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Abstract

Bergamot (Citrus bergamia Risso) is not consumed as fresh fruit as other members of Citrus.
Bergamot essential oil has a unique aroma. Bergamot essential oil is a very valuable product used in
perfumery, cosmetics, aromatherapy and food industry due to its beautiful scent and functional
properties. As with other Ceitrus species, the composition of bergamot essential oil can vary
according to harvest time, climate and extraction technology.-ane-it’s-parameters. Bergamot essential
oil could be obtained by cold press extraction or distillation method. Within the scope of the study,
the effect of four different hydro-distillation times (5, 10, 60 and 120 minutes) on the composition of
bergamot essential oil obtained from Turkish fruits was investigated. In the first 60 minutes, 96.11%
of the total essential oil was obtained. Research findings have shown that the distillation time is quite
effective in the composition of bergamot essential oil. Limonene, linalool and linalyl acetate, which
are the main components of bergamot essential oil, varied in the range, 42.36-53.25%, 5.59-12.18%
and 20.84%-26.73% respectively with respect to distillation time. In cold press method, bergamot
essential oil has lower linalool/linalyl acetate ratio (0.15) compared to hydrodistillation method and

a higher quality essence was obtained. Fruits-were-cultivated-inFurkey:
Keywords: hydrodistihation—time;—ecold-pressing;—bergamot  essential oil; cold-pressing;

hydrodistillation time; limonene; linalool; linalyl acetate

1. INTRODUCTION

Citrus fruits rank first in the world in terms of production among fruits. They are grown commercially
in more than 50 countries around the world.! The contribution of the Ceitrus sector to the world
economy is enormous. With the increase in health awareness among the people, the tendency to
natural products increases the industrial value of these products in the world.2 One of them is
bergamot, which is mostly used in the production of essential oil.3 In Calabria, a unique pedoclimatic
region of South Italy, the world's highest quality bergamot has been produced since the middle of the
18th century.* Many studies were conducted on the bergamot fruits of Calabria and its applications,®>
9 often related to the essential oil composition.10-12 A new interest is growing in Turkey for bergamot
fruit.13-14
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Bergamot plants, despite uncertain species descriptions and phytogeographic origins, are mostly
grown in the Southern Italy, Argentina and Brazil.1> Bergamot peels are widely used in the production
of essential oil as well as being used as jam in Turkey. Bergamot is mostly grown in the Mediterranean
region in Turkey. It is known that about 70 tons/year of bergamot is produced in Antalya, which is
located in the Mediterranean region.

Bergamot has a thick cortex that contains a large amount of aromatic oils. During Ceitrus processing,
about 25% of the total Ceitrus weight is made of peels.1® Bergamot essential oils are especially in
demand in the perfumery and food industry. Essential oils obtained from bergamot grown in the
Calabria region are known for their characteristic properties.t” The essential oil of bergamot peel,
which is defined as the "prince of Ceitrus fruits" in Calabria, has a different composition and aroma
from all other Ceitrus peel oils.18-+9

Terpenes, sesquiterpenes, higher alcohols, aldehydes and esters predominate in essential oils obtained
from Ceitrus fruits. The first two types of hydrocarbons make up 95% of the total essential oil, while
compounds containing oxygen make up less than 5%. However, the latter are the main sources of
essential oil aroma. 166 The situation is slightly different for bergamot peel oil. Bergamot essential
oil consists of about 100 compounds. The volatile fraction consists of monoterpene (43-65%) and
sesquiterpene (less than 2%), hydrocarbons and oxygenated derivatives (aldehydes, ketones, alcohols,
esters and oxides) together with lesser compounds. Compared to other €Citrus essential oils, bergamot
oil is characterized by its high oxygen fraction. The main oxygen-containing compounds are linalool
(4-26%) and linalyl acetate (24-35%). The main hydrocarbon is limonene (29-46%); significant
amounts of B-pinene (5-7%) and y-terpinene (6-8%) are also present.10:196:20

Bergamot essential oil, which has antibacterial, antiviral and antioxidant effects, is a product used in
perfumery, cosmetics, aromatherapy, food and beverages due to its beautiful smell.20%-27

Traditional methods such as cold-press, hydrodistillation and steam distillation and advanced-«
methods (microwave-assisted hydrodistillation, solvent free microwave extraction, single drop
micro- extraction and headspace solid phase microextraction), can be used in the extraction of
essential oils and volatile substances.?8.2%
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hydredistitlation-28-Essential oils of medicinal-aromatic plants are generally obtained by distillation.
Hydrodistillation is one of the most popular and oldest ways to recover essential 0il 20312829 |f Citrus
peel volatiles, will be used as aroma, the cold pressing method is preferred. However, both volatile
and non-volatile compounds are extracted by cold-press. Additionally, many aroma components can
be thermally degraded during hydrodistillation. It is also requires large amounts of samples, long

time, and high energy.?® \

In the hydrodistillation method, most of the important fragrance components of essential oils such as
alcohols, aldehydes and esters are lost by heating, which affects the quality of distilled essential
0ils 20313617 The distillation process means that the oil is stripped of all non-volatile components,
including pigments.32¢-3* |n Ceitrus fruits, essential oils of the peel are mostly obtained by cold
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pressing method together with hydrodistillation.

Extraction of essential oils from natural products is a competitive field of study for researchers. The
selection of the extraction method depends on the properties of the components desired to be
obtained.33 Essential oil production may differ according to factors such as distillation method and
extraction device.34-383-37 |t s stated that in the production of essential oil from some medicinal and

aromatic plants, products with different compositions can be obtained depending on the distillation
time,39-4538-44
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However, no study has been found on the effects of such an application on the composition of
essential oil in Ceitrus oils. Within the scope of the research, the effect of 4 different hydrodistillation
periods on the composition and yield of bergamot peel essential oil was investigated. In addition,
essential oil compositions obtained by hydrodistillation and cold press method were compared.

2 EXPERIMENTAL
2.1 Plant material

Fresh bergamot peels were used as material in the research of the cultivar Yerli A-41 registered by
Republic of Tirkiye Ministry of Agriculture and Forestry Varitey Registiration and Seed Certification
Center.*65 The samples were taken from bergamot trees (30 years old, 6 decares, 120 trees) located in
Bati Akdeniz Agricul-tural Research Institute Ceitrus orchard on 23 March 2022 in
Antalya/Tirkiyeurkey (36° 56' 25" N; 30° 53' 10" E). Fruit genetic resouses (bergamot) are preserved
ex-situ in field gene collections (BATEM). After the samples were harvested, they were brought to
the Western Mediterranean Agricultural Re-search Institute (BATEM), Medicinal Aromatic Plants
Center Laboratory for analysis. First of all, weight and peel ratio of the fruit were determined. For
this purpose, 15 fruits were used for each replication.

