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Abstract

The abundance of numerous bioactive compounds with a range of therapeutic benefits primarily distinguishes medicinal and
aromatic plants. Nigella sativa (black cumin) is a medicinal plant species that has been well known for a variety of therapeutic
uses. Health-conscious people, researchers, and the pharmaceutical industry are becoming more interested in black cumin, a
highly valued nutraceutical herb with numerous health advantages. The present study evaluated the impact of both traditiona
and advanced extraction techniques on the chemical composition and bioactive properties of essential oils extracted from Nigel-
la sativa L.seeds. Hexane and petroleum ether were the solvents used for conventional extraction, while natural deep eutectic
solvents (NADES) were used for ultrasonic extraction. Ultrasonic extraction addresses the drawbacks of traditional solvent ex-
traction.The hydrophobic properties of essential oils restrict their use in therapeutic settings. The essential oil extract encapsu-
lated in albumin nanoparticles resolves this bottleneck. The results showed that NADES extraction enabled higher yields
(37.1%) than essential oils obtained after Soxhlet extraction. Further, functional groups associated with the active ingredients
with therapeutic activity were identified by Fourier Transform Infrared Spectroscopy (FTIR) analysis. Different chemical compo-
nents with identified bioactivities were determined by the Gas Chromatography/Mass Spectrometry chromatograms (GC-MS).
The yield (85 %) and extract trapping (89 %) in albumin nanoparticles were determined. The findings demonstrated that the
average size of albumin nanoparticles grew from 72 nm to 102 nm for two distinct drug-loading procedures. The findings of the
Scanning electron microscope (SEM) supported the spherical shape of the nanoparticles.The study will help Nigella extract
loaded albumin nanoparticles to incorporate essential oil (EO) in food formulations and pharmaceutical preparations.
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INTRODUCTION

Nigella sativa L. is an annual herbaceous plant in the
Ranunculaceae family. It is an aromatic plant with a
historical and religious background, used for culinary
purposes and therapeutics for decades. Black cumin,
Nigella, or kalonji are common names for N sativa
(Zouirech et al., 2022). The specific bioactive composi-
tion imparts the seeds with numerous pharmacological
properties, such as cardioprotective (Ali et al., 2022),
immune-modulator (Niu et al., 2021), antioxidant (Dalli
et al., 2021), antiviral (Maideen et al., 2023), antimicro-
bial (Shafodino et al, 2022), anti-inflammatory
(Setiawatie et al., 2022), and anticancer (Manjunath et
al., 2020). Nigella seed oil treats respiratory conditions,

including asthma, emphysema, and bronchitis (Saadat
et al., 2021). The Nigella seed contains mainly protein,
fixed oil, alkaloids, and saponins (Telci et al., 2023).
The oil extracted contains thymoquinone (TQ) as one
of its bioactive components (Shad et al., 2021). TQ and
other N. sativa constituents, including p-cymene, mon-
oterpenes, thydrothymoquinone, thymol, carvacrol and
a-pinene have exhibited bioactivities.

The method of seed oil extraction plays a significant
role in the characteristics of the oils. According to the
literature, the oil has typically been generated using a
hot solvent extraction process employing the Soxhlet
extractor at 40—60 °C and even at 70 °C (Liu, X. et al.,
2011). The hot solvent extraction process may alter oil
characteristics, and most minor compounds have func-
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tional, antioxidative, and pro-oxidative actions (Solati et
al., 2014). While organic solvents are very effective in
extracting phytochemicals, they have several inherent
disadvantages, including accumulation in the atmos-
phere (low boiling temperatures), flammability, high
toxicity, non-biodegradability, and expense. Additional-
ly, these solvents can no longer follow the trend of
green chemistry from an environmental perspective.
For all of these reasons, new environmentally friendly
solvents and alternative technologies are of research
interest to extract phytochemicals from plants.

Recently, several environment-friendly techniques have
been in practice for essential oil extraction from plant
sources, including supercritical fluid extraction (Xiong
and Chen, 2020), microwave-assisted extraction
(Yingngam et al., 2021), and ultrasound-assisted ex-
traction(Chen et al., 2022). Among these methods, ul-
trasound-assisted extraction (UAE) offers the benefits
of reduced extraction period, improved yield, enhanced
bioactivity and minimum loss of oil. It involves applying
high-intensity sound wave frequencies on the plant ma-
terial in a solvent, resulting in cavitation phenomena
that release phytochemicals. Dar and colleagues (Dar
et al., 2024) optimised the UAE extraction of Nigella
sativa essential oil, resulting in a maximum yield of
34.53%. However, they used hexane as the solvent in
the extraction studies.

