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Abstract: Recent agricultural research aims to identify novel applications for plant extracts as efficient
defenses against weeds, insects, or phytopathogenic agents. The main goal of the present study was
to evaluate two new varieties of basil (Ocimum basilicum L., fam. Lamiaceae), Yellow basil, “Aromat
de Buzau” variety and Red-violet basil, “Serafim” variety. The basil varieties were studied under
different aspects regarding biochemical characterization using GC-MS, antioxidant activity evaluated
under three methods (DPPH, ABTS, FRAP), and antimicrobial properties (for three G-bacteria:
Perctobacterium carotovorum, Pseudomonas marginalis, Pseudomonas syringae and three phytopathogenic
fungi: Rhizoctonia solani, Fusarium oxysporum, Botrytis cinerea). The results showed that linalool
(39.28%; 55.51%), estragole (31.48%; 9.78%), and eugenol (5.42%; 7.63%) are the main compounds
identified in the extracts, validating the high antioxidant activity of the studied essential oils and
floral waters. When applied in high concentrations, essential oils have shown a potential bactericidal
effect on P. carotovorum as well as a potential fungicidal effect on R. solani and B. cinerea.

Keywords: new varieties of basil; essential oils; floral water; chemical composition; antimicrobial activity

1. Introduction

Medicinal and aromatic plants (MAPs) play an important role in the strategic priorities
for rural development, according to the basic principles of multifunctionality, sustainability,
and diversification. In this context, the research and development of new varieties of
MAPs can be approached from several perspectives, including new uses, botanical and
phytochemical characterization, crop management, with new economic and industrial
implications. In the context of climate change, the MAPs exposure to (a)biotic stress,
including extreme temperatures, drought, flooding, diseases caused by pests, etc., affects the
functionality of cellular and metabolic processes, limiting their growth and development,
and finally reducing the yield and quality of the productions obtained [1–4]. Agrochemicals
have been used to avoid losses associated with biotic stress; however, the irrational use
has led to their accumulation in the food chain, with implications for human health and
causing several environmental problems [5]. Studies have documented the use of EOs
as pesticides, since they are presenting high volatile potential, low persistence, and low
toxicity to vertebrates, which is safer in terms of health issues and environmental impact
than chemicals [6–8].
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MAPs belonging to the Ocimum genus generically called basil, include more than
30 species of plants and shrubs, originating in the tropical and subtropical regions of
Asia, Africa, Central and South America [9]. Among the species of this genus, Occimum
basilicum L.—common sweet basil is cultivated in many countries and represents the most
important crop for obtaining EOs worldwide. Basil EO is considered an important source
of aromatic compounds since it possesses a series of biological activities (insecticides,
repellents, nematocides), antibacterial, antifungal and antioxidant activities [10,11]. A
market growth of EOs obtained from Ocimum species is estimated, from USD 186.5 million
(2019) with an annual growth rate of 8% until 2023, Europe holds the largest share of this
market [12]. Sweet basil is botanically described as an annual plant, growing as a branched
bush between 0.3 and 1.3 m in height, with opposite, light green silky leaves containing
many oil glands in which EOs are stored. Basil flowers are colored from white to purple
and arranged in a terminal spiciform inflorescence [13,14]. Basil cultivars have the genetic
ability to generate and maintain different sets of chemical compounds, leading to a wide
variety of chemotypes within the same species. This phenomenon occurs since the crop is
highly pollinated by bees [15,16].

Depending on the chemical composition, basil EOs have been classified into several
chemotypes [11]:

• the European chemotype with the main compounds linalool of very good quality in a
proportion of at least 50%, eugenol 4–5%, and methyl chavicol (estragole) 2–3%;

• tropical chemotype rich in methyl cinnamate 50–70%, linalool 8–30%, and high content
of camphor;

• reunion chemotype, characterized by high concentrations of methyl chavicol (estragole);
• eugenol-rich chemotype, characterized by high concentrations of eugenol (>5%).

The flavor of different basil families can vary significantly since they contain a varied
mixture of chemical elements in varying ratios. The strong clove flavor of sweet basil is
given by eugenol (a chemical compound also present in cloves), while the lemon flavor
is given by the higher content of citral (compound present in mint, lemon) and limonene.
African blue basil has a strong camphor flavor due to the high proportion of camphor and
camphene. Other chemicals involved in producing the distinct flavors of basil varieties,
depending on the proportion are cinnamate, citronellol (compound found in geranium,
rose), geraniol (geranium), methyl-chavicol (tarragon), myrcene (bay, myrtle), pinene (pine
oil), ocimene, terpineol, etc.

As an alternative to potentially hazardous chemical products used in the food industry,
a range of different chemical and synthetic substances have been proposed as antimicro-
bial agents to suppress pathogens. Food scientists are examining the efficacy of a range
of inhibitory compounds, especially essential oils, which are a complex combination of
molecules, mainly monoterpenes, sesquiterpenes, and their corresponding oxygenated
derivatives (alcohols, aldehydes, esters, ethers, ketones, phenols, and oxides). Some stud-
ies [17] have demonstrated that basil EO possesses antibacterial and antifungal properties,
while other researches [18] have examined in more detail the compounds found in oils that
have the most intense antimicrobial action. The antibacterial action of basil EOs may be
primarily attributed to the presence of the major component linalool [19,20], considering
that Gram-positive bacteria strains are more sensitive to basil EOs.

It is remarkable that different European regions have comparable basil customs and
medicinal use. Romania has a rich ethnobotanical and ethnomedical heritage related to basil, a
plant that has been used for various practices [21]. Table 1 lists the ethnomedical applications
of basil, taking into account the primary pharmacological treatments and a wide range of
health conditions it addresses, the data being gathered from the literature [22–26].
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Table 1. Main methods of using basil in traditional medicine.

The Method of Use Treatment Method The Conditions Addressed

Powders—grinding of dried inflorescences
followed by sieving.

1.5 g of basil plant remains under the tongue
for 2 min, then swallowed with water
(3–4 times/day on an empty stomach).

Nutritional disorders
Atherosclerosis
Myocardial infarction
Bronchial asthma
Infection with carcinogenic papilloma viruses
Mental stress
Neurovegetative disorders
Chronic fatigue syndrome
Nightmares, sleep disorders
Adjuvant in depression, Anxious depression,
Neurosis
Headaches
Respiratory viruses, Flu
Acute bronchitis
Corneal rhinitis
Sinusitis
Rheumatoid arthritis
Infectious eczema
Menstrual cramps
etc.

Hot infusion—10 g of stems with crushed
flowers are scalded in a cup of boiling water,
and after 15 min of infusion are filtered.

It is usually consumed hot for maximum effect
(antispasmodic, hyperthermic, and relaxing
purposes).

