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Abstract
Artemisia pallens, an aromatic and medicinal plant occasionally referred to as Davana is a member of the Asteraceae fam-
ily. Understanding the physiochemical and therapeutic properties of Davana essential oil (DEO) is the major aim of this 
study. Essential oil from plant material was extracted using the hydro-distillation method. Examination of the phytochemical 
components and several plant constituents from the whole oil were detected using GC–MS analysis and some components 
were Isobutyl propionate, 4,5-Dimethyl-Thiazole, Ligustrazin, Endo-2-Norborneol, Tetradecanoic acid, and Octadecanoic 
acid. The thermal stability of the oil was tested using thermoanalytical studies such as TG–DTA and DSC. Moreover, to 
comprehend the biological potential of the oil antimicrobial, antituberculosis, antimalarial, antioxidant, anticancer, and antibi-
ofilm activities were investigated essential oil was tested for antimicrobial activity against 10 bacterial and 7 fungal strains. 
The antimalarial potential was evaluated against Plasmodium falciparum. Cytotoxicity of the DEO was determined against 
MCF-7, HeLa, and CHO cell lines employing MTT assay. Meanwhile, the DPPH assay was adopted to assess antioxidant 
potential, and the ability to suppress biofilm formation was also assessed. The study’s findings reveal that Artemisia pallens 
is a reservoir of natural compounds and can be used against numerous ailments.
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Abbreviations
DEO  Davana Essential Oil
GC–MS  Gas chromatography-mass spectrometry
DSC  Differential Scanning Calorimetry
TG–DTA  Thermogravimetric, and Differential Ther-

mal Analysis

MIC  Minimum Inhibitory Concentrations
DPPH Assay  2,2′- Diphenyl-1-picrylhydrazyl Assay
LB  Luria–Bertani
RT  Room temperature
HeLa  Human cervical cancer cell line
CHO  Chinese hamster ovary

 * Vikas Jha 
 vikasjjha7@gmail.com

1 National Facility for Biopharmaceuticals, Guru Nanak 
Khalsa College of Arts, Science and Commerce, Mumbai, 
Maharashtra 400019, India

2 Department of Biotechnology, Bhavan’s College, Andheri, 
Mumbai, Maharashtra 400058, India

3 Department of Five Years Integrated Course in Bioanalytical 
Sciences, GNIRD, Guru Nanak Khalsa College of Arts, 
Science and Commerce, Mumbai, Maharashtra 400019, India

4 Department of Biotechnology, Kishinchand Chellaram 
College, Mumbai 400020, Maharashtra, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s43994-023-00059-0&domain=pdf
http://orcid.org/0000-0002-4008-1592


495Journal of Umm Al-Qura University for Applied Sciences (2023) 9:494–507 

1 3

MCF-7  Michigan Cancer Foundation-7
MTT Assay  3-(4,5- Dimethylthiazol-2-yl)-2,5-diphe-

nyl-2H-tetrazolium bromide assay
FBS  Foetal bovine serum

1 Introduction

According to the World Health Organisation (WHO), 
pharmaceutical prescriptions caused 0.5 million deaths in 
2019, with opioids accounting for 70% of those deaths and 
drug overdose accounting for 30%, raising the question of 
whether any alternative should be established to mitigate 
these disasters. Overdosage with a variety of medications 
has already been reported, including tranquilizers, stimu-
lants, and others. Furthermore, resistance has been estab-
lished as one of the primary reasons for death. Because 
the target organism no longer reacts to pharmacologically 
adequate dosages of the medications, drug resistance may 
result in a loss of entire therapeutic efficacy [1–3]. Occa-
sionally, the medicine is given incorrectly, resulting in 
the development of resistant microorganisms. First-line 
antibiotics have also been demonstrated to be unsuccess-
ful in treating diseases such as tuberculosis, pneumonia, 
blood poisoning, gonorrhea food-borne infections, HIV, 
SARS-CoV-2, and others. According to one research the 
therapeutic method, agent selection, and duration of anti-
biotic therapy are inappropriate in 30–50% of cases [4].

