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Abstract

The goal of this research was to evaluate the ultrasound pretreatment affect the extraction of essential oil by hydrodistillation
technique. In this study, betel leaves (Piper betle L.) were subjected to ultrasonic pretreatment (frequency: 28 kHz & 40 kHz;
power: 150 W; duration 15, 30 and 45 min) prior to the essential oil extraction process. The resulting essential oil was then
analyzed for its yield and properties, encompassing chemical composition, functional and morphological characteristics. The
findings demonstrate that ultrasonic pretreatment substantially improved the extraction yield (0.18-0.22%) of the essential
oil by 22.22%, as compared to conventional extraction methods. Since the application of ultrasonic waves facilitated the
breakdown of cell walls, thereby promoting the release of essential oil constituents from the betel leaf matrix. Furthermore,
the analysis of the essential oil revealed that ultrasonic pretreatment had a notable influence on its chemical composition.
The treated samples exhibited percentage composition change of specific bioactive compounds such as Lemairamin (39.24—
42.08%), Copaene (7.38-8.45%), hydrindane (23.95-21.91%). Moreover, the antioxidant activity of essential oil increased
from 81.01 to 87.02% after the ultrasonic treatment. Furthermore, the effectiveness of ultrasonic pretreatment on the betel
leaves for the extraction of essential oil was checked by scanning electron microscopy (SEM) analysis. Apart from this, power
use (1.48-0.82 kWh) and environmental impact of CO, emissions (1.17-0.68 kg) were also decreased during the extraction
process for the treated betel leaves. Therefore, ultrasound pretreatment is an effective and environmentally friendly method
of extracting betel leaves essential oils, which may increase the quantity and quality of betel leaves oils.
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1 Introduction

Betel leaves (Piper betel L.,) are a perpetual, indigenous
medicinal plant of Malaysian provenance that is a member
of the Piperaceae family. In both the Southern and Northern
hemispheres of the globe, approximately 700 varieties of
Piper betel have been identified. Most of these species are
extensively cultivated in nations like Malaysia, India, Philip-
pines, Sri Lanka, Indonesia, East Africa, and other Southeast
Asia [14, 23]. This herb, also called as Paan, is extensively
grown and chewed across India [11]. The edible, stretchy
leaves have a strong and delicious flavor. Some people expe-
rience oral discomfort as a result of this pungency. Hence,
a unique smoke treatment known as curing is frequently
used to eliminate pungency. In addition to energizing and
refreshing benefits, the cured leaves create improved flavor,
color (green to yellow), and other desirable organoleptic
features. As a result, the vine is extensively cultivated on
a massive scale across many Asian nations, producing tril-
lions of leaves annually that are imbibed in their raw. The
fresh raw form, along with various other ingredients like
slaked lime, catechu, areca nut slices, scrapings of coconut,
coriander seeds, aniseed, cloves, and cardamom [13, 27]. It
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has beneficial nutritional and bioactive components, as well
as anti-inflammatory, antibacterial, antioxidant, antifungal,
antidiabetic, anti-amoebic, and allied effects [15, 30]. As a
result, the majority of bioactive molecules originating from
plants have a diverse range of potential uses, including those
in the food, flavor, fragrance, and medicinal sectors, among
others [31]. Betel leaves are renowned for having a wide
range of therapeutic benefits, including the treatment of
abrasions, wounds, injuries, coughs, eye infections, asthma,
gum swelling, and rheumatism. Because of the betel leaf's
miraculous nature and essential characteristics, the betel
vine is renowned as a superior cash and industrial crop. As
a consequence, many investigations have been conducted to
examine the bioactive substances found in essential oil [14,
17, 23, 30].