Innovative solvents such as ionic liquids, deep eutectic
solvents and natural deep eutectic solvents contribute
significantly to sustainable, green and energy-efficient
extraction procedures. The Natural Deep Eutectic Sol-
vent (NADES) consists of primary metabolites (Eg: sug-
ars, small organic acids, bases, sugar alcohols and
amino acids) in distinct molar ratios. These natural
compounds are combined with the proper amount of
water after physical grinding at specific temperatures to
form NADES (Choi et al., 2011). Its properties include
non-volatility, renewability with a broad spectrum of
polarity, non-toxicity and biodegradability (Mehariya et
al., 2021). Sharma and colleagues (Sharma et al.,
2023) obtained a better yield of essential oil (EO) when
extracted with NADES constituting choline chloride and
maleic acid (2:1) compared to the conventional hydro-
distillation method from the roots of Nardostachys jata-
mansi (D.Don) DC.

Nigella oil has long been used in traditional therapeu-
tics. Nevertheless, the limited water solubility, instabil-
ity, and low bioavailability constrain the application. A
potential solution to these problems is encapsulating
the compounds in a suitable matrix (Fatmi et al., 2024).
Encapsulation methods based on albumin micro- and
nanoparticles deliver several therapeutic compounds to
the target site. Albumin particles shield the therapeutic
molecules from deterioration and better absorption.
Moreover, it enhances intracellular absorption and cir-
culation in the body and modifies the pharmacokinetic
parameters (Tao et al., 2019). Badri (Badri et al., 2018)

prepared poly (e-caprolactone) based nanoparticles to
encapsulate Nigella sativa L. seeds essential oil and
indomethacin to improve the analgesic and anti-
inflammatory properties of indomethacin. They attained
an essential oil encapsulation efficiency of 84%. The
EO encapsulation and indomethacin improved its anti-
inflammatory and analgesic effects.

The present study explored ultrasound-assisted extrac-
tion of Nigella sativa essential oil using different
NADES compositions and analysed their chemical con-
stituents in maximum yield extraction using gas chro-
matography-mass spectrometry (GC-MS) and Fourier-
transform infrared spectroscopy (FTIR) methods.
The study also attempted to encapsulate the oil in
albumin  nanoparticles using the coacervation-
crosslinking method.

MATERIALS AND METHODS

Sample preparation and physicochemical
characterization of seed

Nigella sativa L. seeds were procured from Coimba-
tore. The seeds were cleaned, washed with water, and
dried. Seed samples were ground into a powder for
further study. The following physicochemical analyses
were done

Moisture content

The Association of Official Analytical Chemists (AOAC)
Technique No. 984.25 (Firestone, 2005) was used to
calculate the moisture content.
MC (%) = (M1-M2) / (M1-M0)*100
Where, MO = mass of a dry, tarred petri dish, in grams,
M1 = mass in grams of an undried sample in a dried,
tarred petri dish

M2 = dry, tarred petri dish's mass in grams.

Fat content

Oil was extracted from 15 g of seed powder in a
Soxhlet extractor using petroleum ether (40-60° C)
as the solvent for 8 hours. The proportion of lipids (on a
wet weight basis) was used to represent the result.

Protein content
The total protein was estimated
method.

using Lowry's

Ash content
Powdered seed samples weighing around 0.5 g were
burned in a muffle furnace for around 12 hours at 550
C. The ash was expressed in percentage on a wet
weight basis.

Carbohydrate content

The difference between the mean readings, or [100 -
(protein + fats + ash + moisture)], was used to deter-
mine the amount of carbohydrates.
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Extraction of the oil constituents

The oil constituents from the seeds were extracted us-
ing Solid-liquid extraction, Soxhlet extraction, and Ultra-
sound-assisted extraction.

Solid liquid extraction

A flask containing 50 g of Nigella seed powder was
homogenised using 250 ml of hexane. After mixing for
4 hours at 180 rpm in a shaker, it was centrifuged at
8000 rpm for 15 min at room temperature. After that, it
was filtered to obtain the extract and concentrated in a
rotary evaporator for 2h.

Soxhlet extraction

In this process, 15g of powdered seeds were immersed
in 50 ml of absolute petroleum ether at 80°C for 2h, and
then the extract was concentrated in a rotary evapora-
tor for 2h.

