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Abstract: one of the important sources of flavonoid phytonutrients is basil (Ocimum basilicum L.).
Vegetative and generative organs of which have essential oils, in particular 1,8-cineole, estragole and
eugenol, ascorbic acid, a rich pigment complex, as well as polyphenolic compounds with antioxidant
effects. Basil realizes its antioxidant potential through anthocyanins in varieties with purple leaves and
flavonoids in varieties with green leaves. The level of their accumulation, as well as other biologically
active substances, depends on the variety to which the plant belongs, the degree and spectrum of illu-
mination, soil moisture, and mineral nutrition (Priss OP, et al., 2019; Joshi RK, 2014, Trichopoulou, et
al., 2000). That is why our attention was drawn to two of the most popular basil varieties in Ukraine:
«Dolly» with green leaves and «Rosie» with purple leaves. Our research was focused on morphological,
anatomical and phytochemical studies of O. basilicum leaves of the above-mentioned raw materials. To
realize this goal, microscopy was performed using State Pharmacopoeia of Ukraine methods. Groups of
biologically active substances were determined by standard qualitative reactions and the procedure was
carried out using extracts or by applying directly to the sections. It was found that O. basilicum chante-
relles of «Dolly» and «Rosie» varieties have a number of common and distinctive features. Both varieties
of O. basilicum are characterized by the presence of dorsoventral, amphistomatic leaves, diacytic sto-
matal apparatus and biserial glands. The leaves differ in color, shape of the leaf blade margin, outlines
of the upper epidermal cells, presence of idioblast cells with anthocyanins in the «Rosie» variety, and
values of stomatal indices. The stomatal index is 27.5+2.3% for the «Dolly» variety and 25.4+2.5% for
the «Rosie» variety. It was found that the leaves of O. basilicum varieties «Dolly» and «Rosie» contain
such biologically active substances as anthocyanins, flavonoids, essential oil, triterpene saponins, espe-
cially expressed in the variety «Rosie» and tannins. The research results can be used in the development
of @ monograph on the raw materials of this species.
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Introduction

According to the 2019 Global Burden of Dis-
ease (GBD), an independent health research orga-
nization, cardiovascular diseases, mainly coronary
heart disease and stroke, are the leading causes
of death and one of the main factors of disability
worldwide (Institute for Health Metrics and Eval-
uation).

Compounds of flavonoid nature and anthocy-
anins in particular play an important role in the
prevention of cardiovascular diseases. Their ac-
tion is closely related to protection against oxida-
tive stress (Lila M. A., 2004; Youdim K. A. et al.,
2000).

One of the important sources of flavonoid phy-
tonutrients is a representative of the Lamiaceae
family — true Sweet Basil or basil (Ocimum ba-
silicum L.). Its vegetative and generative organs
contain essential oils, in particular 1,8-cineole, es-
tragole and eugenol, ascorbic acid, a rich pigment
complex, which is represented by carotenoids
(more in green varieties), as well as polyphenolic
compounds with antioxidant effects. The manifes-
tation of antioxidant properties in basil with purple
leaves is due to anthocyanins, and in plants with
green leaves — to flavonoids (Priss OP, et al., 2019;
Joshi RK, 2014; Trichopoulou, etc., 2000). That is
why our attention was attracted by two of the most
popular varieties of basil in Ukraine «Dolly» with
green leaves and «Rosie» with purple leaves (State
Register of Plant Varieties Suitable for Distribu-
tion in Ukraine).

The stable, available and inexpensive sources
of anthocyanins obtained from O. basilicum are
attractive for use in the pharmaceutical, medical
and food industries. The abundance of acylated
and glycosylated anthocyanins in basil extracts
can also serve as a unique source of stable red
pigments for the needs of pharmaceuticals and
food industry. Identification of high-performance
sources of anthocyanins will allow us to continue
our work on the study of antioxidant properties
and quantitative content in different varieties of
basil.

Aim

To conduct anatomical, morphological and
phytochemical analysis of O. basilicum leaves in
the raw materials of the two most popular varieties
of Ukraine — «Dolly» and «Rosie».
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Materials and methods

To realize this aim, microscopy was performed
according to the method of V. S. Dolya (Dolya V.S.,
et al., 2003).

In order to prepare the micro preparations, we
took raw materials, both fresh and dried, after soa-
king them in water. First, we boiled the leaf epider-
mis in a 5% NaOH solution for 5 min, as a result of
which it was easier to detach from the mesophyll.
The clarification of microsections was performed
by boiling them in an aqueous solution of chlo-
rohydrate (4:1). The prepared micro preparations
were examined in aqueous medium and water-al-
cohol medium of different concentrations under a
ULAB microscope (x40, x100, x1000) equipped
with a Canon EOS 550 digital microphotograph-
ic camera. To provide more objective research,
10 micro preparations were examined for each
sample of medicinal plant material.