Conventional methods for extracting essential oils (EO)
from plant sources mostly include steam distillation, hydro-
distillation (HD), organic solvent extraction, and cold press
extraction. Conventional approaches have a few intrinsic
drawbacks, such as the expression techniques of poorer
extraction yield and the hazardous solvent residue in essen-
tial oils produced by organic solvent extraction. Because of
its cheap cost and simplicity of usage, HD is now the most
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successful commercial method for obtaining essential oils
from medicinal herbs and plants [13]. However, it has cer-
tain drawbacks associated with the longer extraction period,
including the depletion of the volatile and thermally reactive
compounds of essential oils during the extraction process.
This significantly impacts the amount and quality of essen-
tial oils [6, 29]. In recent times, several innovative methods
for extracting essential oils from plants have been devel-
oped, including "supercritical fluid extraction, microwave-
assisted extraction (MAE), and ultrasound-assisted extrac-
tion (UAE)" [5, 6, 34]. Because of its thermal cavitation, and
mechanical effects, the UAE provides impressive benefits
such as time-and energy savings, a larger extraction yield,
and superior essential oil quality [6]. In order to extract
essential oils from various plant materials, "ultrasound-
assisted hydrodistillation extraction (UAHDE)", a supple-
mentary extraction technique that combines the benefits of
UAE and HD, has become quite popular. However, to extract
essential oil from the betel leaves, there are two different
UAHDE methods such as simultaneous ultrasound-assisted
hydrodistillation extraction and ultrasonic pretreatment fol-
lowed by hydrodistillation. A study conducted by, Kumoro
etal. [19] and Chen et al. [6] employed ultrasonic pretreat-
ment with an ultrasound probe followed by the traditional
HD method to extract essential oils from Cinnamomum cas-
sia (cinnamon) bark and citronella grass leaves. They found
that after the ultrasound treatment, the yield of cinnamomum
cassia (cinnamon) bark essential oil enhanced by 56.94%,
shorter extraction time and less energy, while in case of cit-
ronella grass leaves essential oil, yield enhanced by 27%,
60 min extraction time and less energy consumption (0.79
kWh). Similarly, Chen et al. [7] also isolated essential oil
from perilla leaves using ultrasonic pretreatment prior to
HD. The yield is increased 0.69% after the ultrasound treat-
ment. Furthermore, Solanki et al. [29] and Liu et al. [21]
simultaneously used HD and sonication in a Clevenger HD
device fitted with an ultrasonic probe to isolate essential
oils from java citronella grass and Iberis amara seeds. They
found the maximum yield of citronella grass was found in
the treated yield (4.11%) and energy consumption reduced
by 40%, while maximum oil recovery in the Iberis amara
seeds sample was found 0.42% and optimum extraction
time 4 h. Both of the aforementioned UAHDE methods for
extracting essential oils from natural plants were clearly dis-
tinguishable from the conventional HD method by a faster
extraction rate, better product quality and less energy con-
sumption. These methods could therefore be regarded as
environmentally friendly methods.

Until now, no investigations have been published on
essential oil extraction from ultrasound-pretreated betel
leaves. Therefore, the purpose of this study is to assess how
the ultrasonic pretreatment used before hydrodistillation and
how ultrasonic treatment affected the extraction of essential

oils from betel leaves. However, the suggested extraction
technique contrasted with conventional HD regarding extrac-
tion yield, extraction time and environmental effect. Sec-
ondly, this study aimed to identify the primary compounds
in both fresh and treated betel leaf EO, which were investi-
gated by the creation of spectrum libraries by GC-MS and
examine the essential oil's antioxidant activity by DPPH
analysis. Moreover, scanning electron microscopy (SEM)
was used to analyzed the extract's morphological mechanism
of treated sample.

2 Materials and Methods
2.1 Collection and Selection of Plant Material

Meetha varieties of raw materials were harvested (10, March
2023) and collected from a farmer's field located at Kaktiya
village near mecheda town, East Midnapore, West Bengal,
India (22° 42” N, 87° 87" E). Meetha varieties leaves were
identified by Prof. Proshanta Guha at the "Agronomy Lab
of the Agricultural and Food Engineering Department, IIT
Kharagpur". The leaves aged more than 60 days (i.e., com-
mercial maturity stage) Meetha varieties were taken in the
experiment, and same-day extraction was done. Petioles
were removed from the harvested leaves and then cleaned
in tap water. The agro-climatic conditions of the region were
sub-humid.

2.2 Ultrasound Pretreatment

Prior to being placed in the ultrasonic bath, the cleaned
betel leaves were sliced into little pieces, about 1 cm? and
subjected to ultrasonic bath. An ultrasound bath (LAB-
MAN SCIENTIFIC INSTRUMENT, INDIA, LMUC-3,
240 x 140 x 100 mm) was employed to perform an ultra-
sound pretreatment on the betel leaves' samples with dif-
ferent leaf-to-water ratios such as 1:1, 1:2 and 1:3 at two
different frequencies 28 kHz and 40 kHz and power 150
W, three levels of sonication time (15, 30 and 45 min) with
replication. The material is transported to a Clevenger device
after being sonicated to extract essential oils using the hydro
distillation process.