Combined infusion—combines cold extraction
with hot infusion. 2–3 teaspoons of chopped
basil flowers and leaves are left to soak in
1/2 cup of water (from evening to morning),
then filtered. Another portion of chopped
plants is scalded with another 1/2 cup of hot
water for 20 min, after which it is left to cool
and then filtered. The two extracts are
combined.

It is consumed before each meal (15 min
before).

Tincture—after filling 1/2 of the jar with basil
powder, the rest of volume is filled with 50 ◦C
alcohol. It is left to macerate for 8 days, after
which it is filtered and stored in dark bottles to
avoid the light.

It is used 2–3 times a week.

Volatile essential oil—obtained by industrial
processes, steam entrainment, etc.

It is used for internal applications,
administered 3 drops dissolved in honey or in
water, 2–4 times/day (cure of 5–14 days). For
children between 8 and 12 years old, the dose
is halved, and for those between 5 and 8 years
old, 1 drop/2 times a day is usually
administered.

Therapeutic baths—the basil is left to soak in
3–5 L of warm water for 12 h, after which it is
filtered. The obtained maceration is set aside,
and the remaining plant is scalded with 1 L of
water, then left to infuse for 15 min.

Basil baths last 20–30 min, with physical and
mental tonic effects, helping the body fight
against infections and diseases associated with
cold.

The main objective of the present research was to identify the chemical composition,
antioxidant and antimicrobial effects of EOs and FWs extracted from basil. Therefore, we
assessed the chemical composition for the essential oils and floral waters obtained from
two new varieties of basil (Occimum basilicum L., fam. Lamiaceae); namely, Yellow basil,
the “Aromat de Buzau” variety and Red-violet basil, the “Serafim” variety. The primary
three compounds identified in the chemical characterization stage (linalool, estragole, and
eugenol) were dosed quantitatively under controlled conditions, in order to test their
antimicrobial activity. The quantitative dosage of the three compounds of interest was
established by GC-MS analysis, while the evaluation of the antioxidant capacity was
carried out by three methods: DPPH, ABTS, and FRAP. The antimicrobial capacity of the
two EOs was studied against three phytopathogenic bacteria G-(Perctobacterium carotovorum,
Pseudomonas marginalis, Pseudomonas syringae) and three negative bacteria (Rhizoctonia solani,
Fusarium oxysporum, and Botrytis cinerea).

2. Materials and Methods
2.1. Plant Materials

The two varieties used in the experiments are part of the Collection of Germplasm
Resources of the Buzau Vegetable Research-Development Station. EOs and FWs were
produced by processing the plant material collected from the two novel varieties, that were
grown under the 2018 growing season agro-meteorological conditions.

Yellow basil (Ocimum basilicum L., fam. Lamiaceae), “Aromat de Buzau” variety (Certifi-
cate no. 1367/2006), semi-late variety, with a well-defined genetic constitution, very well
adapted to the climatic conditions existing in Romania (Figure 1a).
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Figure 1. Yellow basil (Ocimum basilicum L., fam. Lamiaceae), “Aromat de Buzau” variety (a) and
Red-violet basil (Ocimum basilicum var. purpurascens L., fam. Lamiaceae), “Serafim” variety (b).

Red-violet basil (Ocimum basilicum var. purpurascens L., fam. Lamiaceae), “Serafim”
variety (Certificate no. 4432/2017), semi-early variety of violet-purple color, intense, due
to the high content of anthocyanins, a variety resistant to specific diseases and pests
(Figure 1b).

The plant materials represented by the two new varieties of basil were created by
SCDL Buzău, the voucher specimens being submitted to USAMV Bucharest, Faculty of
Biotechnology, with registration numbers ‘RO-042’. O. basilicum, “Aromat de Buzău” and
‘RO-043’. O. basilicum, “Seraphim”.

The vegetable raw materials needed for processing have been obtained within INMA
Bucharest Institute, Baneasa area (44◦30′01′′ N; 26◦04′19′′ E, altitude 90 m), climate: tran-
sitional continental temperate, soil: reddish-brown, the average temperature during the
growing season varied between 19.4 ◦C (June) and 21.7 ◦C (August), and the average value
of precipitation: 83.63 mm (with a “peak” of precipitation of 155.9 mm in June, but also a
deficit in August (34.2 mm) and September (26.3 mm). The cultivation respected the spe-
cific recommended technological operations (land preparation, planting seedlings, culture
maintenance works, harvest). Two harvests/year were obtained, during June to September
2018, and the production varied depending on the climatic conditions, 1100 kg ha−1 and
respectively 900 kg ha−1 of green vegetable raw material.

2.2. EOS and FWS Extraction

In order to obtain the oils and floral waters, basil plants were harvested at the time
of flowering, cutting inflorescences, young shoot tips and leaves. Harvesting was carried
out mechanically, using a specialized equipment for cutting medicinal plants. The cutting
height of the plants was made at 25 cm from the top, and the hydrodistillation was per-
formed within 24 h from harvesting, without prior shredding or washing. Hydrodistillation
was used as an extraction method, in series of 10 kg of green plants, for a distillation time
of 2.5 h/series. The installation used to obtain EOs and FWs was the Aura Distillateur
Equipment, 130 L tank capacity, equipped with an electric steam generator MA 18—15 Kw,
0.1 bar steam, constructed of stainless steel. The total volume of water used in the hydrodis-
tillation process was 12.5 L/batch. The obtained EOs and FWs were stored in dark bottles
and remained at 4 ◦C until their use (for GC-MS analysis, antioxidant and antimicrobial
activity assays).

The amount of oil obtained from vegetable material was calculated using Equation (1):

Oil (%v/w wet base) =
Observed volume of oil (mL)

Weight of sample (g)
× 100 (1)
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2.3. EOS and FWS Analysis

The chemical composition and concentration of the compounds was determined
by gas chromatography, coupled to mass spectrometry (GC-MS). The equipment used
was a 7890 A-Agilent Technologies gas chromatograph coupled to 5975 C Mass Selective
detector MS produced by Agilent Technologies, California, USA and Macrogol Column
20,000 R (30 m × 0.25 mm ID, Bonded 0.50 µm). The carrier gas was helium with a flow
rate of 1.5 mL/min; temperature regime of −250 ◦C (10 degrees/min) up to 280 ◦C (const.
5.5 min); injector temperature was set to 220 ◦C; detector temperature 235 ◦C; mobile phase
1 mL/min; split injector (split ratio—1:100); automatic injection system for the sample;
volume used for the analysis: 1 mL of essential oil. Prior to injection, EO was dissolved
100 times in n-Hexane, and 15 mL of undiluted FW was extracted into 10 mL of n-Hexane,
then dried over anhydrous sodium sulfate R. The standards used were linalool (97% purity),
estragole (98% purity), and eugenol (99% purity), purchased from Sigma-Aldrich. Reference
solutions were prepared as follows: linalool: 0.1; 0.2; 0.5; 1.0; 2.0 mg/mL; estragole: 0.1; 0.5;
1.0; 2.0; 4.0 mg/mL; eugenol: 0.1; 0.5; 1.0; 2.0 mg/mL. Scan range used during the GC-MS
analysis was established in the interval of 0–70 min. One sample was analyzed for each EO
and FW. Using the retention times and spectra of the reference solutions, the compounds
were located in the chromatograms for each testing probe. The individual constituents were
identified by their similar retention indices, referring to compounds found in literature [27].
Identification was based on standard library Wiley Registry 10th Edition/NIST 2014.