2.2 Hydrodistillation (HD) process

The essential oil yieldameunts of the samples were determined by hydrodistillation method in the
Clevenger device_for 2 h.47 For this purpose, 50 g of fresh fruit peel was crushed with 150 ml of
distilled water in a blender (Waring 8011ES, USA) and then distilled in a Clevenger apparatus (Wisd
WiseTherm, South Korea). Distillation times; It were set to be 0-5 minutes, 0-10 minutes, 0-60
minutes, and 0-120 minutes. The determined distillation times were kept from the beginning of
boiling.

2.3 Cold press process

Obtaining essential oil by cold pressing was done according to Kirbaslar et al.*% For this purpose,
first of all, the albedo parts of the fruit peels containing essential oil were grated with a hand-held
grater. The resulting graters were subjected to manual pressing. The water:oil emulsion obtained as a
result of pressing was centrifuged at 12000 rpm for 20 minutes in an ultracentrifuge at 20 °C. The
water residue in the essential oils collected in the upper phase was removed with anhydrous sodium
acetate and analyzed.

2.4 GC/MS-FID analysis

Component analysis of bergamot peel essential oils obtained as a result of different distillation times
was determined using GC/MS-FID (Gas chromatography (Agilent 7890A) mass spectrometry
(Agilent 5975C)) and flame ionisation dedector device. For this purpose, a capillary column (HP
Innowax; 60.0 m x 0.25 mm x 0.25 pm) was used. First of all, essential oil samples were diluted with
n-hexane at a ratio of 1:50 to be analyzed. In the chromatographic analysis, helium gas was used as
the mobile phase at a flow rate of 0.8 mL/min. Essential oils diluted with hexane were given to the
device as 1 pL with a split ratio of 1:40. The device injection block temperature was set to 250 °C. In
order to real-ize the essential oil component separation, the column temperature program was adjusted
as 60 °C (10 minutes), from 60 °C to 220 °C at 4 °C/minute and 220 °C (10 minutes). The scanning
range (m/z) of 35-450 amu was used for the mass detector and 70 eV for ioniza-tion. The data of
Wiley7n, Oil Adams and Nist05 libraries were used as a basis for the identification of essential oil
components of the samples. The percentages of the obtained components were made using the FID
detector, and the identification was made using the MS detector.4% The identification accuracy of the
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components was also calculated using the alkane series, and the rention indices values were compared
with the literature values.

2.5 Statistical analyses

The research was carried out in a randomized plot design with three replications. Essential oil
component analyzes were performed as two injections per repetition. The data obtained as a result of
the study were subjected to the Duncan Multiple Comparison test using the SAS package program.
Obtained statistical data are presented as meanzstandard error.

3 RESULTS

Yields and chemical composition of the essential oil

In bergamot with an average weight of 219.55+48.36 g (meanzstandard deviation), the peel ratio
was determined as 26.64%. The essential oil contentameunt and essential oil-yield ratios obtained
as a result of four different distillation periods applied within the scope of the study are given in
Table 1. The research findings showed that there were significant differences in the essential oil
ratios obtained depending on the distillation time. In the first 60 minutes 96.11%82.88% of the total
essential oil in-thefirst-10-minutes-of distiHation-and-96-11%in-the first 60-minutes-were obtained.

TABLE 1 Essential oil content with respect to distillation time (meanzstandard error).
Ratio in totalEssential-oit

Distillation time (minute)  Essential oil content (%)

yield (%)
0-5 0.95+0.03° 36.96
0-10 2.13+0.22° 82.88
0-60 2.47+0.07% 96.11
0-120 2.57+0.09° 100.00

! Different letters in the same column indicate a difference of p<0.05 between the means.

Within the scope of the research, component analyzes of essential oils obtained at different times
were also performed (Table 2). In total, 18 types-of-essential-oHt components have been identified.
The data obtained reveal that there were significant differences between the essential oil component
concentrations of the samples depending on the time. In all of the samples, limonene constitutes the
most proportionally important part of the bergamot essential oil. Limonene had a tendency to increase
in the first 10 minutes and then decrease. In our study, linalool tended to increase and linalyl acetate
to decrease with increasing distillation time (p<0.05). B-Pinene ranged from 4.09% to 4.46%, and -
terpinene was between 5.96-6.62%. Predominantly, hydrocabons monoterpenes, as well as aliphatic
ester (hexyl acetate), monoterpene esters (linalyl acetate, neryl acetate, geranyl acetate), monoterpene
alcohols (linalool, a-terpineol, nerol, geraniol) and hydrocarbon sesquiterpene (B-bisabolene) have
been detected.

TABLE 2 Essential oil composition of the volatile oil with respect to hydrodistillation time (%, mean+standard
error)-

Compounds RIZ RIY 5 min 10 min 60 min 120 min
a-Pinene 1030 1025 0,68+0.022 0.70+0.00% 0.730.022 0.70+0.01%
B-Pinene 1122 1110 4.46%0.11° 4.09+0.03° 4.06+0.10° 4.44+0.06°
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Sabinene 1132 1122 0.80+0.02 0.71+0.01% 0.66+0.02° 0.73+0.02°

B-Myrcene 1170 1160 1.61+0.03° 1.77+0.03% 1.84+0.02% 1.85+0.06*
Limonene 1214 1198 45.12+1.02° 53.25+0.622 50.19+0.57° 42.36+0.96¢
cis- B-Ocimene 1242 1234 0.18+0.01% 0.15+0.00° 0.23+0.01° 0.32+0.03?
y-Terpinene 1260 1245 5.96+0.13° 6.31+0.02° 6.37£0.11%® 6.62+0.072
Hexyl acetate 1279 1273 0.21+0.02° 0.27+0.00? 0.12+0.01° 0.06+0.01¢
p-Cymene 1285 1270 0.80+0.152 0.32+0.00° 0.24+0.03¢ 0.24+0.01°
a-Terpinolene 1298 1282 0.31+0.02° 0.35+0.01% 0.37+0.01° 0.44+0.00*
Linalool 1549 1543 8.53+0.17° 5.59+0.09° 7.73+0.34° 12.18+0.48%
Linalyl acetate 1565 1554 26.73+0.872  21.48+0.57°  20.84+0.29°  21.43+0.62°
a-Terpineol 1709 1694 1.46+0.08° 1.48+0.02° 2.07+0.09° 2.90+0.20*
Neryl acetate 1734 1718 0.99+0.05° 1.19+0.03° 1.23+0.06° 1.44+0.04*
B-Bisabolene 1746 1727 0.13+0.01° 0.19+0.01° 0.35+0.012 0.31+0.042
Geranyl acetate 1764 1751 0.97+0.06° 1.08+0.00° 1.35+0.06° 1.70+0.09
Nerol 1804 1794 0.29+0.05° 0.30+0.00° 0.44+0.02° 0.61+0.03%
Geraniol 1848 1839 0.77+0.06° 0.77+0.01° 1.18+0.05° 1.6740.10°
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*zDifferent letters at the same line shows significant difference at pP<0.05
RI% calculated, RIv: Babushok et al. [5047]

