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Introduction

Bacterial resistance to the majority of traditionally used 
antibiotics requires searching for new products with antimi-
crobial action [1, 2]. One of the directions of this searching 
are aromatic plants, which have a broad spectrum of actions, 
including antimicrobial ones [3, 4].  The genus Monarda, 
family Lamiaceae, is mentioned among these plants. Their 
species have been introduced into culture in many countries 
[5, 6], including the Republic of Moldova [7]. Phyto-chem-
ical studies of Monarda fistulosa L. and Monarda didyma L. 
indicate the presence, in the essential oil, of high amounts 
of phenolic compounds (thymol and carvacrol) – up to 60-
70% [8, 9].

Some sources indicate that the Wild bergamot essential 
oil also contains thymoquinone and thymohydroquinone 
[10, 11]. Their antimycotic, anticancerous and antituber-
culous actions were demonstrated both in vitro and in vivo 
[12-15].

However, according to our data, the thymoquinone 
content in the Wild bergamot essential oil, obtained by the 
traditional methods, is relatively low (not more then 3-4%). 

This depends on plant material drying and storage condi-
tions, as well as technological parameters of the essential oil 
isolation process. Prior studies have described a method for 
intensification of the thymoquinone accumulation, based on 
some agrotechnical procedures [16]. However, we could not 
find any indications about the possibility to increase thymo-
quinone formation after the plant material harvesting. As a 
consequence, the objective of this study was to evaluate the 
factors which affect the thymoquinone formation during 
the processing of plant material, and to create a technologi-
cal procedure for obtaining the Wild bergamot essential oil 
with maximum content of this active compound.

Material and methods

Plant material. Aerial parts of the Wild bergamot have 
been harvested in the budding-flowering phase from the 
collection of the Scientific Centre for Medicinal Plants Cul-
tivation of Nicolae Testemitanu State University of Medicine 
and Pharmacy.

Apparatus. Essential oil isolation has been performed by 
hydrodistillation, using a laboratory-made installation, as-
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sembled from peristaltic pump with adjustable speed of 0.5-
1.0 L/h, flow evaporator with maximal electric power of 0.35 
kW, cylindrical extractor with internal volume of 0.5 L, 2.8 
L or 4.5 L and flow cooler. Analysis of plant material, as well 
as of the obtained samples of the Wild bergamot essential 
oil has been performed using Agilent 1260 liquid chroma-
tograph with diode-array UV detector.  The following chro-
matographic conditions were used: analytical column Zor-
bax Eclipse Plus C18, 3.5 mm, 4.6 x 100 mm at 30°C; mobile 
phase: acetonitrile –  0.1% acetic acid solution (50:50), debit 
1.2 mL/min; detection at 256 nm (thymoquinone) and 276 
nm (thymol, carvacrol and thymohydroquinone).

Chemicals. In the study have been used reference sub-
stances: Thymol, Carvacrol and Thymoquinone (Sigma-
Aldrich). Thymohydroquinone was obtained in situ as a 
product of thymoquinone reduction by ascorbic acid. Other 
reagents of analytical grade have been purchased from Sig-
ma-Aldrich Chemie GmbH and Merck (Germany). 

Results and discussion

As a “starting point”, we have obtained the essential oil 
from fresh herb of Wild bergamot, using the traditional 
method of hydrodistillation. Ideally, the time interval from 
plant material harvesting and the essential oil distillation 
should be as short as possible, because the enzymatic oxida-
tion of volatile phenols takes place at the storage of collected 
aerial parts. From each kilogram of plant material, loaded 
into the extractor of 4.5 L volume, we have obtained 6-7 g 
of essential oil. This product contains 40-60% of phenolic 
compounds (sum of thymol and carvacrol) and not more 
than 0.3% of thymoquinone. At storage the thymoquinone 
content decreases to about 0.05%. If initial value is over-
stated due to notable degree of fermentation, may appear 
an inconsiderable crystalline precipitate. This needs to be 
separated by decanting and filtration.

Obtained product presents an oily liquid of light-yellow 
to yellow colour, with a strong odour and spicy taste, spe-
cific for the Wild bergamot. It is soluble in 3-18 parts of 70% 
ethanol. Relative density is 0.909 to 0.929, refraction index 
– 1.490 to 1.505, dry residue – not more than 1%.

At drying of the Wild bergamot herb a significant part of 
thymol and carvacrol transforms into thymoquinone. It is 
due to high activity of oxidative enzymes. But at the essen-
tial oil distillation from dried plant material, a major part 
of thymoquinone reduces to thymohydroqiunone by differ-
ent reducing substances present in the raw material. As a 
result, the thymoquinone content in essential oil, obtained 
from dried plant material, usually does not exceed 3-4% and 
continues to decrease during storage, sometimes practically 
to disappearance. Simultaneously, a considerable amount of 
thymohydroquinone forms as a crystalline precipitate.