2.4. Analysis of EOS and FWS Antioxidant Activity

The use of three assessment methods provides a better overview of the antioxidant
activity of EOs and FWS of basil. The fundamental principles of each method and their
complementarity enable a more accurate assessment of the chemicals.

A. The scavenger activity of the DPPH radical (2,2-diphenyl-1-picrylhydrazyl) is based
on the ability of antioxidants to reduce the DPPH radical. The percentage of DPPH
remaining in the solution is calculated according to Equation (2):

%DPPH =
Acontrol sample − Asample

Acontrol sample
× 100 (2)

where Acontrol sample is the absorbance of the control sample and Asample is the ab-
sorbance of the sample.

The number of samples required to reduce DPPH absorbance by 50% is called IC50.
All samples were used in triplicate to determine IC50, 5 concentrations being tested for each
sample.

B. The scavenger activity of the ABTS radical (2,2′-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid))—the method is known as Trolox equivalent antioxidant capacity
(TEAC) since the expression of the antioxidant capacity of the extracts can be associ-
ated with Trolox equivalents. The antioxidant capacity was expressed in mM Trolox
using 3 calibration curves of the Trolox standard.

C. Ferric ion Reducing Antioxidant Power (FRAP)—is based on the ability of antioxidants
to reduce the yellow-colored tripyridyltriazine—Fe3+ (Fe(III)-TPTZ) complex to the
blue-colored tripyridyltriazine—Fe2+ (Fe(II)-TPTZ) complex, by the action of electron
release by antioxidants. The samples were worked in triplicate, and the FRAP values of
each sample were expressed in mM Trolox g−1 for EOs and L−1 h for FWs, respectively.

2.5. Microbial Strains and Growth Conditions

The three strains of Gram-negative bacteria were Perctobacterium carotovorum (sin.
Erwinia carotovora), Pseudomonas marginalis, and Pseudomonas syringae. All strains are natural
isolates with high plant pathogenic activity. The bacterial strains were provided by the
Research and Development Institute for Plant Protection, Bucharest, Romania.
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Pseudomonas marginalis is a bacterium with phytopathogenic potential for vegetable
plants [28,29] and some ornamental plants. The stranger can produce effects during
vegetation, after harvest, or during storage [30,31].

Pseudomonas syringae (LMG5090) is a phytopathogenic bacterium with an extremely
varied host range. Due to this aspect, the species are used as a model organism in numerous
studies [32], in order to understand the pathogenicity mechanisms encountered by the
bacteria. Over 50 pathological varieties have been identified for these bacterial species,
these pathovars can infect almost all plants of economic interest. Bacterial inoculum was
obtained from fresh cultures, prepared in Luria Bertani (LB) broth at 28 ◦C, under orbital
shacking at 150 rpm. For this bacterium, three compounds (linalool, estragole, eugenol)
were tested using the same protocol, using high purity substances.

Pectobacterium carotovorum (sin. Erwinia carotovora) infects many vegetable plants, such
as carrots, onions, potatoes, tomatoes, lettuce, etc., but also decorative plants, such as tulips,
irises, calla lilies, etc. [33,34]. Bacterial inoculum was obtained from fresh cultures, prepared
in LB broth at 28 ◦C, under orbital shacking at 150 rpm.

Other three strains of fungal phytopathogens, Rhizoctonia solani (DSM63002), Fusarium
oxysporum (ZUM 2407), and Botrytis cinerea (natural isolate) are able to produce high
economic losses in agriculture. Rhizoctonia solani is a cosmopolitan soil born fungi with
a large spectrum of host plants. Fusarium oxysporum comprises more than 120 special
forms and resistance breeds, and most of them are pathogenic to plants of agricultural
and horticultural interest, with a very wide range of host plants. Sometimes it can also
develop saprophytically, on plant debris and in the soil, or as an asymptomatic endophyte,
harmless to the host [35]. The fungal inoculum was prepared as mycelia plugs, 6 mm in
diameter, collected from 14-day-old cultures obtained on Potato-Dextrose-Agar. Botrytis
cinerea is responsible for the gray mold, which can infect over 200 plant species. The fungal
inoculum was prepared as mycelia plugs, 8 mm in diameter, collected from 14-day-old
cultures obtained on Potato-Dextrose-Agar.

2.6. Evaluation of Essential Oils Emulsions

For antimicrobial assays, the EOs were tested for the following 4 concentrations:
C1 = 100%, C2 = 75%, C3 = 50%, and C4 = 25%. Emulsions were prepared in 10% DMSO
supplemented with 0.5% Tween 80 [36]. This solvent reveals no influence on the microbial
growth. The tests performed for the EOs were undiluted as in C1= 100%; in C2 = 75%,
which represents 3/4 ratio (or three quarters of EO and the rest is solvent); in C3 = 50%,
which represents 1/2 ratio (or half of EO and half of solvent); and in C4 = 25%, which
represents 1/4 ratio (one quarter of EO and the rest three quarters of solvent). The solvent
was a mixture of 10% DMSO with 0.5% Tween 80 in water.

2.7. Antibacterial Assay

The antibacterial potential of EOs was tested and analyzed in vitro conditions. Non-
ventilated, sterile, polypropylene Petri dishes were used in this study. Each plate was
filled with 20 mL of LB agar and plated with fresh bacterial suspension (108 CFU/mL).
EOs were placed equidistantly and spotted (10 µL/spot) four times on each plate. Four
replicate plates were prepared for each concentration of the tested oils. Positive controls,
without EOs, were also prepared for phytopathogenic bacterium. All plates were sealed
with parafilm, incubated at 28 ◦C. For each pathogen, the following control plates were
prepared: a control only with the test microorganism (without the solvent); a control in
which the test microorganism was grown toward the solvent (mixture of 10% DMSO with
0.5% Tween 80 in water). The volume of bacterial inoculum consisted in 100 µL of fresh
culture per plate of 9 cm in diameter. Biometric measurements were taken after 1 to 24 h
and 3 days after inoculation. Similarly, the three commercial compounds (linalool, estragole,
and eugenol), used undiluted (C1 = 100%) or in the proportion of 1/2 (C3 = 50%) and 1/4
(C4 = 25%), were tested. Antibacterial activity was estimated based on the clear areas where
the pathogen could not colonize the growth substrate.
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2.8. Antifungal Assay