Natural deep eutectic solvent preparation and ex-
traction

NADES consisting of Citric acid and D-(+)-glucose
were prepared with different combinations as in Table
1. Since NADES are viscous, a small quantity of water
is required to keep the liquid state. According to previ-
ous studies, supramolecular complex structures of
NADES are retained in water with a concentration of 50
g/100 g or less and further dilution results in structural
breakdown. De-ionized water was therefore, introduced
to the experiment in the right quantity.

The extraction procedure in brief, in a beaker, 7.2 g of
the NADES components combined with 4.8 g of de-
ionized water produced a translucent liquid at 80°C
water bath and 100 W ultrasonic treatments for
15 minutes. The NADES was mixed with 2 g of dried
seed powder and extracted at 600 W for 15 min in an
ultrasonic extraction device. (Yulianita and Monica.,
2023)

Characterisation of extracted oil

The fixed oil extracted was characterised according to
the AOCS technique (AOCS., 2004) to assess the Per-
oxide Values (PV), Saponification value (SV) and free
fatty acid (FFA).

Determination of oil yield

The oil yield was determined using the following formu-
la:

Yield of EO (%) = (WE/WS) x 100% ... Eq. 2
Where, WE is the weight of extracted seed oil in g, and
WS is the weight of seed (g)

Characterisation of oil- Fourier Transform Infrared
Spectroscopy and Gas Chromatography/Mass
Spectrometry Analysis

The FTIR spectra of the sample with maximum oil yield
were recorded in the region of 4000-400 cm™ on an IR

Prestige 21 Fourier Transform Infrared Spectrum
(Shimadzu) housed at 25°C, 50% relative humidity

The sample with maximum oil yield was analysed by
Agilent GC 7890A / MS5975C. Chromatographic sepa-
ration was done with an Agilent DB5SMS Capillary col-
umn (30m / 0.25mm internal dia / 0.25 micron film
thickness).

Ultraviolet-Visible Spectroscopy analysis

UV double beam spectrometer was used to scan the
wavelength of extract from 200 nm up to 400 nm. This
was to determine the maximum wavelength of absorb-
ance value for use as detection wavelength in the UV
analysis method.

The technique's consistency, sensitivity, precision, and
accuracy were all validated. The solvent used was
chloroform to minimise the inconsistency incurred by
the solvent volatility (Ismail et al., 2015).

Preparation of the formulation

Albumin- nanoparticles were synthesized using the
coacervation-crosslinking method (Rahimnejad et al.,
2012). Initially, 50 mg of bovine serum albumin was
dissolved in 2 mL, 10 mM NacCl solution and was then
agitated for 15 minutes at room temperature. After
bringing the BSA solution's pH to 8.0, ethanol was in-
troduced drop-wise (1 mL/min). To stabilise the BSA
nanoparticles, glutaraldehyde aqueous solution (8%)
was added after the solution had been agitated for 3
hours at room temperature. The nanoparticle suspen-
sion was purified by centrifugation (12000 rpm, 30 min)
three times after stirring for 24 hours at room tempera-
ture.

Essential oil loading into the nanoparticle was carried
out by two approaches: Model F1 was obtained by the
incubation of albumin NPs with Essential oil
(concentration of 2mg/l) under magnetic stirring for 2h
at 500 rpm. For Model F2, the same concentration of
essential oil was incubated with albumin-NPs while
shaking for 2h at room temperature (Honary et al.,
2010). Albumin particles were also prepared using the
same procedure without oil loading. The essential
oil-loaded nanoparticles were analysed for their size,
shape and morphology by Scanning Electron Microscopy.

Yield of Essential oil -albumin nanoparticle

At the end of the formulation process, the nanoparticle
formulation was centrifuged, the debris was removed,
washed, and centrifuged (12000 rpm) twice to produce
a pellet. This pellet of nanoparticles was weighed, and
the following equation was used to get the per cent
yield (Jithan et al., 2011).