Determination of the stomatal index. The sto-
matal index was calculated according to the meth-
od specified in the State Pharmacopoeia of Ukraine
(State Pharmacopoeia of Ukraine, 2015).

Formula for determining the stomatal index:

100x S

E+S
S — the number of stomata per certain surface area
of the leaf blade;
E — a certain number of epidermal cells (including
hairs and glands) per the same leaf surface area.

For each O. basilicum variety, at least ten sam-
ples of leaf blades were collected and the average
value was calculated.

Groups of biologically active substances (BAS)
were determined using standard chemical reactions
and the procedure was carried out using extracts or
by applying directly to the sections (State Pharma-
copoeia of Ukraine, 2016; State Pharmacopoeia of
Ukraine, 2018; Kovalev V. M. et al., 2014).

Review and discussion

The leaves of O. basilicum make up a signifi-
cant part of the phytomass used for pharmaceuti-
cal and medical purposes. Taking into account the
presence of fifteen varieties of basil according to
the State Register of Plant Varieties suitable for dis-
tribution in Ukraine, it is important to establish the
main, diagnostic, species-specific features for the
primary diagnosis of raw materials of the most po-
pular varieties, in particular «Dolly» and «Rosie».

Stomatal index =
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O. basilicum leaves of «Dolly» and «Rosie»
varieties have a number of common features: type
and shape of the leaf blade; sinuous-walled shape
of the cells of the lower epidermis, presence of dia-
cytic stomatal apparatus and eight-celled essential
oil glands, and distinctive features: color of the leaf
blade, shape of the leaf margin, shape of the cells
of the upper epidermis, different values of stomatal
indices, presence of idioblast cells with anthocynes
in «Rosie» variety (Fig. 1.).

The leaf petioles of both varieties have a rather
similar structure (Fig. 2. A, B). Under the epider-
mis layer there are several rows of elongated, rect-
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angular, thick-walled palisade parenchyma cells
filled with brownish-olive substance (Fig. 2.D).
The basis of petiole mesophyll consists of 10-
12 rows of thick-walled cells of spongy paren-
chyma with irregular shape. In the upper part of
the spongy parenchyma there are 5 to 7 closed
collateral vascular fiber bundles, which are lined
up in one continuous line (Fig. 2. A, C, 1).
Bothvarieties of O. basilicum are characterized
by the presence of dorsoventral, amphistomatic
leaves. The upper epidermis of the leaf variety
«Dolly» is represented by rather large, clearly
zigzag-shaped cells, among which diacytic sto-

A

Figure 1. Morphometric parameters of O. basilicum leaves of varieties: A — «Dolly», B — «Rosie»

Figure 2. Cross section of O. basilicum petiole: A, B — «Dolly» variety, C, D — «Rosie» variety.
1 — vascular fiber bundle
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matal apparatus are quite common (Fig. 3.A2). In
some places, essential oil glands are located over
the entire surface (Fig. 3.A, B1).

The upper epidermis of the leaf of O. basi-
licum variety «Rosie» is formed by thin-walled,
tortuous cells with a slightly smaller number
of diacytic stomata per leaf blade surface area
(Fig. 3.C, E2). The entire surface of the leaf is
covered with a large number of point glands —
idioblast cells with anthocyanin content (Fig. 3.
D3). Occasionally there are also large eight-
celled essential oil glands, characteristic of Lami-
aceae (Fig. 3. C, E1). In addition, along the veins,
characterized by elongated, more rectangular
epidermal cells with geometrically smooth ed-
ges, there are simple 3-4-celled simple hairs with
a several-celled base (Fig. 3.D4). Often, when the
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epidermis is removed, a layer of mesophyll with
rather large chloroplasts located along the peri-
meter of the cell’s tortuous wall is attached to its
surface (Fig. 3.ES).

The lower epidermis of both varieties is cha-
racterized by the presence of tortuous wall cells
and a large number of diacytic stomata (Fig. 4.A-
C2). The stomatal index for the lower epidermis
of «Dolly» i1s 27.5+42.3%, and for «Rosie» —
25.4£2.5%. In both representatives, essential oil
bead glands are not often found in the lower epi-
dermis, but in «Rosie» there are also idioblasts
with anthocyanin content and the epidermal cells
themselves have anthocyanins in the cell sap,
which gives them a purple color (Fig. 4.-D1,3).