Given the severe adverse effects of synthetic medica-
tions, natural therapies have spurred a great deal of inter-
est in traditional folk medicine research. Because of their 
many biological functions, plant extracts are gaining a lot 
of interest these days. Phytochemicals are in significant 
demand for primary health care since they are safer, more 
effective, and have fewer side effects than synthetic phar-
maceutical medications [5]. As a result, essential oils and 
other plant extracts are being tested for physiologically 
bioactive ingredients for application in food, medicine, 
aromatherapy, and cosmetics, among other disciplines [6].

Ayurveda is India’s most well-known traditional medi-
cine, having been practiced for millennia. Ayurveda has 
molded medical research in plenty of ways due to its thor-
ough understanding of natural therapies. Essential oils 
are also known as natural antibacterial agents, and their 
broad spectrum of antimicrobial qualities make them an 
appropriate choice, in addition to playing an important 
part in a variety of biological processes. Because of its 
unique mechanism, it does not favor creating resistance 
[6]. Essential oils play an important part in the medical 
business today [6].

Recent research suggests that phytochemicals, owing 
to their antioxidant capacity, could assist in lowering 
the likelihood of deadly illnesses such as cardiovascular 

disease, cancer, and others. Through the best of our inten-
tions, we began evaluating and studying Artemisia pallens, 
often known as ‘Davana’ oil, a member of the Asteraceae 
family. For bio-prospecting, the genus Artemisia stands 
at the top of the Asteraceae family. This genus contains 
around 500 species of plants and shrubs [7]. Davana oil is 
derived from a common fragrant shrub that is abundantly 
produced in southern India. Davanite, davan ether, davan 
furan, and linalool are the main components of davana 
oil. Other components include methyl cinnamate, ethyl 
cinnamate, bicyclogermacrene, 2-hydroxyisodavanone, 
farnesol, geranyl acetate, sesquiterpenes, and germac-
ranolides [8]. Their blooms and foliage are widely recog-
nized for their flavorful aroma and are occasionally used 
for decoration. Artemisia pallens is a fragrant plant that 
grows profusely in humid conditions in India [9]. Vari-
ous studies demonstrate that it is beneficial against Can-
dida albicans fungal infections [10]. Plant extracts have 
antihelminthic, antipyretic, and tonic qualities, as well as 
antibacterial, antispasmodic, antifungal, and stimulating 
characteristics. Davana oil has previously been tested for 
anti-diabetic, antibacterial, antinociceptive, and wound-
healing properties [11].

The current study’s goal is to promote awareness regard-
ing the use of natural medications as a viable alternative to 
manufactured drugs. Because most studies have not incorpo-
rated thermal analysis. As a result, we approached evaluat-
ing the various uses and bioactivities of Artemisia pallens 
essential oil using various techniques and instruments such 
as Gas Chromatography-Mass Spectrometry (GC–MS), and 
the thermal properties of the oil were investigated using 
Differential Scanning Calorimetry (DSC) and TG–DTA. 
The oil was also studied for its antibacterial, antioxidant, 
antibiofilm, anticancer, antituberculosis, and antimalarial 
properties.