Percent yield (%) = Weight of the nanoparticle/ Total
weight of drug+ polymer X 100

Determination of drug entrapment
To determine the amount of extract loading in nanopar-
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Table 1. Preparation of Natural deep eutectic solvents
(NADES): Solvent groups, components and molar ratios

Solvent
abbreviation

NADES composition (molar ratio) (D-
(+)-Glucose: Citric Acid)

GIluCA-1 1:1
GIuCA-2 1:2
GIuCA-3 2:1
GIuCA-4 1:3
GIuCA-5 3:1

ticles, 3 ml of essential oil-loaded nanoparticle suspen-
sion was centrifuged (20000 rpm/45 min/4°C). The
amount of drug present in the supernatant (obtained at
the end of preparation of nanoparticles) was deter-
mined (w) by UV-spectrophotometer. A standard cali-
bration curve of concentration vs. absorbance was plot-
ted for this purpose. The amount of drug in the super-
natant was then subtracted from the total amount of
drug added during the desolvation process (W). (W-w)
will give the amount of drug entrapped in the pellet
(Singh and Chaudhary, 2010).

Then percentage entrapment is given by (W-w)/W X
100. . Eq. 4

Thin-Layer Chromatography(TLC) experiment

TLC is a quick, cost-effective method to separate the
componets based on polarity using a silica-coated plate
and organic solvents. A TLC analysis was performed
on a piece of silica sheet (2 mm), pre-coated with silica
gel 60 G. In the mobile phase, a 7/3 v/v combination of
dichloromethane and methanol was used. The samples
examined were (a) Loaded nanoparticles method F1;
(b) Loaded nanoparticles method F2; (c) Physical mix-
ture empty nanoparticle/essential oil. The spots were
detected at UV light (Honary et al., 2010).

RESULTS AND DISCUSSION

Proximate analysis of Nigella seed powder

The proximate analysis of Nigella seed powder is rep-
resented in Table 2 and follows the previous studies.
The lipid content (35%) extracted with petroleum ether
was a major component in the seed. The literature
shows that the moisture content varied from 5.40 to
7.00%, their ether-extractable lipids from 34.80 to
37.33%, their crude protein ranged from 20.02 to
21.20%, their ash ranged from 3.70 to 6.70 %, and their
carbohydrates ranged from 30 to 34% (Atta, 2003;
Khoddami et al., 2011). In this instance, the ash level
(5.24 %) was greater than the cases described in the
literature, while the protein content (21.51%) was a little
lower than the cases identified in the literature. The
geographic areas where the black cumin seed grows
impact the oil properties(Choudhury et al., 2023).

Comparison of the oil yield with different solvents
The oil from the seed was extracted using different
methods and different solvents. Table 3 displays the oil
yields from three distinct extraction techniques. Ultra-
sound-assisted extraction using NADES (GIuCA-3)
yielded a maximum oil (37.1%) compared to other tech-
niques. The difference in yield proves NADES's superi-
or capacity to extract certain lipid components from Ni-
gella seeds compared to other extraction techniques
and its shorter extraction time (30 mins).

Table 4 shows the physicochemical parameters of the
seed oil and the most significant indicators of seed oil
quality are FFA and PV. The hydrolysis of oil fat pro-
duces free fatty acid. The FFA is more susceptible to
oxidation and instability than the neutral oil. A lower
FFA (5.26 %) value for UAE (GIuCA-3) indicates better
stability than the other methods. Similarly, peroxide
value reflects the level of oil oxidation, and high PV is
unstable. The lowest PV (8.26 meqg/kg) is observed in
the oil obtained by UAE (GIuCA-3). The saponification
value predicts the type of triacylglycerols in the oil. A
high SV (185.23 mg/100g) indicates high TAGs content
in oil. According to the literature, the SV of Nigella oil
varies from 172.6 to 211 mg/100 g (Farhan et al.,
2021).

Functional groups in the oil

The FTIR spectrum of the UAE (GIuCA-3, GIuCA-1,
and GIuCA-5) oil samples in the range of 400 to 4000
cm™ represents the functional groups (Fig. 1 and Table
5). GIuCA-1 and GIuCA-3 samples showed similar
peaks, while GIuCA-5 showed minor differences in the
peaks.

GC-MS analysis

The isolation of essential oil by GIuCA-3 showed a yield
of 37.1%, and Fig. 2 represents its GC-MS analysis. It
resulted in about 25 peaks and Table 6 lists the major
compounds found in the extract.