2.3 Extraction of Essential Oil Using
Hydrodistillation

100 g of each fresh and treated sample was subjected to
Clevenger-type apparatus for hydrodistillation. Small
size approx. 1 cm? of leaves was prepared by the protocol
described by Guha [12]. Each native and treated sample was
placed into a 2 L round bottom flask with the ratio of the
appropriate solvents. Distilled water was used as a solvent
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in the experiment. The mixture of tiny leaves and water in a
round bottom flask was heated using a digital heater (tem-
perature rang 0-450 °C) for oil extraction. However, digital
heater was taken in this experiment to control the extrac-
tion temperature at all stages. The essential oil was obtained
through the vertical condenser and separated from the upper
layer of the vertical receiver tube. While, some trace amount
of water existing in essential oil was dried by anhydrous
Na,SO,, labeled, and stored essential oil in the refrigerator
at 4 °C for further analysis. The following equation was used
to compute the essential oil yield (1).

Essential oil Yield (%)
The volume of extracted oil (ml)

y D

~ Amount of the leaves taken in the experiment(g
x 100

2.4 Physical Properties of Essential Oil

The ISO 3518:2002(E) technique was used to test the
specific refractive index and gravity of the essential oils
extracted from betel leaves (fresh and treated). At 20 °C,
the specific gravity and refractive index were determined.
Moreover, the appearance of essential oil obtained from both
samples using hydrodistillation technique is also analyzed.
In the experiment, all of the data were collected in triplicate
and provided as mean and standard deviation form.

2.5 Scanning Electron Microscope (SEM) Analysis

Using a "ZEISS EVO 60 (POLARON -SC7620)" scan-
ning electron microscope, the morphological changes in
fresh and treated leaves after HD extraction were examined.
After being air-dried, the analyzed extracted samples were
collected for SEM examination. The samples were cathode
sprayed with gold before the evaluation to improve the qual-
ity of the modifications, and they were then mounted on
a specimen holder to examine the morphology. Therefore,
20 kV, 1000x (A & B) and 2000x (C) were utilised as the
applied voltage and magnification for the SEM investigation
of the sample. The experiment was conducted to assess how
the ultrasound pretreatment and extraction method affected
the leaf matrix and to analyze the high-resolution morphol-
ogy of the leaf surface.

2.6 Gas Chromatography-Mass Spectrometry (GC-
MS) Analysis

Under different working parameters, the chemical profile

of volatile oil extracted from fresh and treated leaves was
investigated by GC-MS. Firstly, a gas chromatograph (GC)
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component to distinct the phytochemical from volatile oil
before identifying those bioactive compounds at a molecu-
lar level with a mass spectrometer (MS) component. Essen-
tial oil from fresh and treated leaves underwent "GC-MS
(Thermo Scientific GC (TRACETM 1300) and MS (DSQ
II)" analysis that included a flame ionization detector for
the purpose of characterizing volatile chemicals. To identify
the chemical components contained in essential oil, 20 pl of
essential oil obtained from the fresh and treated leaves were
diluted in 480 pL of methanol. A GC-MS instrument was
then used to receive 1 pL of this solution. The GC system
included a capillary column called the Rxi-5-Sil MS (30 m,
0.25 mm, 0.25 m). The injector was kept at a constant tem-
perature of 250 °C. The temperature of the GC chamber was
retained constant at 50 °C for 2 min, subsequently elevated
to 200 °C at a rate of 5 °C per minute for another 2 min, then
to 250 °C at a rate of 10 °C per minute for another 2 min, and
finally raised to 280 °C at a rate of 15 °C per minute and held
there for 5 min. The research-grade helium (Purity >99.9%)
was transported using a steady flow of 1.70 mL/min, a split
mode with a split ratio of 25, and a purge flow of 3.0 mL/
min. Total time for the GC was 50 min. The MS was oper-
ated in scan mode from m/z 40 to 500 while the interface
and ion source temperatures were both set to 250 °C. The
GC-MS identification was performed using a 70-eV ioniza-
tion energy with an electron ionization mode. Programming
the sector mass analysis tool to scan between 40 and 500
amu for two seconds [23]. Using the NIST mass spectrum
database, each unique quantifiable bioactive compound of
each essential oil was determined by retention period, rela-
tive peak percent area and mass disintegration arrangement

[8].