To increase the thymoquinone yield at obtaining of the 
Wild bergamot essential oil, we have introduced two modi-
fications into technological procedure:

1. Additional fermentation of plant material prior to dis-
tillation. With the purpose to reactivate enzymes, the dried 

plant material was humectated with water, then exposed to 
air fermentation. This process may be carried out on opened 
trays with periodical mixing, but more technological is to 
perform the fermentation with a continuous air stream, 
blowing through the humidified plant material, loaded 
into the distillation extractor. The main advantage of this 
approach is the use of one apparatus at two technological 
stages without reloading the plant material. In this phase of 
the study were optimized such parameters as amount of wa-
ter, debit of air, temperature and duration of fermentation.

2. Distillation of the essential oil with a mixture of air and 
steam. This idea is based on the fact that oxygen protects the 
thymoquinone from reduction during the distillation. The 
air was pumped together with water into the mixer, con-
nected to the inlet of the flow evaporator (fig. 1). The vol-
ume of the extractor was decreased to 2.8 L, because it was 
found, that high duration of the distillation process leads to 
decreasing of the thymoquinone yield due to its reduction 
to thymohydroquinone.

This approach has allowed obtaining the essential oil 
with thymoquinone content of 20-32% vs. 9-17% at steam 
distillation without air adding. We have obtained samples of 
essential oil with high thymoquinone content (up to 38%), 
using an extractor of small volume (0.5 L). This content 
was not depending significantly on the presence of air in 
steam, due to fast increasing of temperature in the extractor 
and short time of distillation process. However, both small 
amounts of raw material used (about 75 g) and essential oil 
obtained (1.1-1.5 g) in each load, have made this variant of 
low efficiency.

As a result of the study, the following laboratory proce-
dure has been elaborated to obtain the Wild bergamot es-
sential oil with high content of thymoquinone:

Fig. 1.  Scheme of the laboratory installation  
for isolation of essential oil.

1 – feeding vial with water, 2 – water pump, 
3 – air pump, 4 – electric flow evaporator, 

5 – extractor with plant material, 6 – flow cooler, 
7 – recipient for condensate.
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Humectate 0.35 kg of the Wild bergamot herb, dried 
and fragmented, with 0.7 L purified water and mix thor-
oughly then load into a cylindrical extractor of 2.8 L vol-
ume. Keep the extractor at 35°C ± 2°C and blow with air, 
using a membrane pump, at 1.0-1.2 L/min for 6 h. Connect 
the extractor with a flow evaporator of 0.35 kW power and 
pump to the inlet of the evaporator water at 500-550 mL/h 
together with atmospheric air at 1.5 L/min at the start of 
process and 1.0 L/min after appearance of distillate from 
the flow cooler, connected to the outlet of the extractor. 
Upon termination of the distillation blow the extractor 
with steam only, to wash down the stratum of essential oil, 
deposited on the walls of the cooler. Collect about 250 mL 
of distillate into a narrow-necked flask, and then separate 
the layer of essential oil.

The yield of essential oil, obtained by the described 
method, was 4.4-5.1 g from a load of the extractor, or 12.5-
14.5 g from one kilogram of dried raw material.

The product presents an oily liquid of dark orange-
brown colour, with strong odour and spicy taste specific for 
the Wild bergamot. It is soluble in 4-10 parts of 70% ethanol. 
Relative density is 0.940 to 0.970, refraction index – 1.498 to 
1.514. The essential oil contains 23-32% sum of thymol and 
carvacrol and 20-32% of thymoquinone. During storage the 
thymoquinone concentration decreases by 3-4%, and then 
stabilizes. At storage on light the colour becomes darker, 
and the thymoquinone content decreases.

At the initial period of storage of the Wild bergamot 
essential oil, independently of the technological proce-
dure’s parameters, thymoquinone reacts with reducing 
compounds presented in the product. This results into the 
thymohydroquinone formation. This process has a dipha-
sic character: the thymoquinone concentration quickly de-
creases during the first week, and stabilization of the com-
position takes place after about a month of storage. The 
process kinetics can be formalized with the biexponential 
model type: )/(

2
)/(

10
21 ktkt eAeACC -- ×+×+= . For this reason we 

suggest storing the obtained oil for a month in quarantine 
before use. After expiration of this period the product com-
position remains stable for at least 2 years at storage in her-
metic glass containers.

Conclusions

A laboratory technological procedure has been elabo-
rated for obtaining the Wild bergamot essential oil with 
high thymoquinone content. This procedure is based on the 
air-stream fermentation of plant material, humectated with 
water, prior to distillation, and on distillation of essential oil 
with a mixture of steam and air. The thymoquinone content 
was 20-32% with the essential oil yield of 12.5-14.5 g from 1 
kg of plant material.
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