The antifungal assay was performed in similar conditions as the previous test. How-
ever, to sustain the fungal growth, PDA medium was used. The plates were inoculated
in the center with mycelia plugs, 8 mm in diameter. Four sterile paper disks, 5 mm in
diameter, were placed equidistantly at 2 cm distance from the fungal inoculum. Each disk
was filled with 10 µL of EOs emulsion. Four concentrations were tested, one concentration
per plate, each plate in four replicates. Positive controls, without EOs, were also prepared
for each plant pathogenic fungi. For each pathogen, the following control plates were
prepared: a control only with the test microorganism (without the solvent); a control in
which the tested microorganism was grown toward the solvent (mixture of 10% DMSO
with 0.5% Tween 80 in water). Tests carried out with the solvent for fungi, showed that the
solvent reveals no influence on the microbial growth. An example of evaluating the effect
of the solvent on fungi is shown in Figure 2a,b.
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Figure 2. F. oxysporum grown after 5 days on PDA (a) and grown after 10 days on PDA (b). In the
presence of the solvent 10% DMSO with 0.5% Tween 80 (at left), without the solvent (at right).

Plates were sealed with parafilm, incubated at 26 to 28 ◦C and analyzed on a daily
basis for the first 10 days after inoculation. For bacteria, the incubation was carried out
at 28 ◦C as it is the optimum growth temperature for this species. Fungi were incubated
at 26 ◦C as their growth is more proper at this temperature. Samples were maintained
in an incubator, at 26 ◦C in the case of fungi, only in the first 10 days after inoculation,
during this time in the control plates the fungi were able to completely colonize the surface
of the growth medium on the entire plate. This is the maximum active growth that can
be quantified by biometric measurements. After the 10 days, plates were taken out from
the incubator (at constant 26 ◦C). Subsequently, after 10 days of maintenance at room
temperature, the plates were visually analyzed to confirm the antifungal activity. Biometric
analyses were carried out to the fungal growth, in order to evaluate the antifungal potential
of the EOs.

Fungal inhibition efficacy (E, %), was calculated according to the formula proposed
by [37]:

E =
Rc − RT

Rc
× 100 (3)

where Rc is the radius of the fungal colony in control plates and RT is the fungal radius in
the test plates.

The two EOs were tested in four concentrations (25%, 50%, 75%, and 100%), while
the pure substances (linalool, estragole, and eugenol) were tested in three concentrations
(25%, 50%, and 100%). Antifungal activity of linalool, estragole, and eugenol was similarly
evaluated against B. cinerea pathogen. Microbial growth in the control and test plates was
also subjected to light microscopy studies, in order to detect potential cells and mycelia
abnormalities.
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2.9. Statistical Analysis

The purpose of the analysis was to determine the statistical average temporal efficacy
for the two EOs, depending on the tested concentrations, against F. oxysporum and B. cinerea.

The statistical analysis was performed with the Matchcad 2000 program and Excel
from MS Office 2007 package. For each reading across time, four repetitions of the essential
oils were conducted, and the results were analyzed using simple statistical estimators
including arithmetic means, medians, and quartiles.

3. Results
3.1. EOs and FWs Chemical Composition Evaluation with GC-MS

The results showed that EOs are characterized by the presence of linalool in high
concentrations (32.66% and respectively 52.18%), when compared to the other compounds.
According to some studies [38–41], secondary metabolites of medicinal plants are prone to
qualitative and quantitative variations, depending on a number of factors: agrometeorolog-
ical conditions, season and harvest period, phenological stage of development of the plant
at the time of harvesting, etc.

The chemical composition of the EOs of Yellow basil, variety “Aromat de Buzau” and
Red-violet basil, variety “Serafim” is shown in Table 2. For both EOs, 16 main compounds
were identified of which 13 are common compounds (found in both EOs, but in different
percentages), representing 99.65% and respectively 99.99% of the total separated compounds.

Table 2. Chemical composition of the EOs isolated from aerial plant part of the basil (Ocimum
basilicum L., fam. Lamiaceae).

Compound Molecular Formula Molecular Weight (g/mol) RT EO1 *(Area %) EO2 *(Area %)

Pinene C10H16 136.24 9.68 nd 0.92

Myrcene C10H16 136.23 13.62 nd 0.95

Cineol C10H18O 154.24 15.09 2.63 7.29

Camphor C10H16O 152.23 25.28 0.60 nd

Linalool C10H18O 154.25 26.32 32.66 52.18

Linalyl acetate C12H20O2 196.29 26,35 0.45 2.74

Bornyl acetate C12H20O2 196.28 27.04 0.38 nd

Bergamontene C15H24 204.33 27.17 nd 1.13

α-Guaiene C15H24 204.35 27.28 2.64 3.54

Caryophyllene C15H24 204.36 27.39 1.19 2.87

Estragole C10H12O 148.20 29.30 42.71 3.93

Terpineol α C10H18O 154.25 29.66 0.40 0.84

Germacrene D C15H24 204.35 30.05 4.47 4.76

Guaiadiene C15H24 204.35 30.25 2.18 2.87

Elemene α C15H24 204.36 30.55 1.15 2.40

Elemene β C15H24 204.35 31.19 2.00 5.10

Cubenol C15H26O 222.37 31.23 2.31 nd

Eugenol C10H12O2 164.20 39.34 0.81 5.31

Cadinol C15H26O 222.37 39.65 3.07 3.16

Total of major compounds 16 compounds identified (13 compounds common for both varieties representing over 99.65% and 99.99%)

Classes EO1 EO2

Monoterpenes hydrocarbons 3.46 11.90

Monoterpenes oxigenated 76.37 56.95

Sesquiterpene 19.01 25.83

Others 0.81 5.31

* EO1—Essential oil of Yellow basil ‘Aromat de Buzau’ variety; EO2—Essential oil of Purple basil ‘Serafim’ variety;
RT—Retention time; Area—the values were expressed as (area percentage); nd—not detected.



Diversity 2022, 14, 1048 9 of 23

The main compounds identified for EOs (Table 2) from “Aromat de Buzău” variety
were linalool (32.66%) and estragole (42.71%), while for the “Serafim” variety was linalool
(52.18%). The variability of the species, the weather parameters specific to year 2018, and
the pedological conditions were the major factors influencing the compound variations.

The chemical composition of the FWs of Yellow basil, variety ‘Aromat de Buzau’ and
Red-violet basil, variety ‘Serafim’ is shown in Table 3. A total of 14 compounds were
determined for FW1 and 12 for FW2, 12 of them being common compounds (found in both
FWs although in different percentages), accounting for 98.92% and respectively 99.88%, of
the total isolated compounds.