2.7 Antioxidant Activity

The "free radical 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH)" test was used to assess the antioxidant activity of
extracted essential oil from the fresh and treated leaves, with
a few changes to the technique used by Madhumita et al.
[22]. Briefly, in 95% methanol, 2 ml of betel leaf essential oil
and 2 ml of DPPH (1 x 10~* M) were mixed to produce solu-
tions with various concentrations of 2, 4, 6, 8, and 10 pl/ml.
After 3—5 min of vigorous shaking, the samples were incu-
bated for approximately 30 min at room temperature. After
that, a UV-visible spectrophotometer (Epoch 2, BioTek,
U.S.A.) was used to assess the absorbance of both essential
oil at 695 nm in reference to a blank. The positive control
used was ascorbic acid. The following equation was used to
compute the inhibition percentage (I %):
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A, —A
DPPH Scavenging activity (% 1) = LA L x 100 )

c
where A_ and A, represent the absorbance of the test (EO
sample at different concentrations) and control (EO sample
absent) samples, respectively.

The scavenging activity versus essential oil sample
concentrations on a graph, the essential oil concentration
that provides 50% inhibition (ICs,) was determined. The
results of each test were run in triplicate and are shown as
mean + SD.

2.8 Environmental Impact

The power consumption (P) and CO, emissions of varied
extraction techniques were estimated concerning the envi-
ronmental effect. The following equation determined how
much electricity was used to produce each gram of acquired
essential oil (EO).
Pxt

B =—— 3)
where m is the mass, P is the Kw, t is the time (h) of the
derived essential oil, and EC is the electric consumption per
gram of EO (kW/h/g/1) (g).

When fossil fuels are used to produce 1 kWh of energy,
800 g of CO, is released into the atmosphere [10]. The fol-
lowing equation was employed in this calculation to estimate
the CO, emission per gram of essential oil:

E, x 800

Eco, = —< 2
%2 = 1000 x m

“)
where Eco, is the CO, emission per gram of essential
oil (kg/g).

2.9 Statistical Analysis

Data analysis was performed using IBM SPSS STATISTICS
22, USA. Means and standard deviations were used to dis-
play the data. The tests were all carried out in triplicate.

3 Results and discussion

3.1 Effects of Ultrasound Duration, Frequency,
and Duration of Extraction on Essential Oil Yield

Investigating the extraction conditions of betel leaves essen-
tial oils was done since several operational parameters may
possibly alter the extraction process. Using the hydrodistil-
lation method, the essential oil obtained from fresh betel
leaves is 0.18% with 2.5 h of extraction time. The impact of

ultrasound duration on essential oil output is seen in Fig. 1.
The essential oil was extracted from the treated betel leaves
for two hours after they had been exposed to various ultra-
sonic treatments ranging from 15, 30 and 45 min at 28 kHz
and 40 kHz of a power level of 150 W. It is evident that
the yield of betel leaves oil improves when the ultrasound
duration is increased from 15 to 30 min and progressively
reduces as the ultrasound duration is increased further. An
increment in the ultrasonic period might result in a higher
degree of cell disruption in the piece of betel leaves, which
would facilitate the release of essential oils into the solution
and enhance the yield of the essential oil of betel leaf. Since,
higher oil macromolecular species were converted into small
macromolecular species when the higher ultrasound period
was applied [20].