3.1 Comparasion of two extraction methods

In addition, the compositions of essential oils obtained by hydrodistillation (CLV) and cold
pressing (CP) were evaluated within the scope of the research (Table 3). While the average amount
of distilled oil obtained by hydrodistillation was 2.57%, cold-pressed oil ratio was found to be 0.5%.
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The GC/MS-FID data obtained showed that there were significant changes in bergamot peel volatile
fractionessential-oit according to the extraction method. The main components of the peel volatile
fractionessential-oH obtained by both methods were determined as limonene, linalool and linalyl
acetate. However, there were significant changes in the ratios of linalool and linalyl acetae compared
to the extraction method. While the linalool ratio in the bergamot peel extractssential-oil obtained by
cold pressing was at the level of 5.37%, the ratio of this component obtained by hydrodistillation was
approximately 3 times higher than that value. On the other hand, linalyl acetate was the opposite.
However, the difference here was proportionally lower than that found for linalool. The difference
detected in limonene, which is also the main component of Ceitrus peel oils, was lower than these
two components.

TABLE 3 Essential oil composition of bergamot essential oil by extraction methods-

Compounds CLV= cP=

a-Pinene 0.80+0.022 0.70+0.01°
B-Pinene 4.56+0.04° 4.38+0.02°
Sabinene 0.60+0.02% 0.62+0.02*
B-Myrcene 1.78+0.042 1.030.02°

Limonene 45.90+0.85° 42.27+0.96°
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cis- B-Ocimene 0.1740.01* 0.16+0.01°
y-Terpinene 5.65+0.05% 5.37+0.03"
Hexyl acetate 0.13+0.032 0.10+0.012
p-Cymene 0.21+0.03% 0.15+0.02°
a-Terpinolene 0.41+0.04% 0.25+0.02°
Linalool 15.39+0.062 5.70+0.02°
Linalyl acetate 16.43+0.05° 37.85+0.062
a-Terpineol 2.68+0.02 udl
Neryl acetate 1.21+0.02% 0.61+0.01°
B-Bisabolene 0.37+0.03° 0.55+0.03%
Gerany| acetate 1.55+0.022 0.26+0.02°
Nerol 0.62+0.02 udl™=
Geraniol 1.54+0.01 udl

*zDifferent letters at the same column shows significant difference at p<0.05
**CLV: Hydrodistillation, CP: Cold pressing
***udl: under detection level

The limonene ratio of bergamot peel essential oil obtained by hydrodistillation was higher than that
obtained by cold press. It has been determined that there are some differences in the components that
are proportionally lower in bergamot peel essential oil according to the extraction method. In this
sense, a-terpineol, nerol and geraniol components, which are in the structure of monoterpene
alcohols, could be detected in essential oils obtained by hydrodistillation, but remained below the
detection limit in sample obtained by cold pressing. As a matter of fact, linalool content, which is in
the structure of monoterpene alcohol and is important in bergamot peel essential oil, was similarly
lower in the sample obtained by cold pressing. This difference in composition shows that oil with
different properties can be produced depending on the extraction method to be applied for bergamot
peel oil.

4 DISCUSSION

In our study, it was determined that there was only a 3.89% increase in the yieldameunt of essential
oil at the end of 120 minutes compared to 60 minutes. According to the hydrodistillation time, it is
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seen that 82.88% of the essential oil can be obtained in the first 10 minutes from the beginning of the
boiling point.it-is-seen-that-a-10-min iod—wa icien in b-yie in

Anastasopoulou et al.#4%? hydrodistilled Pimpinella anisum seed essential oil with a modified
clevenger type apparatus for 1 h, 2 h and 3 h. The highest percentage of essential oil yield (80 ml/kg)
was obtained after 1 hour of distillation and gradually the yield decreased to 60 ml/kg after 2 hours
and to 25 ml/kg after 3 hours.

Semerdjieva et al.51? determined the essential oil yield of Ruta graveolens fruit, Hyssopus officinalis
subsp with respect to distillation time. A significant amount of the aristatus essential oil content yield
(0.44%) was separated during the first 0-5 min distillation and the lowest yield (0.05%) during the
40-60 min distillation. Therefore, it has been shown that the distillation of H. officinalis can
significantly reduce the 3-hour hydrodistillation reported in the literature.

increased in lemon thyme, the percentages of monoterpene decreased, while the percentages of
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sesquiterpene in the essential oil increased. The results showed that hydrodistillation of essential oil
from lemon thyme for more than 60 minutes was useless.

Zhelzajkov et al.%%8 in the study in which the yield and composition of lavender essential oil were
examined according to the distillation time, the maximum oil yield was reached at 60 minutes. It was
determined that linalool acetate was at its highest rate at 30 minutes. It was showed that the essential
oil yield did not increase after the 60t minute.

To evaluate the effect of hydrodistillation time on essential oil content from fresh leaves of E.
pyriformis by Durazzini et al.,*2° four extractions were performed at four different times. The obtained
results revealed that the relative ratio of chemical compounds, as well as the essential oil yield, vary
significantly depending on the species, extraction time and method. An extraction time of 120 minutes
has been shown to be ideal for obtaining the highest oil yield.

Ibrahim et al.,*33 different distillation times (0-240 min) were used to generate fractions of Myristica
fragrans essential oil with different chemical compositions and bioactivity. The highest oil yield
among the fractions was obtained in the distillation period of 10-30 minutes. In general, it was
determined that M. fragrans seed oil yields increased with increasing distillation time.