Table 3. Chemical composition of the FWs isolated from aerial part of the basil (Ocimum basilicum L.,
fam. Lamiaceae).

Compound Name Molecular Formula Molecular Weight (g/mol) RT FW1 *(Area %) FW2 *(Area %)

Cineol C10H18O 154.24 14.27 5.98 10.19

Fenchone C10H16O 152.23 21.23 0.13 0.59

Linalool oxide C10H18O2 170.25 23.84 0.08 0.06

Camphor C10H16O 152.23 24.58 1.91 1.24

Linalool C10H18O 154.25 25.65 68.08 59.58

α-Guaiene C15H24 204.35 27.23 0.21 0.45

Phenylacetaldehyde C8H8O 120.15 28.28 0.08 nd

Estragole C10H12O 148.20 28.59 9.54 0.58

Terpineol α C10H18O 154.25 29.45 1.53 1.51

Nerol C10H18O 154.25 32.80 0.72 0.57

Eugenol C10H12O2 164.20 39.21 7.73 24.77

Chavicol C9H10O 134.18 41.94 0.75 0.08

Dioctyl phthalate C24H38O4 390.55 43.66 2.02 nd

Cumarina C9H6O2 146.14 44.25 0.16 0.08

Total of major compounds 14 compounds identified (12 compounds common for both varieties representing
over 98.92% and 99.70%)

Classes FW1 FW2

Monoterpenes hydrocarbons 6.19 10.84

Oxygenated monoterpenes 81.78 63.42

Sesquiterpene 0.93 1.22

Others 10.02 24.22

* FW1—Floral water of Yellow basil ‘Aromat de Buzau’ variety; FW2—Floral water of Purple basil ‘Serafim’;
RT—Retention time; Area—the values were expressed as (area percentage); nd—not detected.

The antimicrobial effect produced by the main compounds found in the two types of
basil was tested afterwards separately. The subsequent dosage of the three compounds
of interest (linalool, estragole, and eugenol, Table 4), showed that linalool is the major
compound (39.29%; 55.51% for EOs and 13.70%; 0.09% for FWs), followed by estragole
(31.48%; 9.78% for EOs and 1.04%; 0.30% for FWs) and eugenol (5.42%; 7.63% for EOs and
0.43%; 0.32% for FWs).

3.2. Antioxidant Activity of the EOs and FWs

The methods used to evaluate the antioxidant activity (DPPH, ABTS, and FRAP) were
selected to best cover the different mechanisms of antioxidant activity. These methods
can act primarily through hydrogen atom transfer, electron donation, or transition metal
chelating ability.
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Table 4. Quantitative dosage of the main three compounds (linalool, estragole, eugenol) found in
basil extracts.

Compound Name EO1 * (g, %) EO2 * (g, %) FW1 * (g, %) FW2 * (g, %)

Linalool 39.29 55.51 13.70 0.09

Estragole 31.48 9.78 1.04 0.30

Eugenol 5.42 7.63 0.43 0.32
* EO1—Essential oil of Yellow basil ‘Aromat de Buzău’ variety; EO2—Essential oil of Purple basil ‘Serafim’ variety;
FW1—Floral water of Yellow basil ‘Aromat de Buzau’ variety; FW2—Floral water of Purple basil ‘Serafim’.

As illustrated in Table 5, the highest antioxidant capacity obtained using the DPPH method
was in the case of EO obtained from Red-violet basil, variety ‘Serafim’ (0.85 ± 0.01 g L−1), com-
pared to EO obtained from Yellow basil ‘Aromat de Buzau’ (15.47 ± 0.50 g L−1). Therefore,
the lower the IC50 value, the higher the antioxidant capacity of the analyzed sample.

Table 5. Antioxidant capacity of EOS and FWS obtained from new variety of basil (Occimum
basilicum L., fam. Lamiaceae).

Methods EO1 * EO2 * FW1 * FW2 *

DPPH a (IC50 g L−1) 15.47 ± 0.5 0.85 ± 0.01 893.63 ± 1.51 124.50 ± 0.33

ABTS a (mM Trolox g−1) 0.08 ± 0.00 0.20 ± 0.00 0.45 ± 0.01 1.08 ± 0.02

FRAP (mM Trolox g−1) 22.46 ± 0.72 28.45 ± 0.46 0.11 ± 0.00 0.24 ± 0.00

* EO1—Essential oil of Yellow basil ‘Aromat de Buzau’ variety; EO2—Essential oil of Purple basil ‘Serafim’ variety;
FW1—Floral water of Yellow basil ‘Aromat de Buzau’ variety; FW2—Floral water of Purple basil ‘Serafim’; a Values
are expressed as average ± SD (n = 3).

3.3. Antibacterial Activity of the EOs

The two EOs obtained by hydrodistillation, were tested against the pathogenic G-,
Perctobacterium carotovorum, P. marginalis, and P. syringae.

The EOs extracted from both basil varieties expressed wider inhibition areas when
applied in C3 = 50% against the tested bacteria. It is assumed that, at this concentration, the
emulsion contained sufficient solvent to ensure a good dispersion of the active ingredient,
and sufficient essential oil for bacterial inhibition.

In addition, three pure compounds of linalool, estragole, and eugenol were tested for
P. syringae.

Tests showed that linalool has bacteriostatic activity only at high concentrations
(C3 = 50% and C1 = 100%) and the inhibitory activity is maintained only during the first
24 h of incubation (Figure 3). However, in the case of using estragole (Figure 4) and eugenol
(Figure 5), the antibacterial activity is observed for all concentrations (25–100%), both
during the first 24 h of incubation, and is maintained 3 days after applying the oil.

When tested against P. carotovorum, the EOs extracted from ‘Aromat de Buzau’ and
‘Serafim’ varieties, at C3 = 50%, revealed inhibition areas of 2.3 and 2.13 cm in diameter,
after 24 h of incubation. After 7 days of incubation, the inhibition areas decreased to 2.2
and 1.53 cm, respectively. Longer incubation times provided the opportunity for viable
bacteria cells to multiply and colonize the area spotted with oil sample, starting from the
edge toward the center. However, no colonies developed starting from inside the treated
areas. These indicate a bactericidal activity only when the volatile oils are in direct contact
with the bacterial cells; otherwise, the effect is bacteriostatic.
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Similar analysis carried out against P. marginalis showed a bacteriostatic effect of the
EOs against this pathogen. This was considered based on the fact that on the initially clear
area, with no bacterial growth in the first 24 h, some small bacterial colonies appeared after
7 days of incubation. In the case of undiluted basil oils, the bacterial pigment production
was visibly diminished. After 7 days of incubation, the inhibition areas decreased to 0.8
and 0.9 cm, respectively, the effect being bacteriostatic for both EOs tested.