Moreover, when the ultrasound duration increased, the
localized temperatures might escalate as well, resulting
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Fig. 1 Effect of ultrasonic time on extraction yield at A (28 kHz) and
B (40 kHz)
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in the reduction of potentially volatile and damaged com-
pounds [2, 6]. Additionally, betel leaves essential oil yield
was slightly reduced after more than 30 min of ultrasonic
treatment. Hence, a 30-min ultrasound duration was used for
the following optimization. However, no significant change
was observed in the both frequencies at 30 and 45 min of
treatment. While the ultrasonic power and duration were
raised by more than 150 W and 45 min, respectively, a
decrease in yield was seen. The impact of ultrasonic fre-
quency on essential oil output is seen in Fig. 2. The leaves
samples that had been exposed to ultrasound treatment
were extracted of their essential oils for two hours after
being exposed to varied ultrasound frequencies of 28 kHz
and 40 kHz for 30 min. As can be observed from Fig. 2,
at the ultrasonic frequency of 28 kHz, the extraction yield
(0.22%) rises continuously, while as the ultrasonic frequency
increases up to 40 kHz, the extraction yield (0.20%) falls as
the ultrasonic power is raised further. Therefore, the destruc-
tion of plant cells occurred by the concentrated pressures
and shear stresses produced when the cavitation bubbles
collapsed encircling the betel leaf surfaces. Because rate
of ultrasonic treatment rises, facilitating more cytoplasmic
components to be released into the mixture and increasing
the yield of essential oils. [28]. The desired components

= 0.2
2
&
S 015
< —— 28 kHz
s 01
S —8— 40 kHz
S 0.05
0 X
0 50 100 150 200

Time (min)

Fig.2 Effect of ultrasound frequency on extraction yield

might degrade at excessively high ultrasonic frequency due
to the overheated ambient temperatures and much more free
radicals produced when more cavitation bubbles collapsed,;
as a result, a minimal reduction was found in the yield of
essential oils [24]. Similar behaviour was seen when the
essential oil from cinnamomum cassia bark was extracted
using ultrasound [6]. So, it was concluded that 150 W would
be the proper ultrasound power for the ensuing experiment.

Therefore, ultrasound-assisted extraction (UAE) offers
remarkable advantages including time and energy savings,
a higher extraction yield, and greater essential oil quality.
These advantages are mostly attributable to the thermal
cavitation and mechanical effects of UAE. Because ther-
mal cavitation, which includes the production and implosive
collapse of tiny gas bubbles in a liquid media, is used in
ultrasound-assisted extraction. When compared to conven-
tional extraction techniques, this quick and effective heating
dramatically shortens the extraction time. Despite this, the
mechanical effects of UAE, in particular the acoustic stream-
ing and microturbulence produced by cavitation, improve
the mass transfer and mixing efficiency within the extrac-
tion medium. More target chemicals are extracted from the
plant material as a consequence of the increased agitation
and enhanced mass transfer as compared to traditional tech-
niques, increasing the extraction yield. Due to the combina-
tion of mechanical and thermal cavitation effects, UAE also
provides improved essential oil quality.

3.2 Physical Properties of Essential Oil

The standard protocol recommended by "ISO 3126: 1977
(E) and ISO 3524: 2003 (E)" was employed to evaluate
the physical properties of betel leaves essential oil (optical
rotation specific gravity and refractive index). The analysis's
findings were contrasted against information from quality
standards to assess the quality of the betel leaf essential oils
extracted by HD from both samples. Table 1 demonstrates
no appreciable differences in the physical properties of
essential oils extracted using the HD techniques from the
fresh and treated betel leaves sample. Therefore, it is evident
that the obtained betel leaf essential oils' physical character-
istics adhere to quality criteria.

Table 1 Extracted essential oil

Physical properties HD Ultrasonic treatment Quality standards
from fresh and treated samples (Fresh)
using the hydrodistillation ) 28 kHz 40 kHz
method
Specific gravity 1.055+0.01 1.057+0.01 1.056+0.02 1.052-1.070*
Refractive index 1.602+0.02 1.603+0.05 1.601+0.01 1.6000-1.6140*
Optical rotation -0402+0.2 -0.401+0.40 —-0.403+0.25 —25t0+2°
Appearance Yellow Colorless to pale yellow Colorless to pale yellow —

IS0 3126: 1977 (E)
PISO 3524: 2003 (E)
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3.3 Morphology Study by SEM Analysis

The morphological alteration in the surface structure of the
betel leaf samples before and after the ultrasonic pretreat-
ment was analyzed after HD extraction through SEM analy-
sis. Figure 4 showed the ultrasonic pretreatment mechanism
to help better understand how it works and how it affects
the extraction process of betel leaf essential oil. As shown
in Fig. 3A (untreated sample), there has been no discern-
ible disturbance to the sample's surface structure, which is
smooth and undamaged. As can be observed from Fig. 3B