Preparation of extract-loaded albumin

nanoparticles

Protein nanoparticles have great potential as drug carri-
ers compared to alternative drug delivery methods, as
they are simple to scale up in the production process
(Karimi et al., 2016). The properties of albumin such as

Table 2. Proximate Analysis of Nigella seed powder

Proximate composition Determined value (%)

Moisture 5+0.23

Fat 35.97 £ 0.38
Protein 21.51 £0.11
Ash 5.24 +0.46
Carbohydrate 32.16 +0.32
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Table 3. Characteristics of Nigella seed oil obtained by different extraction methods

Extraction period

Extraction methods Solvent (min) Yield (%) Colour
?ggd Liquid Extrac-— ane 240 31.76+0.12 Pale yellow oil
Soxhlet Extraction Petroleum ether 120 35.97+0.46 Brown-yellow oil
GluCA-1 30 36.2 +0.23
GIuCA-2 30.7 £0.02
E'ttrasct’.”"d Assisted  GluCA-3 37.1£0.38 Pale Yellow oil
xiraction GIuCA-4 32.2 +0.14
GluCA-5 36.6 £0.2

Table 4. Effects of extraction on physicochemical parameters of Nigella seed olil

Physicochemical parame- Extraction methods

ters Hexane Soxhlet UAE (GIuCA-3)
FFA (as oleic %) 10.3240.22 7.22 +0.12 5.26 £0.21

PV (meqg/kg) 12.62 +0.3 9.23 +0.34 8.26 +0.4
SV(mg/100 g) 196.25 +0.26 192.45 +0.28 185.23 +0.42
Table 5. FT-IR spectrum of UAE samples

S.NO. Peak value Bond Functional group GIuCA-1 GluCA-3 GIuCA-5
1. 3448/ 3450 OH polyphenols Yes Yes Yes
2. 1637 C=C Stretch Alkene Yes Yes

3. 1463 CH bonding Alkane Yes Yes Yes
4 1548 N-O stretching Nitro compound Yes
5. 1039 OH bending Alcohol Yes Yes

6. 677 C-C Bending Alkene Yes

biodegradability, biocompatibility, metabolism in vivo to
yield harmless products, ease in purification and drug
delivery and water solvability, make it a desirable mac-
romolecular carrier (Elzoghby et al., 2012). Bovine se-
rum albumin is a protein, and the pH of the medium
influences its crosslinking with glutaraldehyde. Roughly
90% of the free amino acids in the bovine serum albu-
min protein could keep the protein functioning (Zhao et
al., 2010). In the present study, 8% of glutaraldehyde
resulted in the formation of nanoparticles. The function-
al groups on albumin NPs make surface modification
easier when utilising different methods, including conju-
gation, coating, or electrostatic adsorption (Tan and Ho,
2018).

Albumin nanoparticles were morphologically character-
ised using SEM, and the results revealed the morpholo-
gy of particles. EO-loaded albumin nanoparticles made
using models F1 and F2 are shown in Fig 3 as SEM
micrographs. The micrographs showed that both meth-
ods resulted in nanometer scale and rough surface
particles. The rough surface is due to the loading of
essential oil in the nanoparticle. The morphology of
particles in model F2 is mostly spherical or irregularly
rounded. Meanwhile, the particles in model F1 were

spherical to semi-spherical in shape.

The encapsulation of palladium complex in BSA nano-
particles has been reported. The comparison of mor-
phology by Field emission scanning electron microsco-
py anaysis showed spherical, smooth particles for BSA-
NPs, while loading the palladium complex altered the
overall morphology to develop a rough surface and
slightly increased in size (Karami et al., 2020).
Sadeghzadeh and coworkers prepared albumin nano-
particles loaded with anethole, a phytochemical for can-
cer treatment. They further modified the surface of the
nanoparticle with chitosan attached to folate. The chi-
tosan addition improved the mucoadhesive and perme-
ation properties of the nanoparticle, and folate helped
target the folate receptor, which overexpressed tumors.
Its SEM examination demonstrated a smooth surface
with diverse shapes and multiple facets displaying a
heterogenous an complex morphology(Sadeghzadeh et
al., 2023).

Yield and Entrapment efficiency of Essential oil
(EO)-albumin nanoparticles

Table 7 shows the nanoparticle yields from two differ-
ent methods, and the maximum yield is from model F1.