In the studies conducted by Jureviciiité et al.,*3* Semerdjieva et al.>24¢ and Zhelzajkov et al.#%3 with
distillation, it was determined that distillation times could be shorter in terms of yield, although the
material studied was different, similar to our study.

In our study, it was determined that limonene, linalool and linalyl acetate, which are the main
components of bergamot essential oil, ranged between 42.36-53.25%, 5.59-12.18% and 20.84-
26.73% respectively. In all of the samples, limonene, linalyl acetate and linalool constitute the most
proportionally important part of the bergamot essential oil composition. Similar results have been
reported in studies on bergamot.3103248046 Beta pinene ranged from 4.09-7.50%, and gamma-

terpinene was between 5.96-10.11%. Predominantly hydrocabons monoterpene, as well as aliphatic
ester (hexyl acetate), monoterpene esters (linalyl acetate, neryl acetate, geranyl acetate), monoterpene
alcohol (linalool, alpha-terpineol, nerol, geraniol) and hydrocarbon sesquiterpene (beta-bisabolene)
have been detected.

D-limonene is a flavor and fragrance additive especially used in perfumes, food and beverages. It also
has antioxidant, antidiabetic, anticancer, anti-inflammatory, cardioprotective, gastroprotective,
hepatoprotective, immune modulatory, anti-fibrotic, anti-genotoxic properties®2. Limonene is a
valuable ingredient used as an antibacterial agent in the food industry.36:534%0 | imonene, y-terpinene
and linalyl acetate have the larvicidal toxicity. The cold pressed essential oil of bergamot showed
better larvicidal toxicity than the distilled one due to the high linalyl acetate ratio.>*

the essential oils obtained at all hydrodistillation times had determined high monoterpene (57.70-
67.65%) and less sesquiterpene hydrocarbons (0.13-0.35%).

Geraniol, nerol, geranyl acetate, neryl acetate, aatpha-terpineol constituted 1.67%, 0.61%, 1.70%,
1.44%, and 2.90% of bergamot essential oil, respectively (Table 2). The results showed that
distillation time can affect the percentage of geraniol and nerol, similar to the work done by
Jureviéiate et al.*3* on lemon thyme. These components reached their highest values at 120 min
(p<0.05). Limonene and p-cymene were found to decrease with increasing distillation time, similar

to the study of Ibrahim et al.42
The content of limonene in bergamot oil is low compared to other Ceitrus oils, while linalyl acetate

and linalool are relatively high. The linalool/linalyl acetate ratio is considered as an important quality
criterion for bergamot peel oils. It is reported that this value is 0.3 in the samples of Reggio Calabria
region of Italy, which is the production center of bergamot and its products.>° It is known that the
linalool/linalyl acetate ratio affects the aroma of bergamot essential oil. In a good essence, this ratio
is lower-than-0-3.20 In our study, the ratio of linalool/linalyl acetate varied as 0.26 at the 10t minute,
0.37 at the 60t minute and 0.57 at the 120t minute. According to this study, 10 minutes from the
beginning of the boiling is considered adequatesufficient to obtain a quality bergamot essential oil in
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terms of a yield of 82.88% and a linalool/linalyl acetate ratio of 0.26. It was determined that the
essential oil quality decreased with increasing distillation time.

In our study, the ratio of limonene in the composition of the essential oil obtained in the first 10-
minute period of distillation was at the highest level with 53.25%. However, at the end of the
distillation period of 120 minutes, 20.45% loss occurred in the ratioameunt of limonene. It is stated

that significant losses may occur when distillation is applied for an excessively long time 30.3120

Linalyl acetate reached its highest value with 26.73% in the first 5 minutes, and linalool with 12.18%
at the end of 120 minutes. In our study, linalool tended to increase and linalyl acetate to decrease with
increasing distillation time (p<0.05).

Eleni et. al.5* determined 30 components in cold pressed and distilled essential oil of the bergamot
rind from Greece. The main component for cold press oil was linalyl acetate while for distilled oil the
main compound was limonene. Other important constituents were linalool, limonene and y-terpinene.
Comparison between the bergamot peel sample treated by cold press or hydrodistillation revealed
that the percentage of linalyl acetate falls from 40.5% to only 10.7% in the distilled oil. The thermal
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treatment for the distillation procedure leads to decomposition of linalyl acetate. Similarly, in our

study, ratio of linalyl acetate decreased from 26.73% to 21.43% in the distilled oil.

In this study, it was determined that the relative percentages of some components such as y-terpinene,«.

linalool, and a-terpineol |ncreased S|qn|f|cantlv Wlth |ncreasmq distillation time (p<0,05),,

~Similar to our study, in the study conducted by Ibrahlm
et al.*3 in M. fragrans essential oil, it was determined that the concentration of compounds with
higher boiling points was higher in the later fractions, while the concentration of compounds with
low boiling points was generally higher in the initial fractions.
Parameters such as boiling point and polarity of each component can be effective on these
changes.*>56452 |t has been reported from studies that the composition of bergamot peel essential oil
depends on many factors such as geographical cultivation area, production year, variety, age of the
plant, agronomic techniques (fertilization, |rr|gat|on) harvest date of the frur[s storage condltlons
and period.3:1020 A
el+ﬁerent—level—and—d+reet+9#eﬁeet—The data obtamed shows that dlstlllatlon tlme affects the ratlos of

the components.

Kirbaglar et al.“8¢ evaluated the essential oil compositions of the fruits obtained at three different
harvest times by cold pressing. It has been determined that there are some differences in the
composition of the samples according to the harvest time. The percentage composition of limonene
and linalyl acetate of the sample harvested at the yellow stage was higher than that of green-yellow,
fully green peel color. Linalool content was lowest at full maturity stage. The samples analyzed within
the scope of our study were also analyzed at full maturity stage, and the component ratios are similar
to our study. Researchers also reported that the essential oil compositions of the samples obtained by
cold press and steam distillation showed differences. While the linalool/linalyl acetate ratio was 0.15
in our cold press study, it was found to be 0.94 in our hydrodistillation study, which was well above
the limit value of 0.30 (Table 3). It shows why vacuum distillation is preferred because long-term
heat application deteriorates the essence quality. Similar to the study of Kirbaglar et al.,*% linalyl
acetate was found to be higher (more than 2 times higher) and linalool (up to 1/3) lower than
distillation in the cold press method.