Fig.3 SEM image of betel leaves sample before treatment (A control)
and after ultrasound treatment (B 28 kHz, C40 kHz)

(treated at 28 kHz) and 3C (treated at 40 kHz), the betel
leaves samples have cellular breakage after the ultrasonic
processing, and their surface exhibits many cracks and pores.
Additionally, the scattered nature of the sample leaves is
enhanced after ultrasonic treatment. Therefore, the SEM
findings clarified the extraction mechanism for ultrasound
pretreatment on hydrodistillation process [4, 6, 16], as
shown in Fig. 4. Although, cavitation bubbles are gener-
ated at the surfaces of the betel leaves during the ultrasonic
irradiation and increase over time. As the bubbles attain
the critical value, they will dramatically implode, creating
micro-jets that are flowing at speeds of more than 400 km/h
and exerting a localized high pressure of 200 MPa on the
surfaces of the tissue of betel leaves [6, 18, 32, 33]. On the
one hand, sonication dispersed and flattened the surface area
of leaves, and then betel leaves rupture surface area, facilitat-
ing the interaction of the tissues with water. Therefore, dur-
ing the ultrasonication, the cellular membranes of the betel
leaves' tissues were damaged, and physical contact was made
between the intracellular active ingredients and the external
water, allowing water to enter the interior cells and disperse
the active compounds. The betel leaves tissues were more
severely destroyed by pretreatment by ultrasound irradiation
than by conventional HD, which improved mass transfer and
caused a more lavish and faster release of active ingredients.
So, ultrasonic pretreatment led to a shorter extraction time,
better essential oil quality and a higher essential oil yield.

3.4 Bioactive Compounds by GC-MS Analysis

Strongly scented betel leaves essential oil produced a lot
of yellow and white liquid volatile EO when isolated from
fresh and ultrasonic treated leaves. The GC-MS was used
to determine the volatile chemical composition and relative
percentage values of fresh and treated betel leaf essential oil
produced by the HD technique under optimal circumstances.
The GC-MS data of fresh and treated samples have been
represented in Table 2. Figure SA—C showed 39-45 bio-
active compounds with different percentage compositions,
corresponding to 97.78-98.88% of the fresh and treated betel
leaf essential oil that had been optimized and may have con-
tributed to the plant's diverse aromatic and therapeutic quali-
ties. Whereas, 68 bioactive compounds were exhibited as
the major bioactive compounds in the fresh and treated (28
and 40 kHz) leaves.

Moreover, Table 2 displays the major bioactive com-
pound with various compositions. The detected chemi-
cal components, their retention times (Rt), and their pro-
portions in the whole oil are shown in Table 2. As can
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Fig.4 An illustration of a
potential ultrasound pretreat-
ment with a hydrodistillation
process mechanism [6]
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be observed, the detected bioactive compound molecules
have remarkably similar chemical compositions but dif-
ferent percentages. The major bioactive compounds found
in the essential oil of the fresh and ultrasonic-treated betel
leaves essential oil leaves are hydrindane (21.91-23.95%),
lemairamin (39.24-42.08%), copaene (7.38-8.45%), euge-
nol acetate (3.78-3.82%) and indane (9.41-11.38%). As
can be observed, after the ultrasonic pretreatment on the
leaves, some major bioactive compounds of treated betel
leaves have significantly increased with increasing the treat-
ment frequency. Therefore, the differences in essential oil
chemical profiles are caused by several variables, includ-
ing extraction methods, plant type, growth stage, harvesting
period, meteorological circumstances, a nation of origin, and
ecological and topographical regions [1]. As oxygenated and
bicyclic compound monoterpenes, linalool and Indane give
out a strong and distinctive scent that is utilized in perfumes,
shampoos, cosmetics, pharmaceuticals, detergents, and other
products. Moreover, these substances have antibacterial,
antifungal, and insecticidal effects, making them useful as a
natural disinfectants [1, 14].