2  Materials and methods

2.1  Sample collection, authentication, 
and extraction of essential oil

The Davana plant (Artemisia pallens) was obtained in the 
Malshej Ghat foothills (19.340625°N 73.75522°E), Maha-
rashtra (India’s center-west state). It was then transported 
to the research center. Initially, the plant sample’s genomic 
DNA was isolated using a CTAB buffer. After complet-
ing the quantitative analysis of the collected genomic data 
using the gel electrophoresis technique. The polymerase 
chain reaction (PCR) Thermocycler was used to amplify 
the genomic DNA sample using rbcL universal primers 
[12] (Forward 5′-ATG TCA CCA CAA ACA GAG ACT AAA 
GC-3′ and Reverse 5′-GTA AAA TCA AGT CCA CCR CG-3′). 
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Following that, the rbcL gene was sequenced using Sanger 
sequencing technology at the Eurofins laboratory in India. 
After that, the sequencing data was sent to the National 
Centre for Biotechnology Information (NCBI). Finally, 
the obtained DNA sequence of Artemisia pallens with the 
GenBank accession number OL581698 was compared to 
all known rbcL gene sequences of Artemisia species in the 
NCBI database to understand the evolutionary connection. 
The sequences were then aligned and a phylogenetic tree was 
produced using the MEGA 11 tool and the Neighbor-joining 
technique using bootstrap values based on 1000 replications 
and the Tamura-Nei model, as shown in Fig. 1. Furthermore, 
essential oil extraction was carried out, according to Malla-
varapu [13]. Fresh herb plant samples weighing 1000 g were 
dried in the shade for 3 days before being subjected to an 8-h 
hydro distillation using Clevenger apparatus. The recovered 
Davana Essential oil (DEO) was dried over  Na2SO4 and kept 
refrigerated at 5 °C until tested.

2.2  GC–MS analysis

The constituents of essential oil isolated from Artemisia pal-
lens were detected through a GC–MS study. The analysis 
conducted utilized, a Clarus 600C system, which encom-
passed a Gas Chromatograph associated with a Mass Spec-
trometer and a GSBP-5 MS column with 5% diphenyl/ 95% 
dimethyl polysiloxane composition, a 30 m long capillary 
column with an internal diameter of 0.25 mm and a film 
thickness of 0.25 μm.

In the GC–MS technique, an electron ionization device in 
electron impact mode having an ionization energy of 70 eV 

was adopted. The operation employed helium (99.999%) as 
a carrier gas, with a uniform flow rate of 14 mL/min and 
an injection volume of 1 μL, including a split ratio of 80:1. 
Considering the temperature regulations, the injector tem-
perature and ion-source temperature were held at 250 °C 
and 220 °C respectively. While the oven temperature was 
adjusted at 70 °C for 1 min with an isothermal condition. 
Later, an increase from 190 °C/min to 260 °C with 10 min 
isothermal condition. The entire analytical procedure was 
35 min. Mass spectra in the range of 50 to 650 m/z were 
obtained at 70 eV. Several constituents of Davana essential 
oil were determined by evaluating their mass spectra to those 
from the Wiley and NIST libraries, including those men-
tioned by Adams [14], and comparing their retention indices.

2.3  Thermogravimetric analysis

The DEO sample was TGA analyzed using STA 2500 
equipment purchased from NETZSCH in Germany. The 
experiments were carried out in a nitrogen gas atmosphere 
at a flow rate of 300 mL/min. The samples, each weighing 
21.4 mg, were properly weighed and placed in the aluminum 
crucibles. During the process, all samples were heated at 
a rate of 5.5 °C/min, starting at ambient temperature and 
escalating to 500 °C.

Fig. 1  Phylogenetic Tree
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2.4  Differential scanning calorimetry

The DSC profile of the essential oil was generated using 
TA Instruments using a DSCQ20 model. In the aluminum 
crucible, a sample weighing 3 mg was placed. A nitrogen 
gas flow rate of 40 mL/min was used to test the sample. A 
dynamic scan was done across a temperature range of 25 °C 
to 375 °C at a heating rate of 10 °C/min.