898



Kiruthika, R. and Anu, J. / J. Appl. & Nat. Sci. 17(2), 894 - 902 (2025)

Table 6. Chemical composition of Nigella seed oil

Retention

Area

time percentage Compound Description
A colourless liquid with a pleasant floral odor.
7.431 56.29 Phenylethyl alcohol It is found in a variety of essential oils.
8.431 5.13 3-Cyclohexen-1-ol, 4-methyl-1-(1-m An isomeric hydrocarbons that are classified
) ) ethylethyl)- as monoterpenes found in plant essential oils
9.309 243 2,5-Diethylphenol phenolic compound
Monoterpene derivative of cymene. It has a
9.864 2.76 Thymol role as a volatile oil component.It derives from
a hydride of a p-cymene.
5-Hepten-3-yn-2-ol, 6-methyl-5-(1- .
12.675 4.28 methylethyl)- Monoterpenoids
15.441 2.09 2-Ethylacridine derived from isoquinoline alkaloids
Pentacosanoic acid, 2,10-dimethyl-, . .
16.674 1.06 methyl ester, Methyl ester of pentacosanoic acid.
19.974 1.17 Benzo[h]quinoline, 2,4-dimethyl- Alkaloids
22.396 4.96 Benzo[h]quinoline Alkaloids
22.807 3.2 Benzo[h]quinoline Alkaloids

Fig. 1. FTIR spectrum of UAE samples 1) GIuCA-3, 2) GluCA-1, and 3) GIuCA-5

It shows continuous stirring for 2 hours gives a better
yield than the shaking method. A similar observation
was made by (Honary et al., 2010) for the encapsula-
tion of Doxorubicin.

In the UV analysis, the maximum wavelength of ab-
sorption is 271 nm. The standard plot generated for
different concentrations of EO at 271 nm was linear
and used to determine the concentration of EO and
calculate the entrapment efficiency.

Analysis by Thin-Layer Chromatography
Two spots were found for both drug-loading models. A

spot on the origin attributed to the drug associated with
the carrier and a spot with an Rf = 0.69 indicated that
free and/or poorly combined extract with albumin in the
matrix was present in the loaded nanoparticles. As pre-
viously stated (Merodio et al., 2001), EO, which was
entrapped in the nanoparticles and released in a sus-
tained way slowly over days due to extract being cova-
lently bonded to polymer fragments, may be responsi-
ble for the spot on the origin. Due to the absence of
such limitations, as shown in Fig. 4, no spot was seen
on the origin for the physical mixing of extract and albu-
min nanoparticles. In thin-layer chromatography, phe-
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Fig. 2. GC-MS result of NADES Extracted oil of Nigella

seeds

13 31 SEI

Fig. 3. Scanning electron micrograph of essential oil
loaded albumin nanoparticles. (A)F1 method, (B) F2
method. F1 is heterogeneous with spherical to semi-
Spherical particles, and F2 is mostly spherical

nolic and other aromatic chemicals in EO and EO
cause the characteristic fluorescence when observed
under UV and blue light excitation (Botnick et al.,
2012).

Conclusion

The present study used an ultrasound-assisted method
employing glucose and citric acid-based NADES to
extract essential oil from Nigella sativa. Among the dif-
ferent molar compositions of NADEDs used, Glucose:
Citric Acid in the ratio of 2:1 resulted in maximum yield
in extraction. The study also revealed enhanced extrac-
tion yield for NAEDS (37.1%) compared to the conven-
tional methods, including Solid Liquid Extraction and
Soxhlet Extraction. The FTIR analysis of UAE samples
revealed the presence of functional groups of polyphe-
nols and other phytochemicals. The GCMS analysis of

Table 7. Yield and entrapment efficiency of Essential oil-
Albumin nanoparticles

ENTRAPMENT
o,
MODELS  YIELD (%) EFFICIENCY (%)
F1 85.74+0.56  89.72+1.24
F2 82.28+0.68  78.26%1.78

Fig. 4. TLC for determining the type of interaction be-
tween the extract and albumin nanoparticles: (A) (a) ex-
tract loaded nanoparticles (F1), (b) extract solution, (c)
Physical mixture between unloaded nanoparticles and
EO; (B): (a) extract loaded nanoparticles (F2), (b) Extract
solution, (c) Physical mixture between unloaded nano-
particles and EO; The difference in the band retention
factor for the three samples in F1 and F2 indicates suc-
cessful loading of essential oil

the volatile metabolites sample revealed the presence
of terpenes, phenolic compounds, and alkaloids. The
present study also showed that the Coacervation meth-
od can prepare albumin nanoparticles. It also showed
that The stirring method resulted in smaller and homog-
enous EO-loaded albumin nanoparticles with a high
entrapment efficiency of 89%. The EO-loaded nanopar-
ticles prepared in this study demonstrate potential for
therapeutic applications, necessitating further investiga-
tion to evaluate their efficacy and safety in vivo.
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