3.5 Antioxidant Activity of Essential Oil

The DPPH assay was used to assess the antioxidant activity
of fresh and treated betel leaves essential oil at various doses
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and compare them to ascorbic acid. The capacity of essential
oils to scavenge DPPH radicals is strongly correlated with
their concentration, as seen in Fig. 6. As the sample con-
centration was raised from 2 to 10 pl/ml, So, the percentage
inhibition of betel leaf essential oil obtained from fresh and
treated samples rose from 41.40 to 81.01% (fresh sample),
43.95 to 86.87% (28 kHz) and 44.50 to 87.02% (40 kHz),
respectively. In fresh and treated betel leaf essential oil sam-
ple solutions, the readings of the DPPH radical by 10 ul/ml
were observed to be 81.01%, 86.87% and 87.02%, respec-
tively. Compared to fresh leaves, ultrasound-treated leaves
showed high antioxidant activity against DPPH radical activ-
ity. As per concentration observations, the ICy, values for
essential oil obtained from fresh and treated leaves were
4.87 ul/ml (fresh), 3.67 pl/ml (28 kHz) and 3.01 (40 kHz) ul/
ml, respectively. A similar observation was noticed for old
age leaf by Madhumita et al. [22].

Moreover, ascorbic acid (control) had an IC, value of
8.42 ul/ml. Ultrasonic-treated betel leaf essential oil has
been shown to have good antioxidant activity with a reduced
ICs, value. The stronger capacity of the essential oil to serve
as a DPPH scavenger and vice versa, which were neces-
sary to produce a 50% scavenging response, is shown by
the lower IC value, which also provides a superior protec-
tive activity [26]. As a result of this work, the antioxidant
activity of ultrasonically treated (both 28 kHz and 40 kHz)
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Table 2 Betel leaves essential
oil obtained from the fresh
and treated sample using the
hydrodistillation method

87
RT (min) EO obtained from EO obtained from treated leaves Nature of compounds
fresh leaves
% composition 28 kHz 40 kHz
% composition % composition
4.85 - 0.11 0.11 Hexenal
5.13 - 0.19 0.17 Caryophyllene oxide
5.57 - 0.01 0.06 Pyrimidine
5.7 - 0.02 0.77 2-3-isopropyl-4-methyl-
pent-3 cyclobutanone
6.45 - 0.46 0.13 B-Maaliene
6.62 - 0.17 0.30 o-pinene
7.48 - 0.11 0.19 Estragole
8.34 0.05 - - Cis-geraniol
8.84 0.13 - - Undecane
9.1 - 9.41 11.38 Indane
9.97 0.01 23.95 2191 Hydrindane
10.38 - 0.09 1.09 Anethole
10.82 - 39.24 42.08 Lemairamin
11.14 - 3.8 0.2 Farnesene epoxide
11.37 0.05 - - Citral
11.69 3.65 3.78 d-Limonene
11.82 0.11 - - Linalool
12.25 - 0.82 0.8 y-muurolene
12.68 - 7.73 8.45 B-trans-ocimene
13.02 - 7.38 8.49 Copaene
13.19 - 2.86 22 y-Terpinene
13.38 0.02 3.78 3.82 Eugenol acetate
13.6 - 0.07 0.06 Oxabicycloheptane
13.95 - 0.05 0.47 f- cubebene
14.27 - 0.53 0.03 m-xylene
14.51 - 0.03 0.33 Allo-Ocimene
14.73 - 0.51 0.56 Acetyleugenol
14.91 - 0.73 0.52 B-Copaen-4a-ol
15.4 - 0.02 0.03 2-Hexadecen-1-o0l
16.13 - 0.14 0.03 Chavicol
16.32 - 0.07 0.09 P-anisaldehyde
16.49 7.52 0.09 0.18 Allo-aromadendrene epoxide
17.74 0.22 - - Ledene
18.49 13.51 - - Caryophyllene
18.99 0.07 - - Isoeugenol acetate
20.06 0.2 - - p-Elemene
20.61 4.36 - - a-cis-bergamotene
20.91 1.28 - - 5-elemene
21.42 0.1 0.04 Ylangene
21.56 - 0.01 0.1 Aciphyllene
21.7 - 0.01 0.01 a-Cubebene
21.88 41.14 - - Eugenol
22.02 - 0.03 0.15 B-Selinene
22.16 1.08 0.01 0.37 Tau-Cadinol
22.35 - 0.01 0.22 a-Curcumene
22.57 5.68 0.13 0.07 y-Maaliene
23.14 - 0.31 0.11 §-Cadinene
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EO obtained from treated leaves Nature of compounds