The results obtained on P. syringae showed that for EO1, during the first 24 h of
incubation, the results were very good for C1 = 100% (0.7 cm) and C2 = 75% (0.6 cm), while
for C3 = 50% and C4 = 25% the density of bacterial cells was only reduced on the agar
medium. After 3 days of incubation in the presence of EO1, at C4 = 25%, the bacteria
uniformly colonized the substrate. At the other concentrations tested, although the trace
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left by the basil oil spot could be distinguished, the bacteria grew rapidly on the surface
of the agar; however, at a lower density than in the rest of the plate. The situation is
similar, for undiluted EO2 (C1 = 100%) the growth of bacteria was inhibited by 0.8 cm,
while for C2 = 75%, C3 = 50%, and C4 = 25% the density of bacterial cells was only reduced
on the agar medium in the dissemination areas of the oil spot. After 3 days of incubation
in the presence of EO2, the bacterium grew on the surface of the agar and in the area of
the essential oil spot, but at a lower density than in the rest of the plate. In conclusion,
more effective bacterial activity of the two EOs have been determined for the two high
concentrations (C1 = 100% and C2 = 75%), reducing bacterial growth, the effect being
bacteriostatic.

3.4. Antifungal Activity of the EOs

The two EOs obtained by hydrodistillation, were tested against the pathogenic fungi,
Rhizoctonia solani (DSM63002), Fusarium oxysporum (ZUM 2407), and Botrytis cinerea (natu-
rally isolated). For the case of B. cinerea, the three pure compounds (linalool, estragole, and
eugenol), were also tested.

Tests performed against R. solani showed that after 3 days of incubation, the pathogen
developed a slimy exudate around the fungal colonies in the volatile oil treated plates.
After 3 days of incubation, the untreated control revealed a complete colonization of the
plates with mycelia.

Both basil EOs showed a high antifungal activity (Figure 6). The pathogen started
growing in this environment, after 5 days of incubation, only in the plates treated with
C4 = 25% oil in the emulsion, where colonies had a radial growth of less than 0.4 cm in
length. After 7 days of incubation, the radial growth of the fungi was 0.8 ± 0.2 cm in
length in the plates treated with C4 = 25% of basil oils, or less than 0.2 cm long in the plates
treated with C3 = 50% oil in the emulsion. After 10 days of incubation, EO1 expressed 100%
efficacy in R. solani growth inhibition, when tested as an emulsion of 75% and 100% oil
concentration. At a ratio of 50% oil in the emulsion, the EO1 expressed 94.2% efficacy, while
at a ratio of 25% oil concentration, the EO1 had 70.1% efficacy in inhibition of fungal growth.
The EO2 expressed 98.1% efficacy in fungal growth inhibition, when applied undiluted,
and 75.2% efficacy at a ratio of 25% oil concentration in the emulsion.
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Optical microscopy studies showed several fungal-cell structure alterations in the
presence of EOs (Figure 7). Compared to the mycelial growth in the absence of EOs, it
is observed that in the presence of EO1 the density of the mycelial hyphae reduced their
slightly zigzag growth (Figure 7a), respectively the occasional lysis of the mycelial filaments
(Figure 7b).
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Figure 7. Microscopic aspects of R. solani cultures developed in the presence of EO1, C4 = 25%;
(a) zigzag growth of mycelial hyphae; (b) lysis of mycelial hyphae.

Electron microscopy photos were illustrated only for the most unfavorable scenario
(C4 = 25% concentration) to emphasize the clear effect of EO1 in breaking the pathogen cells.

The tests performed against F. oxysporum (after 10 days of incubation at 27 ◦C), cul-
tivated in the presence of undiluted EO1 and EO2, had mycelial growth inhibited perfor-
mance by 96.7% and respectively 98.2%, compared to the untreated control. At C2 = 75%,
the two essential oils presented an inhibitory efficacy of 82.4% in the case of EO1 and
respectively 83% in the case of EO2 (Figure 8). When tested at C3 = 50%, the two EOs
showed a weak inhibition efficacy (below 30%), while at C4 = 25% the inhibition of mycelial
growth after 10 days of incubation was similar to the untreated control sample.
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The microscopic evaluation of the mycelial growth of F. oxysporum, inhibited with
EO2 did not reveal any notable changes in morphology, only a weaker branching of the
mycelium (in the control culture the mycelium is denser), as depicted in Figure 9.
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control sample (b).

Studies carried out against Botrytis cinerea showed that basil EOs were more effective
in fungal inhibition. In the case of yellow and purple basil, the EOs applied in C3 = 50%
or higher, revealed a decrease in fungal growth rate, and complete fungal inhibition of
B. cinerea was maintained for at least 10 days of incubation (Figure 10). Optical microscopy
studies showed fungal cells lysis and cytoplasm leaching when the mycelia were closely
exposed to EO spots (Figure 11).
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Figure 11. Fungal cell lysis of Botrytis cinerea when exposed to EO2 basil at C4 = 25% in the emulsion
(the arrow indicates cytoplasm leaks).

Among the three volatile compounds tested (Table 6), eugenol completely inhibited
fungal growth in all tested concentrations (25% and higher). As the complete inhibition
was maintained not only in the first 10 days of cultivation, but also after a prolonged
incubation, it can be concluded that eugenol has a fungicidal effect on the gray mold.
Complete fungal growth inhibition was obtained also when using linalool in 50% and
higher concentrations. Although, at C4 = 25% and 40 µL dose/plate, linalool revealed only
12.17% fungal inhibition efficacy. However, estragole revealed a poor antifungal effect, of
25.99% inhibition efficacy, even when tested undiluted, in 40 µL dose/plate.

Table 6. Fungal growth inhibition efficacy of compounds against phytopathogenic Botrytis cinerea.

Compound Conc * %
Mycelial Growth Rate (cm) E ** %

3 Days 5 Days 7 Days 10 Days

Control sample - 1.40 2.60 3.45 3.80 -

Linalool
100 0 0 0 0 100
50 0 0 0 0 100
25 0 0.45 1.57 3.34 12.17

Estragole
100 0 0.40 1.41 2.81 25.99
50 0 1.11 2.05 3.53 13.82
25 0.56 1.72 2.67 3.75 1.32

Eugenol
100 0 0 0 0 100
50 0 0 0 0 100
25 0 0 0 0 100

* Concentration in tested emulsion; ** The effectiveness of the performed treatments.