In our study, the main components of the bergamot peel essential oil obtained by both methods (CLV
and CP) were determined as limonene, linalool and linalyl acetate. There were significant changes in
the ratios of linalool and linalyl acetate compared to the extraction method. Similary
Mohammadhosseini et al.28 revealed that there were significant differences for the major constituent
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components common in all profiles of Salvia limbata, among the different extraction methods. Nekoei

and Mohammadhosseini2® determined the main volatile components of fruit peel of C. sinensis which

isolated by solid phase micro-extraction, single drop micro- extraction and cold-press were the same
but in different ratios.

Baser et al.57%, determined the chemical composition of bergamot peel essential oil obtained by cold
pressing. In the study, the main components of bergamot peel essential oil were determined as
limonene (32.28%), linalyl acetate (37.39%) and linalool (16.27%). While the linalyl acetate ratio
was similar to the value determined in our study, it was observed that the limonene ratio was lower
than our findings, and the linalool ratio was higher. This difference is thought to be related to the fruit
harvest time. As a matter of fact, the study conducted by Kirbaslar et al.,86 showed that the harvest
time is effective in this sense. In the study conducted by Sawamura et al.,5* the ratios of limonene,
linalyl acetate and linalool, which are the main components, were reported as 37.24%, 30.06% and
8.82%, respectively, in the samples of the Calabria Region, which is the origin of bergamot
production. Our study findings partially show similarities with these data. In the study conducted by
Costa et al.,3%° the ratio of limonene, linalool and linalyl acetate obtained by cold pressing were
38.89%, 6.55% and 37.00% respectively. These data showed significant similarities with our study.
Two different application results showed that there could be significant differences in bergamot peel
essential oil according to the extraction method.

5 CONCLUSIONS

The increasing awareness of consumers about the relationship between nutrition and health has led
the food, pharmaceutical and cosmetic industry to develop products enriched with bioactive
compounds. In this context, it has been observed that the extraction method_and; hydrodistillation
time may be important in terms of yield and obtaining different composition ratios.-in-ebtaining-a

Hydrodistillation method, which is one of the oldest dlstlllatlon methods, can be completed ina
shorter time considering the time and energy constraints. !
essential-oil- 1t has been observed that essential oil with a linalool/linalyl acetate ratio of 0.26 can be

obtamed in 10 mmutes of hydrodlstlllatlon from the beqmmnq of the b0|I|nq pomt H—eanJee—sald-that

It is seen that a hlgher quallty essence can be obtamed W|th the ratio of
0.15 linalool/linalyl acetate in cold pressing method compared to hydrodistillation method._In the
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future studies, distillation methods applied under vacuum at low temperatures may, also provide the

appropriate linalool/linalyl acetate, ratio. It is needed to separate oil granules from Citrus peel before

cold-press in terms of volatiles yield.

Author Contributions: “Plant authority, M.G.; c€onceptualization, B.B. and M.G.; methodology,
B.B. and M.G.; software, B.B., M.G. and A.M.G.; validation, B.B., M.G. and A.M.G.; formal
analysis, B.B. and M.G.; investigation, B.B. and M.G.; resources, B.B. and M.G.; data curation,
B.B., M.G. and A.M.G.; writing—original draft preparation, B.B. and M.G.; writing—review and
editing, B.B., M.G. and A.M.G.; visualization, B.B., M.G. and A.M.G.; supervision, B.B., M.G. and
A.M.G.; project administration, B.B., M.G. and A.M.G.; funding acquisition, B.B. and M.G. All
authors have read and agreed to the published version of the manuscript.”

Funding: This work was funded by General Directorate of Agricultural Research and Policies
(TAGEM), Republic of Tirkiye Ministry of Agriculture and Forestry, (BATEM Project No:
TAGEM/TBAD/B/21/A7/P6/2370).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are available within the article.

Conflicts of Interest: The authors declare no conflict of interest.

Formattato: Tipo di carattere: Times New Roman, 12 pt

Formattato: Tipo di carattere: Times New Roman, 12 pt

[ )
[Formattato: Tipo di carattere: Times New Roman, 12 pt }
[ )
t J

Formattato: Tipo di carattere: Corsivo




Acknowledgment

We would like to thank the agricultural engineer Ertugrul TURGUTOGLU, Ph.D. for his help in
providing bergamot fruits.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

Aygoren E. Uriin Raporu Turunggiller 2021. Tarimsal Ekonomi ve Politika Gelistirme Enstitiisii
TEPGE. Tepge Yayin No: 333. 2021, ISBN: 978-605-7599-72-8.

Ladavinya, M. Preface. In Citrus fruit, biology, technology and evaluation. Elsevier: USA. ISBN:
978-0-12-374130-1, 2008; xiii.

Golikecl M, Tokgdz H, Turgut Yildiz D. 2020. Harvest times effect on some quality parameters Formattato

of bergamot (Citrus bergamia Risso et Poiteau) peel essential 0il. Bahce. 2020;49(2):67-

73.Gékiketi; M—TFokedzH- diz-D-Detne Rob

a h 2018 4 i 0 -
Malaj; N, Gallucci; G,z Romano; E,; Sindona; G. Chapter 15: HMG-Flavonoids in Bergamot
Fruits: Identification and Assay of Natural Statins by Recently Developed Mass Spectrometric
Methods. In Citrus bergamia bergamot and its derrivatives. Dugo G, Bonaccorsi | (eds). CRC
Press: New York, 2014; Volume 51, pp. 405-426.

Giuffre A:M_: Bergamot (Citrus bergamia, Risso): The Effects of cultivar and harvest date on«— {Formattato: Rientro: Sinistro: 0 cm, Sporgente 0,75
cm, Destro 0 cm

functional properties of juice and cloudy juice. Antioxidants, 2019;—8:;—221—(2019).

doi:10.3390/antiox8070221 " { Formattato

Maiuolo; J= Bosco; F; Guarnieri; L Nucera; S5 Ruga; S,z Oppedisano; F= Tucci; L= Formattato

alal

Muscoli; C Palma; E = Giuffré; A<M, Mollace V. Protective role of an extract waste product
from Citrus bergamia in an InVitro model of neurodegeneration. Plants. 2023;-12:-2126.-https:#
doi;-6rg/10.3390/plants12112126

Gattuso; A Piscopo; A Romeo; R, De Bruno; A= Poiana; M. Recovery of pioactive /{Formauato

compounds from calabrian bergamot citrus waste: selection of best green extraction. Agrlculture‘_/{ Formattato

2023;-13, 1095, https://doi;0¢6/10.3390/ agriculture13051095
Valeria-Lagand V,-Angelo-Maria- Giuffré, AM, Alessandra-De Bruno A,-and-Marce Poiana M. {F"ma“a“