The macroscopic and microscopic studies
made it possible to identify a number of features

Figure 3. Upper leaf epidermis of O. basilicum: A, B — variety «Dolly», C, D, E, F — variety «Rosie».
1 — essential oil gland, 2 — diacytic stomatal apparatus, 3 — idioblasts, 4 — simple multicellular hair,
5 — chloroplasts.
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Figure 4. Lower leaf epidermis of O. basilicum: A, B — variety «Dolly», C, D — variety «Rosie».
1 — essential oil gland, 2 — diacytic stomatal apparatus, 3 — idioblasts

inherent in a particular variety, which can be fur-
ther used to identify raw materials and detect and
separate impurities, in particular Origanum vul-
gare L. for the «Dolly» variety, Lagonosticta ru-
bricata Lichtenstein for the «Rosie» variety.

Since our raw materials contain essential oil
glands and anthocyanin-containing compounds,
histochemical reactions to identify their localiza-
tion and frequency of occurrence will allow us to
further develop storage standards and the degree

Figure 5. Lower leaf epidermis of O. basilicum with Sudan III: A, B — variety «Dolly»,
C, D — variety «Rosie». 1 — essential oil gland
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of grinding of the raw materials under study to
minimize the loss of valuable BAS at the initial
stages of work with raw materials.

Reaction to the detection of essential oil.
Microscopic studies revealed a large number of
essential oil glands, the lower surface of O. ba-
silicum leaves was immersed in a solution of Su-
dan III, and after a couple of minutes the prepa-
ration was washed from the remnants of Sudan.

The essential oil glands changed their color to
orange-brown, which proves the presence of es-
sential oils in the leaves of both varieties of basil.

Reaction to the detection of anthocyanins.
To confirm the presence of anthocyanins in the
leaves of O. basilicum, a few drops of hydrochlo-
ric acid 10% were applied to the lower epidermis
of the leaf blade (Fig. 6.A-D).

We observed the appearance of crimson-red
color in the places of localization of anthocya-
nins, namely: idioblast cells of the «Rosie» va-
riety (Fig. 6), in the cells of the «Dolly» variety
leaves the color became brick red, indicating a
mediocre accumulation of anthocyanins in indi-
vidual samples.
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To confirm the histochemical reactions and
identify other groups of BAS in the studied raw
materials, qualitative reactions were performed.
The results of the reactions are shown in Table 1.

The qualitative reactions indicate the presence
of saponins, flavonoids, and tannins, in addition
to specific BAS for this raw material. These basil
varieties are quite promising for further phyto-
chemical studies.

Conclusions

It was found that the leaves of O. basilicum
varieties «Dolly» and «Rosie» have a number
of common features: type and shape of the leaf
blade; sinuous-walled shape of the cells of the
lower epidermis, the presence of diacytic stoma-
tal apparatus and eight-celled essential oil glands,
and distinctive features: color of the leaf blade,
shape of the leaf margin, shape of the cells of
the upper epidermis, different values of stomatal
indices, presence of idioblast cells with anthocy-
anins in the variety «Rosie». It was found that
the leaves of O. basilicum varieties «Dolly» and
«Rosie» contain such biologically active sub-
stances as anthocyanins, flavonoids, essential oil,

Figure 6. Lower leaf epidermis of O. basilicum with HCI (10%): A, B — «Dolly» variety, C, D — «Rosie»
variety. A, C — before the reaction, B, D — the result of the reaction.
1 — essential oil gland, 2 — idioblast cells with anthocyanins
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Table 1. Results of the qualitative reactions
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Name of the . The result of the "
. Reactive . Image
reaction reaction
Test for foam Shake intensively |A stable foam
formation for a minute has formed
(for saponins)

** Determination |5 ml of 0.1 Stable foam
of chemical nature |N HCI — in extracts from
of saponins test tube 2. both varieties
5 ml of 0.1 indicates the
N NaOH — test presence of
tube 3. Shake triterpene
intensively for saponins
a minute.
Salkovsky test 1 ml of chloro- The extracts have
(for saponins) form turned red
and 5-6 drops of
concentrated
sulfuric acid
Reaction with lead |4 drops Muddy sediment
acetate (for sapo- |Pb(C2H302)2 has fallen out
nins, flavonoids,
tannins)
Cyanidin 5 drops HCl The extracts
reaction (con.), 10-15mg |became rich
(for flavonoids) metalline Zn emerald
and
burgundy
in color
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Table 1 (continued)

Name of the
reaction

Reactive

The result of the
reaction

Image *

Reaction with 1%
vanillin solution
(for catechins)

3 drops 1%
vanillin solution
in HC1

Solutions of both
varieties turned
pink in color

iron-
ammonium alum
(for tannins)

iron-ammonium
alum solution

(con.)
Detection of an- | To 2 ml of The solutions
thocyanins the alcohol of both varieties
extract, acquired
2 drops of 10% a bright red color
H2SO4
were added
Reaction with 4 drops 1% The color

of the solutions
became dark
green-black

*A — «Dolly» variety, B — «Rosie» variety:

1 — analyzed leaf extract of O. basilicum; 2 — the result of the reaction.