4. Discussion
4.1. Chemical Composition of the Essential Oils (EOs) and Floral Waters (FWs), Obtained from the
Two New Varieties of Basil

The main classes of compounds identified for ‘Aromat de Buzau’ in the EO were oxy-
genated monoterpenes (76.37%) followed by sesquiterpenes (19.01%). In the EO obtained
from the variety ‘Serafim’, the concentrations varied significantly oxygenated monoter-
penes with lower rates (56.95%), sesquiterpenes (25.83%), and hydrogenated monoterpenes
(11.90%). Linalool is the major compound for both EOs, varying quantitatively, from 39.29%
for EO1 to 55.51% for EO2. The next component identified according to the percentage
quantity was estragole, that showed large variations, from 31.48% for EO1 to 9.78% for
EO2. The eugenol compound was identified in percentage of 5.42% for EO1 and 7.63% for
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EO2. The differences in concentrations recorded when dosing the three compounds and
the percentage increase in other minor compounds can potentiate the antioxidant activity
of EOs [42]. In many cases, the major compound cannot be confirmed as the only one
responsible for the biological activity of the EOs, since this phenomenon is the result of the
interaction between the different compounds.

Similar research [42,43] indicate that different Ocimum species (including violaceus)
have different chemical compositions and component percentages according to their ge-
ographic origins, cultivation methods, cultivars, etc. As an example, cultivars of basil
violaceus from northern Brazil contain linalool (39.3%) and mururol (11.0%), while the
species from Bangladesh [44] contain mainly methyl-cinnamate (59.95%), linalool (16.40%),
and cadinal (4.37%). Purple basil cultivars found in Iran [45] include methyl chavicol
(52.40%), linalool (20.10%), and epi-cadinol (5.90%). In research on O. basilicum var. pur-
pureum carried out in Nigeria [46], GC-MS analysis revealed the presence of 25 chemicals
representing 99.7% of the of the total oil composition. The most abundant compounds
were methyleugenol (15.5%), 2-phenyl-1-hexanol (14.0%), 1-(4,5-dimethyl-2-nitrophenyl)-
1-H-tetraazole (14.0%), 2-methyl-3,5-dodecadiine (14.0%), o-nitrocumene (14.0%), and
patchoulan (6.7%).

In a study conducted on EOs obtained from two varieties of basil cultivated in Yemen
(var. basilicum and var. purpurascens), [47] twenty-three compounds were identified in violet
variety and thirty-one compounds in green variety. Linalool (44.37%; 46.24%), estragole
(20.05%; 13.26%), trans-methyl cinnamate (15.05%; 0.45%), 1,8-cineole (9.28%; 3.28%), and
epi-α-cadinol (1.38%; 3.10%) were the main compounds common to both EOs. In the
study conducted in Serbia [48] on EOs obtained from three sweet basil cultivars, the main
classes of compounds identified were sesquiterpenes (38.39% and 37.95%), oxygenated
monoterpenes (25.44% and 28.04%), and phenylpropanoids (17.43% and 15.71%). The main
constituents of the EOs were linalool (13.68% and 15.38%), eugenol (10.83% and 8.97%),
and α-bergamotene (8.12% and 9.25%).

In a study carried out in 2009 [49] on sweet basil grown in Romania, between 11 and
19 compounds have been identified, of which linalool was the main compound with 46.95%
of the total identified compounds. Comparing the composition of the analyzed EOs and
FWs, both quantitative and qualitative differences were identified. The results obtained
were generally different from those in the specialized literature, regarding the main com-
pounds [49,50]. The observed differences could be the result of different environmental
factors, genetics, the different chemotypes used, but also a number of other factors that can
influence the composition of the oil.

The results obtained for both EOs and FWs showed a variation in both the number
and the amount of compounds (linalool, estragole, and eugenol) showing important quanti-
tative variations, both for EOs and FWs. The differences are caused by the variability of the
two cultivars and the climatic conditions of 2018 (high temperatures during the vegetation
period of the plants, water shortage in the summer months).

4.2. Antioxidant Potential Assessment for Basil EOs and FWs

The highest antioxidant potential obtained by the DPPH method was of the EO obtained
from Red-violet basil, the ‘Serafim’ variety (0.85 ± 0.01 g L−1), compared to the EO obtained
from the Yellow basil, the ‘Aromat de Buzau’ variety (15.47 ± 0.50 g L−1). Therefore, the
lower the IC50 value, the higher the antioxidant capacity of the analyzed sample.

The obtained values were found to be similar to the data previously reported in various
publications. D. Beatović reports in the study carried out on various varieties of basil, IC50
values between 0.03 and 6.8 µg mL−1 [51]. The IC50 values obtained for the EOs extracted
from the new varieties of basil demonstrate a high antioxidant capacity. The values obtained
are higher than those reported in other studies evaluating Ocimum basilicum L., with IC50
values ranging from 3.6–8.1 mg/mL [30] and IC50 = 1.09 ± 0.066 mg/mL [52].
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In the case of ABTS testing method, the highest antioxidant capacity was also recorded
for EO2 with a value of 0.20 ± 0.00 mM Trolox g−1. In addition, EO1 registered a good
antioxidant activity by this method, with a value of 0.08 ± 0.00 mM Trolox g−1.

In the case of testing the antioxidant activity of the two EOs by the FRAP method, it
was seen that the EO2 had the highest value (28.45 ± 0.46 mM Trolox g−1) compared to
EO1 (22.46 ± 0.72 mM Trolox g−1).

The variation of climatic conditions during the vegetation period of the plants signifi-
cantly influenced the chemical composition of the studied EOs and FWs, and implicitly
the decrease or increase in the antioxidant activity. However, combinations of compounds
provide information regarding the interactions between them and help in developing
more effective formulations. Different interactions between major compounds can lead
to synergistic, additive, or antagonistic effects. The activity that results from these combi-
nations may be higher/lower or equal to the results observed by comparison with a pure
compound [53].

In some recent studies [14], volatile compounds have been shown to possess important
antioxidant activity. Ref. [16] showed that eugenol (major compound in basil EOs) had
the highest antioxidant potential. However, despite the influence of this compound, the
strongest antioxidant activity of basil EOs is related to the synergy between other minor
compounds. Ref. [54] investigated the antioxidant activity determined by the DPPH
method and showed that a series of free volatile compounds shows good antioxidant
properties, comparable to those of the essential oil, or the synthetic antioxidant BTH
(butylated hydroxytoluene), but less than pure eugenol. The antioxidant activity of eugenol
has been reported in previous studies, however, it is related to a limit value [55]. The Food
and Drug Administration (FDA) states that the use of eugenol in food is considered safe
only if administered within certain established limits, indicating that exceeding it can cause
health problems and even be fatal [56].

4.3. Antibacterial Potential Assessment of Basil EOs

The evaluations conducted against the three pathogenic bacteria showed that P. carotovorum
was more susceptible to be controlled by the tested EOs than P. marginalis and P. syringae.