Formulation of biscuits fortified with a flour obtained from bergamot by-products (Citrus Formattato

bergamia, Risso). Foods. 2022;-11-(8)::-1137. https://doi;-org/10.3390/foods11081137 {Codice campo modificato

Benalia S, Calogero V-, Anello M-, Zimbalatti G-, Bernardi B-; -2023-Application of computer

P

{ Formattato: Colore carattere: Automatico

vision systems for assessing bergamot fruit external features. Adv: Hort: Sci, 2023:;-37(1):-111-

Formattato

116.
Gioffré G-, Ursino D-, Labate M:L:C-, Giuffré A:M. The peel essential oil composition of

Food and Agriculture, 2020;-32 (11);-835-845-(2020). doi:-10.9755/ejfa.2020.v32.i11.2197
Giuffré A:M:, Nobile R. Citrus bergamia, Risso: the peel, the juice and the seed oil of the

bergamot fruit (Citrus bergamia, Risso) of Reggio Calabria (Italy): a review. Emirates Journal of /[ Formattato

bergamot fruit of Reggio Calabria (South Italy). Emirates Journal of Food and Agriculture, 2020; Formattato
32(7); 522-532(2020}. doibO+:-10.9755/ejfa.2020.v32.i7.2128

Sicari; V. and M- Poiang M—20617. Essential oil recovery from bergamot_juice by supercritical /{ Formattato
and liquid carbon dioxide. Int: Food Res: J. 2017; 24(5):-2116-2121,

BaharDemircan_B, —Yakup-Sedat-Velioglu_YS,-Angele-Maria Giuffre, AM. Bergamot juice

Formattato

R ) B B R )

powder with high bioactive properties: spray-drying for preservation of antioxidant activity and
ultrasound-assisted extraction for enhanced phenolic compound extraction. Journal of Food
Science,2023;-88:3694—-3713+(2023), doi-BS+: 10.1111/1750-3841.16706

Bahar-Demircan_B, —Yakup-Sedat-Velioglu_YS, Angelo-Maria-Giuffre AM. Comparison of

Formattato

different drying methods for bergamot peel: chemical and physicochemical properties. Journal
of Food Science,2024;89(3):1498-1516-{Hpress), d0i;10.1111/1750-3841.16944.



https://doi.org/10.3390/foods11081137

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Saija; A,; Bisignano; G- Cimino; F. Chapter 21: Pharmacological Activity of Essential Oils and
Juice. In Citrus bergamia bergamot and its derivatives. Dugo G, Bonaccorsi | (eds.). CRC Press:
New York, 2014; Volume 51, pp. 499-518.

Shan Y. Chapter 1 - Functional Components of Citrus Peel. Chapter 3 - Extraction Processes of«
Functional Components From Citrus Peel. In Comprehensive Utilization of Citrus By-Products,
2016; pp. 1-13, ISBN 978-0-12-809785-4 https://doi.org/10.1016/B978-0-12-809785-4.00001-0
Schipilliti; L= Dugo; G, —+Santi; L, +—Dugo; P Mondello; L. Authentication of bergamot
essential oil by gas chromatography-combustion-isotope ratio mass spectrometer (GC-C-IRMS).
J- Essent: Oil Res. 2011;;-23(:2):-60-71. -http:Hex-doi:-6rg/10.1080/10412905.2011.9700447
Dugo; G, Bonaccorsi I. Citrus bergamia bergamot and its derivatives. Dugo G, Bonaccorsi |
(eds). CRC Press: New York, 2014; Volume 51, pp. xvii.

Tranchida PO, Dugo P, Mondello L, Dugo G. Chapter 7: Current day chromatography-based
strategies and possibilities in bergamot essential oil analysis. In Citrus bergamia bergamot and
its derrivatives. Dugo G, Bonaccorsi | (eds). CRC Press: New York, 2014; Volume 51, pp. 81-
114,

Statti; G-A,=; Conforti; F.=; Sacchetti; G, Muzzoli; M= Agrimonti; C,—Franeeseo Menichinia;
F.—2004— Chemical and biological diversity of bergamot (Citrus bergamia) in relation to
environmental factors. Fitoterapia. 2004;-75 (2004):-212-216.

Han X, +Gibson J- Eggett D-L, -+—Parker T-L. Bergamot (Citrus bergamia) essential oil
mhalation improves positive feelings in the waiting room of a mental health treatment center: a
pilot study. Phytother: Res. 2017;-31:-812-816. doi:-10.1002/ptr.5806

Borotova; P, --Galovicova; L,; Tvrda; E,; Ziarovska; J,; Kacaniova; M. Biological activity of
Citrus aurantium var. bergamia essential oil as a food spoilage iznhibitor. Animal Science and
Biotechnologies. 2021;;-54-(1):117-120.-

Malabadi; R:B,=; Kolkar; K:P= Meti; N:T,= Chalannavar; R-K. Role of botanical essential oils
as a therapy for controlling coronavirus (SARS-CoV-2) disease (Covid-19). International
Journal of Research and Scientific Innovation (IJRSI). 2021;; Volume VIII, Issue IV, April 2021
ISSN 2321-2705. doi:-hitps:Hex-dei-orgt10.51244/1JRSI1.2021.8407

flavor addition in brewing process: characterization of the volatile and non-volatile profile to
prevent frauds and adulterations. Separations. 2021;—8(—18). —https://doi:-ergl
10.3390/separations8020018

Zhang; X,= Ismail B:B Cheng; H,= Jin; T-Z,= Qian; M, Arabi; S:A= Liu; D= Guo, M .
Emerging chitosan-essential oil films and coatings for food preservation - A review of advances
and applications. Carbohyd. Polym. 2021;; 273(2021):118616.

https://doi:-erg/10.1016/j.carbpol.2021.118616

Mojtehedi; M.-; Salehi-Pourmehr; H,-; Ostadrahimi; A, Asnaashari; S, Esmaeilpour; K
Farshbaf-Khalili; A. Effect of aromatherapy with essential oil of Lavandula angustifolia Mill-
Citrus bergamia and mindfulness- based intervention on sexual function, anxiety, and depression

in postmenopausal women: A randomized controlled trial with factorial design. Iran J: Nurs:
Midwifery Res. 2022;-27:5-392-405.