** A — variety «Dolly», B — variety «Rosie»:

1 — analyzed leaf extract of O. basilicum; 2 — the result of the reaction with the addition of HCI;

3 — the result of the reaction with the addition of NaOH.

triterpene saponins, especially expressed in the
variety «Rosie», tannins. The obtained research
results can be used in the development of a mono-
graph on the raw materials of this representative
or as methods of quality control of O. basilicum
raw materials.
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AKmyanbHicmb: 0OHUM 3 8ANCIUBUX Odicepen (DIMmOHYmMPIENMI8 (h1aBOHOIOH020 CNPAMYBAHHS €
oazunix (Ocimum basilicum L.). BecemamusHni ma 2eHepamugHi opeanu sikoeo Maiomse eipHi onii,
30Kkpema 1,8-yuneon, ecmpazon i eg2eHon, ackopOiHO8Y KUcIomy, bazamuti nieMeHmMHUll KOMIIEKC, d
MaKodC NONIEeHONbHUMU CHONYKAMU 3 AHMUOKCUOanmuoio oicro. baszunix, csiti anmuoxkcuoanmuui
NOMeHYial, peanizosye uepes Aanmoyianu y copmis 3 gioremosum aucmsam i hnasonoiou —y copmia 3
senenum. Pisenw ix nakonuyenus, sk i iHUUX 6i010214HO AKMUBHUX PEHOBUH, 3ATLENHCUMb 810 COPMY 00
AKO20 HANENCUMb POCIUHA, CIMYNEHA | CNeKMpPY OCEIMIeHOCMI, 801020CMI IPYHIMY Ma MIHEPAIbHO20
acusnenns (Ipicc O. I1., i m.0., 2019; Joshi RK, 2014, Trichopoulou, etc., 2000). Came momy nauty
yeazy NpuepHyiu 06a HAUNOnyIApHiui 6 YKpaini copmu 06a3unixy 3 3eieHum aucmsam «Jonniy
ma 3 ¢hionemosuu — «Po3iy ([lepocasnuii peccmp copmie pociuH, npuoamuux 0is NOWUPEHHS 8
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Yrpaini). Hawi oocnioscenns 6y10 30cepedricero Ha Mopghono2o-anamomivnux ma imoximiuHux
oocnidxcennsx nucms O. basilicum euweseadanoi cuposunu. /na peanizayii 0aHoi memu MiKpOCKONIIO
OYn0 8UKOHAHO 3a 00NOMO20t0 Memoouk JIDY. [pynu 6ionoziuno axmueHux peuosuH GU3HAYANUCH
3a 00NOMO2010 CMAHOAPMHUX AKICHUX peakyili ma 30ilcHI08anu npoyeoypy i3 BUKOPUCAHHAM
8UMS2I8, AOO WISIXOM HAHeceHHs. be3nocepedHbo Ha 3piszu. Bemanoesneno, wo aucku O. basilicum
copmig «/lonniy ma «Po3iy maioms psio cninbnux ma 8iominnux osnax. [ns o6ox copmie O. basilicum
XapakmepHa HAsBHICMb 00P308EHMPANbHUX, AMDPICIOMAMUYHUX TUCMKIB, OIAYUMHUX NPOOUXOBUX
anapamis ma 6icepiamuux 3an030K. JIlucmku 8i0pi3HAIOMbCA 34 KONbOPOM, (hOPMOIO KPAio TUCMKOBOT
NIACMUHKU, 0OpUcamu KiimuH 6epxXHboi enioepmu, HAsA8HICMI0 KIIMUH-i0io0nacmie 3 aHmoyiaHamu
y copmy «Po3ziy», snauennamu npoouxosux inoexcie. Ilpoouxosuii inoexc cmanogums 27,5+2,3% 0ns
copmy «Honniy ma 25,4+2,5% ons copmy «Posi». Buaeneno, wo aucms O. basilicum copmig «/[onniy
ma «Po3iy micmumob maxi 6i010214HO AKMUBHI, PEYOBUHU, AK aHMOYyianu, ¢rasoroiou, egipra onis,
MpumepneHosi Canorinu, ocoonuso supasiceri ¢ copmy «Po3ziy, maninu ma nonicaxapuou. Ompumani
pe3yibmamu 00CRi0NHCeHb MONCYmb Oymu BUKOPUCMAHT npu po3pobyi moHozpagii Ha cuposumy
0aH020 NPedCmMaBHUKA.

Kawuosi cioBa: anromiany, edipHa oiist, Ocimum basilicum, GiToHyTpieHTH, (IaBOHOI M.
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