28 kHz 40 kHz

% composition % composition

88
Table 2 (continued) RT (min) EO obtained from
fresh leaves
% composition
23.37 0.93
23.62 -
23.87 -
24.09 9.1
24.22 2.85
24.34 -
24.40 -
24.87 6.48

- - a- limonene

0.15 0.17 a-Calacorene

0.04 0.06 Spathulenol

- - Ledene

- - Diethyl phthalate

- 0.02 Caryophyllene oxide
- - Cis-verbinol

- 0.03 Caryophyllene

betel leaf essential oil was expressed with a low ICs, value,
demonstrating the oil's potent and efficient DPPH activity.
The essential oil obtained from treated leaves is more effec-
tive than the control since its ICy, value was lower than that
shown for ascorbic acid. whereas, treated leaves essential
oil was found to have an almost similar concentration of
eugenol. Therefore, the capacity of betel leaf essential oil to
donate hydrogen atoms may be a modulator of its propensity
to scavenge DPPH radicals. The maximum value of betel
leaf essential oil DPPH radical scavenging activity is due
to hydrodistillation extraction and the effect of ultrasound
pretreatment, which is associated with larger concentrations
of monoterpenes and sesquiterpenes [3, 9, 25]. The find-
ings of the DPPH experiment indicated that treated leaves
essential oil had strong antioxidant activities, while essential
oil obtained from treated leaves (40 kHz) mainly displayed
significant antioxidant activities as compared to fresh betel
leaves essential oil.

3.6 Environmental Impact

The CO, emissions and energy consumption produced by
this extraction process under ideal extraction conditions
were also contrasted with those produced by the conven-
tional HD method in order to highlight the advantages of
the ultrasound pretreatment followed by the hydrodistillation
method. The results were summarised in Fig. 7. The ultra-
sound pretreatment approach showed a clear reduction in
energy use. 1 g of betel leaf essential oil requires 1.48 kWh
of electrical energy for untreated leaves using HD but only
0.80-0.82 kWh for treated samples by HD. This difference

@ Springer

was attributed to the ultrasonic irradiation of the betel
leaves' tissues, which led to a quick and effective extrac-
tion for ultrasonically treated leaves. Considering the effects
of pollution on the environment, the computed quantity of
CO, expelled into the atmosphere per gram of betel leaves
oil extracted by HD (1.17 kg) is much larger than that of
treated samples (0.65-0.68 kg). Consequently, ultrasound
pretreatment may be recommended as a cost-effective and
environmentally friendly method for obtaining essential oil
from betel leaves.

4 Conclusion

The ultrasound pretreatment method was effectively used
to extract betel leaf essential oil. In this study, ultrasound
pretreatment prior to the hydrodistillation method was
used to extraction of essential oil from the betel leaves.
The ideal extraction settings for the sonication were
30 min. at 150 watts and an extraction performed on HD
for 120 min. The maximum yield of treated betel leaves
essential oil is 0.22%, which is about 22.22% greater than
the fresh leaf's (0.18%) yield. Despite this, the treated
leaf's extraction time (120 min) is much less than fresh
leaves (180 min), proving that it is a quicker extraction
method. Around 39 and 45 bioactive compounds were
confirmed using GC-MS analysis in the essential of fresh
and treated betel leaves. Ultrasound treatment would not
change the kinds of primary active ingredients found
in betel leaves essential oil like hydrindane, indane and
copaene. Moreover, compared to untreated betel leaves,
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Fig.5 GC-MS chromatograms of betel leaves essential oils obtained from fresh (A) and treated sample (B 28 kHz and C40 kHz)

oil extracted by the ultrasonically treated leaves had a
greater concentration of the essential Lemairamin com-
ponent (42.08%). The examination of physical constants
indicates that the physical qualities of the produced betel
leaf oil satisfy quality criteria. The SEM examination
reveals that the ultrasonic irradiation-generated structural
degradation of the betel leaves tissues is the main driving

factor behind the effective extraction. Moreover, compared
to fresh leaves oil extraction using HD, utilizing ultrasoni-
cally treated leaves for HD might save energy use and CO,
emissions. Therefore, ultrasound pretreatment is an effec-
tive method for obtaining the essential oil of betel leaves
and may also be utilized for getting the oil from many
other plant sources.
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Fig. 6 Antioxidant activity of betel leaves essential oil obtained from the fresh and treated sample (28 kHz and 40 kHz)
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