{ Formattato:

Rientro: Sinistro: 0 cm, Sporgente 0,75 cm}

{ Formattato:

Tipo di carattere: Non Corsivo }

{ Formattato:

Tipo di carattere: Non Corsivo }

Formattato:

Tipo di carattere: Corsivo

Formattato:

Tipo di carattere: Non Corsivo

Formattato

: Tipo di carattere: Non Corsivo

Formattato:

Tipo di carattere: Corsivo

Formattato:

Tipo di carattere: Non Corsivo

Formattato:

Tipo di carattere: Non Corsivo

Tipo di carattere: Non Corsivo

Formattato:

Rientro: Sinistro: 0 cm, Sporgente 0,75 cm

Formattato:

Nessuna sottolineatura

Formattato:

Nessuna sottolineatura

Nair; A= Mallya; R.-; Suvarna; V,=; Khan; T-A; Momin; M_; Omri; A. Nanoparticles attractive

carriers of antimicrobial essential oils. Antibiotics, -2022;-11(1)-108. https://doi:-erg/10.3390/ |

antibiotics11010108.

Mohammadhosseini M, Akbarzadeh A, Flamini G, Profiling of compositions of essential oils+
and volatiles of Salvia limbata using traditional and advanced techniques and evaluation for
biological activities of their extracts. Chem, Biodiversity. 2017;14:1600361. doi:

10.1002/cbdv.201600361.
Nekoei M, Mohammadhosseini M. Application of HS-SPME, SDME and cold-press coupled to

GC/MS to analysis the essential oils of Citrus sinensis,CV. Thomson Navel and QSRR study for

prediction of retention indices by stepwise and genetic algorithm-multiple linear regression
approaches. TACL. 2014:4(2):93-103,

Formattato:

Nessuna sottolineatura

Formattato:

Nessuna sottolineatura

Formattato:

Nessuna sottolineatura

Formattato:

[
[
[
[
[
[
{ Formattato:
[
[
[
[
[
[
[

Nessuna sottolineatura

Formattato:
sottolineatura

Tipo di carattere: Corsivo, Nessuna

{ Formattato:

Nessuna sottolineatura

Formattato:
sottolineatura

Tipo di carattere: Corsivo, Nessuna

{ Formattato:

Nessuna sottolineatura

{ Formattato:

o e e A U A A G L L A A 0 A )

Nessuna sottolineatura



https://www.sciencedirect.com/science/book/9780128097854
https://doi.org/10.1016/B978-0-12-809785-4.00001-0
http://dx.doi.org/10.1080/10412905.2011.9700447
https://dx.doi.org/10.51244/IJRSI.2021.8407
https://doi.org/10.1016/j.carbpol.2021.118616

28-30. Azmir; J = Zaidul; I1:S:M = Rahman; M:M,=; Sharif; K:-K =z Mohamed; A= Sahena; F = Jahurul;
M:H:A,= Ghafoor; K Norulaini N-A:N, Omar; A-K-M. Techniques for extraction of bioactive
compounds from plant materials: A review. J:- Food Eng. 2013;;5117(2013):-426-436.

29.31. Di Giacomo_;—A,; Raymo; V. Chapter 6: Transformation Industry. In Citrus bergamia
bergamot and its derrivatives Citrus bergamia bergamot and its derrivatives. Dugo G,
Bonaccorsi | (eds). .CRC Press: New York. 201408; Volume 51, pp. 59-80.

30:32. Costa R, Dugo P, Navarra M, Raymo V= Dugo G, Mondello L. Study on the chemical
composition variability of some processed bergamot (Citrus bergamia) essential oils. Flavour
Fragr- J. 2010;-25:-4-12. doi:-10.1002/ffj.1949

31.33. Mahawer; S:K;= Arya; S, Kumar; R.;; Prakash; O. Chapterl, Extraction method and
Biological applicaion of essential oils. In Essential oils - advances in extractions and biological
applications. Oliveria MS., Andrade EHA (eds). 2022; pp. 1-107. doi:10.5772/intechopen.98130

32.34. Abderrezak; K.; Noureddine -B. Comparative study of two extraction methods of essential
oils from orange peel: microwave-assisted hydrodistillation and conventional hydrodistillation.
Revue Agrobiologia. 2018;-8(2)::-1058-1065.

33.35. Le; X:T,= Ha; P-T-H; Phong_-H:-X Hien; T-T,= Ngan; T-T-K. Extraction of essential oils
and volatile compounds of Kaffir lime (Citrus hystrix D.C) by hydrodistillation method. Mater-
Sci- Eng. 2020;; 991;; 012024. doi:10.1088/1757-899X/991/1/012024

&

34-36. Ngan; T-T-K,5 Nguyen; OB Muoi; N:V:, Truc; T-T.= My V-T-N. Chemical composition
and antibacterial activity of orange (Citrus sinensis) essential oils obtained by hydrodistillation
and solvent free microwave extraction. Materials Science and Engineering. 2020;-.991-(2020):;
012023. doi:10.1088/1757-899X/991/1/012023

35.37. Ngo; T-C-Q-, Tran T-K:N,= Dao; T-P,= Tran; TH,= Ngo; H-D = Huynh: X-P,= Tran; T-T = Mai
H:C. Yield and composition analysis of vietnamese lemon (Citrus aurantifolia ) essential oils
obtained from hydrodistillation and microwave-assisted hydrodistillation Mater- Sci- Eng. 2020;;
991:-012123. doi:10.1088/1757-899X/991/1/012123

36-38. Perovic; A Stankovic; M-Z,=; Veljkovic; V:B; Kostic M-D,-; Stamenkovic O:S. A further
study of the kinetics and optimization of the essential oil hydrodistillation from lavender flowers.
Chinese J- Chem: Eng. 2021;;29-(2021)::-126-130.

374:39. Cannon; J:B,; Cantrell_;-C:L; Astatkie; T, -—Zheljazkov; V:D. Modification of yield and
composition of essential oils by distillation time. Ind- Crop- Prod. 2013;;-41::-214-220.

38.40. Zheljazkov; V:D, Cantrell; C:L,; Astatkie; T.; Jeliazkova; E. Distillaton time effects on
lavender essential oil yield and composition. J- Oleo Sci. 2013;;-62:-195-—199.

39:41. Toker_—R. Golukcl; M Tokgdz; H. Effects of distillation times on essential oil
compositions of Origanum minutiflorum O. Schwarz Et. And P.H. Davis. J- Essent- Oil Res.
2017:-29(4);-:330-335.

