30.71% and geranial
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Ocimum basilicum L. (Lamiaceae) is an
annual plant, native to Africa and Asia [33]. The genus
Ocimum comprising of more than 150 species
throughout the world [21].

New cultivars were created in Romania, which
were gradually expanded in culture [33]. Basil leaves
are widely used for flavoring culinary preparations, due
to the variation of chemical compounds secreted by the
secretory hairs present in the leaves, sporadically and
in the petals. It is known that in plants of the
Lamiaceae family monoterpenes predominate, the
volatile oil being produced by secretory hairs located in
the aerial parts [11].

Basil leaves have two types of glandular
trichomes, pelted and capitate, characteristic of species
of the Lamiaceae family. Secretory glands consist of
several cells providing different functions [6].

The pharmaceutical properties and aroma of
Lamiaceae plants are due to the presence of
monoterpenes and sesquiterpenes [28; 29]. The volatile
oil extracted from leaves, flowers and young stems
contains chemical compounds such as linalool, methyl
cavicol, camphor, cineole, a-pinene, methyl cinnamate,
eugenol, oleanolic acid, p-sitosterol, anethole,
triterpene saponosides, tanoids etc. [20].

Essential oil from Ocimum basilicum has
multiple properties: antifungal [24; 4; 14], repellent
insecticide [4], anti-inflammatory [17; 23], antioxidants

[19] and antimicrobials [30; 21; 22]. Many species of
the Lamiaceae family, such as Tymus, Salvia, Mentha
and Origanum, are cultivated as sources of essential
oils [13; 25] and are used to treat various ailments such
as diabetes, colds, migraines, fever, cardiovascular
disease etc. [22]. The purpose of this work is to analyze
the composition of the volatile oil in Ocimum
basilicum 'Crispum' and 'Macedon' and also the
micromorphological of the secretory hairs.

Material and Method

The biological material used was represented
by plants of Ocimum basilicum ‘Crispum' and
'Macedon' grown in hydroponic system in the
greenhouse within the Research Center for Studies of
Food Quality and Agricultural Products, U.S.A.M.V.
Bucharest (Figure 1). The analyses were performed
during the flowering period, in May, 2021.

Micromorphological observations were made
on basil leaves and flowers using the Inspect S50
scanning electron microscope (SEM).
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Figure 1. Basil culture in the gfenhoue

Volatile oil analysis

The extraction of volatile oil was made from
the whole plant (stems, leaves, flowers).

The fresh harvested plants (300 g) were
hydrodistillated for 3 h in a Clevenger-type apparatus.
Analysis of the essential oils was performed on an
Agilent 6890N GC coupled with a 5973 Network
single quadruple mass spectrophotometer detector in
Electron lonization (EI) mode and a ALS 7683 injector
on a HP-5MS capillary column (30 m x 0.25 mm id,
0.25 pum film thicknesses). The following column oven
operating conditions were employed: 50°C for 8 min,
then a 4°C/min ramp to 280°C. Helium was used as
carrier gas with a constant flow of 1.0 mL/min,
injection volume 3 pL with a split ratio 50:1. The
temperatures for inlet, MS transfer line, and ion source
was 250°C, 250°C, and 230°C, respectively. The GC
column was coupled directly to the spectrometer in El
mode at 70 eV with the mass range of 50-550 amu at 2
scan/s [9].

Results and Discussions

Secretory tissues

Ocimum species have glandular and non-
glandular hairs on both the adaxial and abaxial surfaces
of the leaves, on the sepals and sometimes on the petals
[31]. In the species Ocimum basilicum 'Crispum' and
'Macedon', peltate and capitate glandular hairs were
observed, as well as non-glandular hairs (Figure 2-7).
The capitate hairs are composed of a base cell, a short
stem cell, and a terminal cell consisting of either an
elongated cell or two broad cells, seen in both
epidermis. The peltate hairs consist of four terminal
cells, seen in the lower epidermis. Peltate hairs
generally have a large subcuticular space, with a rigid
cuticle that becomes thin during the maturation of the
gland, thus facilitating its rupture and removal of
secreted substances.
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Peltate glandular hairs are also common in
other species of the Lamiaceae family, such as Salvia
verticillata [12], Salvia officinalis [7], Dracocephalum
moldavica [3], Mentha x piperita [32], and Rosmarinus
officinalis [14]. In basil plants, peltate hairs show a
variability in the number of secretory cells. In the
species Ocimum gratissimum, large glands with four
cells were found, as well as glands with 8 secretory
cells [6].
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Figure 2. Scanning electron microscopy (SEM) image
of the lower leaf epidermis of the Ocimum basilicum
'Macedon', 800 x
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Figure 3. Scanning electron microscpy (SEM) image
of the upper leaf epidermis of the Ocimum basilicum
'Macedon', 800 x
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igure 4. Scanning electron microscopy (SEM) image
of the petal flower of the Ocimum basilicum 'Crispum’,
1500 x
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Fiure 6. Scanning electron microscopy (SEM) image
of the petal flower of the Ocimum basilicum 'Crispum’,
800 x
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Figure 7. Scanning electron microscopy (SEM) image
of the petal flower of the Ocimum basilicum 'Crispum’,
800 x