EOs contain various active compounds, which can disturb multiple targets in bacterial
cells [57]. One of the most important parts is the cytoplasmic membrane. Some compounds
found in the volatile oils are increasing cell membrane permeability, which leads to the
cell viability loss. This is mostly associated with ionic homeostasis and electron chain
transport [58]. For example, carvacrol, thymol, and eugenol decrease the intracellular
potassium level, and increase the extracellular level [59]. Another characteristic of the EOs
is their lipophilic nature, and ability to access the periplasm of bacterial cells. The interaction
with polysaccharides, fatty acids, and phospholipids makes bacterial membranes more
permeable for the volatile oils, in order that the loss of ions and cell content leads to cell
death [60]. Other important mechanisms of action include denaturation of cytoplasmic
proteins and inactivation of cellular enzymes, which lead to bacterial cells death [61]. In
general, alcohol, aldehydes, and phenolic constituents are responsible for the cytotoxicity
of EOs [62]. These properties are important for EO applications against various viruses,
bacteria, and fungi [57,63].

4.4. Antifungal Potential Assessment of Basil EOs

The preliminary tests carried out on the three phytopathogenic fungi, showed that
for F. oxysporum there is a high probability to be controlled by the tested EOs. Regarding
R. solani and B. cinerea, the effect of the two EOs is fungicidal starting from C3 = 50%.

Similar studies [64] show that the germination percentage of F. oxysporum and P. infes-
tans decreases with the increasing concentration of EOs composed of C. citrinus, C. citratus,
E. tereticornis, and O. gratissimum. In this study, it is shown that the inhibition percentage of
mycelial growth of the two fungi increases with the concentration used. The increase in the
inhibitory effect of some EOs extracted from basil (Ocimum basilicum L.) in controlling the
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fungus F. oxysporum also clearly validated the present paper main findings from the data
presented by [65]. Similar conclusions were obtained by [66], for controlling the fungus
F. oxysporum. In the study carried out by [67], a series of different basil EOs were evaluated
against the phytopathogenic fungi F. oxysporum sp. cicer and A. porri. The results showed
that basil EOs with the maximum inhibition rate were 17.25 mm.

The results confirm the output of other studies [68,69], which demonstrated that in
O. basilicum chemotypes rich in estragole (1000 ppm) and linalool (300 ppm), the mycelial
growth of B. fabae is reduced to 78–49%.

Several mechanisms have been stated regarding fungal growth inhibition due to the
volatile compounds. Ref. [70] indicated that mycelia growth inhibition is caused by the
monoterpenes present in the essential oils. These components could increase the amount of
lipid peroxides inside the cells, such as hydroxyl, alkoxyl, and alcoperoxyl radicals, thus
causing cell death. It has been shown that in the presence of EOs, the fungal cell wall is
thinner, mycelia are distorted, cytoplast is lost from the cells, and cell lysis occurs [71].
Although EOs obtained from plants have antimicrobial activity, the mechanisms of action
are not completely elucidated. The antimicrobial activity could be caused by a major oil
compound or due to a synergistic effect between major and other minor compounds [72,73].

4.5. Statistical Analysis of Antifungal Activity Results

The analysis corresponds to the populations formed by the values of the growth radius
of the colony, measured during the experiment. The series of four repetitions performed
for each reading over time, and for each of the two essential oils (with four concentrations)
tested and the control variant, were studied by elementary statistical estimators: arithmetic
means, median, quartiles.

Figure 12a,b shows that the weighted average efficiency over time increases with the
concentration of EO1 used to control the phytopathogenic fungus F. oxysporum. The shape
of the curve in Figure 12 suggests that from C = 80%, the increases are small and negligible,
compared to the increases corresponding to concentrations between 25% and 80%.
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Figure 12. The dependence of the average temporal efficacy on the concentration, for EO1 (a) and
EO2 (b) against F. oxysporum.

In conclusion, intensity of the process of controlling the phytopathogenic fungus F. oxys-
porum using two essential oils obtained from new varieties of medicinal plants, depends on
two essential variables: the time and the concentration used in the control process.

The growth variation of B. cinerea and the effectiveness of the treatments carried
out with the two basil EOs are shown in Figure 13a,b, where the average growths of the
phytopathogen are represented as a function of four concentrations and the control sample.
Each marked point on the figure corresponds to an average value for the four repetitions of
the experiment. The variation of the effectiveness of the performed treatments (calculated
according to Equation (3), depends on the time (period of 3–10 days).
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Figure 13. The dependence of the average temporal efficacy on the concentration, for EO1 (a) and
EO2 (b) against B. cinerea.

Figure 13a,b shows that the time-weighted average efficiency increases with the
concentration of the two EOs used to control the phytopathogenic fungus B. cinerea. The
shape of the two curves in the figure suggests that at C > 60%, the action of both EOs
becomes fungicidal.

In addition, for B. cinerea, different concentrations for the pure compounds (linalool,
estragole, eugenol) were comparatively tested, and the results are shown in Figure 14.
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Figure 14. The dependence of the average temporal efficacy on the concentration, for linalool,
estragole, and eugenol, on the B. cinerea.

The three chemicals (linalool, estragole, and eugenol) increase in effectiveness with
concentration, as in the case of the two EOs. In terms of fungistatic potential, among the
three tested compounds, linalool is the second most effective, considering that for concen-
trations exceeding 50% the effectiveness is 100% over the entire period of the experiments.

For estragole, the effectiveness increases with the concentration, and over time, it
decreases with the fungus resuming its growth. As a fungistatic potential, for control, its
action appears to be exclusively fungistatic.

The strongest antifungal effect on the phytopathogenic fungus B. cinerea is shown by
eugenol solutions. Tested solutions maintain their constant 100% efficacy for all concentra-
tions and throughout the testing period. The behavior of eugenol makes this substance the
most effective of the three tested, and shows a fungicidal effect.
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5. Conclusions

The novelty of this study is represented by the new two varieties of basil (‘Aromat
de Buzău’ and ‘Serafim’) which belong to different varieties (Yellow basil and respectively
Red-violet), which were evaluated for the first time regarding their chemical composition,
antioxidant capacity, and antimicrobial effects.

The two varieties are notable for their high content in linalool, estragole, and eugenol.
Therefore, the variety ‘Aromat de Buzau’ can be classified in the linalool and estragole-
linalool chemotypes, while the variety ‘Serafim’ can be classified in the linalool and linalool-
eugenol chemotypes. Moreover, the complexity of compounds and classes of compounds
identified in the two EOs and FWs is correlated with their high antioxidant activity. The
two EOs show significant antimicrobial activity, with possible fungicidal effect on Rizoctonia
solani and Botrytis cinerea strains at concentrations higher than 50%. It should be mentioned
that the fungicidal effect on Botrytis cinerea for linalool starts at C > 50% and eugenol starts
at C > 25%.

The results obtained are promising, and the deepening of these studies is needed, in
order to use the two EOs (single or in combination) in the practice of ecological agriculture,
and formulate effective products in the fight against specific pathogens.
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