40.42. Durazzini_+~A:M:S, =—Machado; C:H:M, +—Fernandes; C.C, Miranda M:L-D. Chemical
composition and effect of hydrodistillation times on the yield of essential oil from eugenia
pyriformis leaves. The Electronic Journal of Chemistry.—2019;—11(5): 1-5. doi-—Bot:
http://dx.doi.org/10.17807/orbital.v11i5.1221

4143, Jurevidiuté; R, Loziené; K= Bruno; M, Maggio; A= Rosselli; S. Composition of essential
oil of lemon thyme (Thymus x citriodorus) at different hydrodistillation times.; Nat- Prod- Res.
2019:5-33(:1):+-80-88. doi;-BO+: 10.1080/14786419.2018.1434642.

42-Anastasopoulou; E,; Graikou; K, Ganos; C.= Calapai; G, Chinou; I. Pimpinella anisum seeds-
essential oil from Lesvos island: Effect of hydrodistillation time, comparison of its aromatic
profile with other samples of the Greek market. Safe use. Food and Chemical Toxicology. 2020;;

135-(2020):5-110875. https:Hdoi:-ergt10.1016/j.fct.2019.110875.

44.

43-Ibrahim; M-A_= Cantrell; C-L,= Jeliazkova; E-A = Astatkie; T, Zheljazkov ;-V:D. Utilization of
nutmeg (Myristica fragrans Houtt.) seed hydrodistillation time to produce essential oil fractions
with varied compositions and pharmacological effects. Molecules.—2020;—25:—565.
doi:10.3390/molecules25030565.

{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo ]
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Corsivo ]
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }
{ Formattato: Tipo di carattere: Non Corsivo }

{ Formattato:

Rientro: Sinistro:

0 cm, Sporgente 0,63 cm}

{ Formattato:

Tipo di carattere:

{ Formattato:

Tipo di carattere:

{ Formattato:

Tipo di carattere:

Non Corsivo }
Corsivo }
Non Corsivo }



http://dx.doi.org/10.17807/orbital.v11i5.1221
https://doi.org/10.1016/j.fct.2019.110875

44.45. g andardiza i 065 3 i B
l’\'fl HI i o 1301 /L. As fl o Ant. \ 2101 1 T
itkiler - ueucu yag muhtevasinin tay dredistiasyen—yont iek_Standartiess

46. Republlc of Turklye Mlnlstry of Agriculture and Forestry Vaitey Registiration and Seed-
Certification Center" (https://www.tarimorman.gov.tr/BUGEM/TTSM/Menu/30/Kayit-
Listeleri).

4547 TSE Turkish Standardlzatlon Instltute TSE EN ISO 6571 Baharatlar e niler ve tibbi

h hidrodistil iirk dartl.

Enstitisi; Ankara, Turklve.

46.48. Kirbaslar; F-G, S:I- Kirbaslar,-ang U- Dramur.; 200%-The compositions of Turkish bergamot
oils produced by cold-pressing and steam dlstlllatlon J: Essent: Qil Res. 2001;:,13(6):411-415.
47.49. Ozek; G Demirci; F-; Ozek; T, Tabanca; N Wedge; D-E,= Khan; S:l, Baser- K- H Cl,
Duran; A, Hamzaoglu; E. Gas chromatographic—-mass spectrometric analysis of volatiles
obtained by four different techniques from Salvia rosifolia Sm., and evaluation for biological

activity. J: Chromatogr A. 2010;;-A1217(5);:-741-748.

48.50. Babushok; V-l Linstrom; P-J Zenkevich; I-G. Retention indices for frequently reported
compounds of plant essential oils. J- Phys. Chem: Ref: Data. 2011;-40(4):;1-47.

51. Semerdjieva;- I-B,= Burducea; M, Astatkie; T, Zheljazkov; V:D,= Dincheva; I. Essential oil
composition of Rutagraveolens L. fruits and Hyssopus officinalis subsp. aristatus (Godr.) Nyman
biomass as a function of hydrodistillation time. Molecules. 2019;—24:—4047;
doi:10.3390/molecules24224047

49.52. Anandakumar P, Kamaraj S, Vanitha MK. D-limonene: A multifunctional compound with«
potent therapeutic effects. 2021. J Food Biochem. 2021:45:e13566. doi:10.1111/jfbc.13566

53. Maurya_ A= Prasad; J,-; Das; S+ Dwivedy; A:-K. Essential oils and their application in food

safety. Front: Sustain: Food Syst. 2021;;-5:653420. doi:-10.3389/fsufs.2021.653420
50-Eleni M, Antonios M, George K., Alexios-Leanros S., Prokopios M. High Quality Bergamot
QOil from Greece: Chemical Analysis Using Chiral Gas Chromatography and Larvicidal

{ Formattato:

Rientro: Sinistro:

0 cm, Sporgente 0,75 cm}

{ Formattato:

Tipo di carattere:

{ Formattato:

Tipo di carattere:

{ Formattato:

Tipo di carattere:

{ Formattato:

Tipo di carattere:

Non Corsivo }
Corsivo }
Non Corsivo }
Non Corsivo }

{ Formattato:

Rientro: Sinistro:

0 cm, Sporgente 0,63 cm]

{ Formattato:

Tipo di carattere:

Corsivo }

Activity against the West Nile Virus Vector. Molecules. 2009;14:839-849.

doi:10.3390/molecules14020839

54.

51.55. Sawamura; M,= Onishi; Y,z lkemoto +J,= Tu N-T-M,= Phi N-T-L. Characteristic odour
components of bergamot (Citrus bergamia Risso) essential oil. Flavour Fragr- J. 2006;;,21:;-609-
—615.doi-BOt: 10.1002/ffj.1604

52.56. Handa; S-S, Khanuja; S.P-S;= Longo; G, Rakesh; D.D. Extraction technologies for
medicinal and aromatic plants. United Nations Industrial Development Organization and the
International Centre for Science and High Technology. 2008, 260 pp. Trieste; Italy.

53.57. Baser; K:H-C, ——T —Ozek,and M- Tutas.; 2995-Composition of cold pressed bergamot oil
from Turkey. J: Essent: Oil Res. 1995:,-7(3):341-342.

{ Formattato:

Tipo di carattere:

Corsivo ]

{ Formattato:

Tipo di carattere:

Non Corsivo }

{ Formattato:

Tipo di carattere:

Non Corsivo }

{ Formattato:

Sottolineato



https://www.tarimorman.gov.tr/BUGEM/TTSM/Menu/30/Kayit-Listeleri
https://www.tarimorman.gov.tr/BUGEM/TTSM/Menu/30/Kayit-Listeleri