The composition of the volatile oil

The composition of the volatile oil in Ocimum
basilicum varied depending on the cultivars. The major
chemical compounds for the 'Crispum' were: 1,8-
cineole 3.32%, terpinenen-4-ol, 4.56%, a-epi-cadinol
4.68%, trans-a-bergamotene 5.53%, eugenol 17.30%,
methyl chavicol 18.42%, and linalool 26.94% (Figure
8). The presence of minor chemical compounds
specific to the 'Crispum' was also observed, such as -
phellandrene, a-terpinene, o-cymene, y-terpinene, cis-
sabinene hydrate, camphor, isoborneol, L-a-terpineol,
terpinen-4-ol, L-a-bornyl acetate, methyl cinnamate,
B-elemene, a-cubebene,  methyleugenol,  cis-o-
bergamotene, o-guaiene, cis-muurola-3,5-diene, y-
muurolene, 3-guaiene, y-cadinene, cubenol, and o-
cadinol. Minor chemical compounds specific to the
'Macedon' were represented by: n-octanal, 2-hexen-1-
ol, acetate, exo-fenchol, B-citral, trans-chrysanthemal,
citronellal, limonene oxide, cis-verbenol, geranyl
acetate, nerol acetate, geranyl acetate, cis-p-farnesene,
and a-bisabolene. The majority of chemical compounds
in the species Ocimum basilicum found in other
research studies were: methyl chavicol, linalool (Sastry
et al., 2012), methyl chavicol, linalool, epi-a-cadinol,
trans-a-bergamotene (Sajjadi, 2006), methyl eugenol
and methyl chavicol (Joshi, 2014), 1,8-cineole,
linalool, camphor, o-terpineol, methyl chavicol,
eugenol (Barcelos, 2013), methyl chavicol, linalool,
geranial, eucalyptol, methyl cinnamate, a-bergamotene,
and eugenol (Nour et al., 2012). In the composition of
the volatile oil analyzed by Oliveira et al. (2013), from
dry leaves and fresh basil leaves prevailed linalool
(29.50%-32.26%) methyl chavicolul (36.81%-41.62%)
si  eucalyptolul  (9.99%-7.68%). The chemical
compounds linalool (13.1% and 21.1%) and methyl
chavicol (56.7% and 37.2%) also prevailed in the
volatile oil from the leaves and inflorescences of basil
plants grown in hydroponic system [5]. The analysis of
the studies showed that methyl chavicol and linalool
predominated in the composition of the volatile oil in
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the species Ocimum basilicum. The composition of the
volatile oil varied depending on the growing
conditions, ecotype, the organ analyzed and the
condition of the plant material (dry or fresh). The
results of the study conducted by Hossain et al., 2010

suggest that organic oils and extracts of Ocimum
basilicum could be a source of natural antimicrobial
agents for use in the food and / or pharmaceutical
industries (Figure 8 and 9).

Figure 8. Major compounds chemical in 'Crispum’ cultivar

Figure 9. Major compounds chemical in 'Macedon' cultivar
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Conclusions
Secretory hairs, pelted, and capitate were

present in both basil cultivars, more frequently in the
lower epidermis of the leaf and very rarely in flowers.
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The major chemical compounds present in the
volatile oil in the species Ocimum basilicum 'Crispum'’
were: 1,8-cineole, terpinene 4-ol, a-epi-cadinol, trans-
a-bergamotene, eugenol, methyl chavicol, and linalool.

In 'Macedon' the majority of the chemical
compounds were cis-verbenol, a-bisabolene, 6-methyl-
5-heptene-2-one, isocaryophylene, geraniol, nerol,
neral, and geranial.

The variation in the chemical composition of
the volatile oil gives the plants a specific flavour
having a wide use both in gastronomy and in the
pharmaceutical and cosmetic industry.
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