2.5  Biological activities

2.5.1  Microbial strains employed

Susceptibility to the DEO of the test specimens were esti-
mated against ten bacterial strains and seven fungal strains. 
Both gram positive and gram negative nature strains were 
employed such as Propionibacterium acnes (MTCC 1951), 
Staphylococcus epidermidis (MTCC 3615), Streptococcus 
pyogenes (MTCC 1924), Enterococcus hirae (MTCC 2728), 
Enterococcus faecalis (MTCC 439), Streptococcus pneumo-
niae (MTCC 655), Pseudomonas aeruginosa (MCC 2080), 
Proteus Mirabilis (MTCC 1429), Escherichia coli (MCC 
2412) and Klebsiella pneumoniae (MCC 2451). Candida 
albicans (MCC 1151) and certain other isolates of fungi 
were also employed. Bacterial isolates were grown for 24 h 
at 37 °C on Mueller Hinton Agar whereas fungal strains on 
Sabouraud Dextrose Agar. The MTCC and MCC microbial 
strains were acquired from the Institute of Microbial Tech-
nology (IMTECH) in Chandigarh and the National Centre 
for Cell Science (NCCS) in Pune, respectively, while the 
remaining bacterial and fungal cultures were procured from 
existing laboratory test isolates.

2.5.2  Disk diffusion assay

In our study Disk diffusion method suggested by Demo with 
slight variance was carried out to estimate the potential of 
DEO against bacterial species [15] Initially, overnight-grown 
culture was employed, and 200 μL of  106 CFU/mL solution 
of each test bacterial inoculum was spread over the MH agar 
plate. Later, 10 μL of the sample was administered over the 
paper disc with a 6 mm diameter, and the plates were incu-
bated for 24 h at 37 °C.and then the plates were allowed to 
incubate for 24 h at 37 °C. As a positive control for bacte-
rial isolates, Chloramphenicol (30 μg/mL for each disc) was 
adopted. However, the potential against the fungal strains 
was evaluated in the same way with some modifications [16, 
17]. For this purpose, fungal strains were cultivated over the 
Sabouraud Dextrose agar plate, and Ketoconazole (1 mg/
mL) was used as a control. Furthermore, the plates were 
allowed to incubate for 3–7 days at 30 °C. The test was car-
ried out in triplets to obtain satisfactory outcomes.

2.5.3  Determination of minimum inhibitory concentration 
(MIC) for microbial isolates

The microdilution method was implemented to determine 
the minimal concentration of DEO critical to inhibit the 
bacterial cultures, and the process was carried out using 
96-well microtiter plates [18]. The bacterial suspension was 
first formulated, and then it was adjusted with a saline solu-
tion containing 1.0 ×  105 CFU/mL. To achieve the desired 
concentrations, the essential oil was diluted in a combination 
of 5% DMSO and 0.1% polysorbate-80 (1 mg/mL), and then 
added to a Luria–Bertani medium (100 μL) containing a 
bacterial inoculum of 1.0 ×  104 CFU/mL. Finally, the plates 
were incubated at 37 °C for 24 h [19]. The MIC of the oil, 
on the other hand, was calculated in the same manner [20] 
but with slight variations. In the case of fungal strains, Sab-
ouraud dextrose broth with a final density of 5 ×  104 CFU/
mL was used. Furthermore, the plates were incubated for 
72 h at a temperature of 28 °C, with ketoconazole (1 mg/
mL) and chloramphenicol (30 μg/mL for each disc) used as 
Positive Controls. The MIC was established after incubation 
as the lowest treatment that stopped detectable microbial 
growth in the wells.

2.5.4  Antituberculosis activity evaluation

The DEO was tested in vitro against a susceptible strain 
of Mycobacterium tuberculosis (H37Rv) acquired from the 
National Institute of Tuberculosis Research in Chennai, 
Tamil Nadu. The oil was evaluated using a classic procedure 
that included the L.J. MIC (Lowenstein and Jensen) method. 
The LJ medium used in this technique was enhanced with 
salts, malachite green, 2% solution, asparagine, glycerol, and 
other growth needs. It comprises a homogenized egg solu-
tion from fresh hen’s eggs because it is an egg-based media, 
and the reference medication used as isoniazid. The medium 
was injected with Mycobacterium suspension strains in vari-
ous concentrations of DEO (100, 50, 12.5, 6.25. 3.125, 10, 
5, 2.5, 1.25, 8, 4, 2, 1, 0.5, 0.25 μg/mL). Finally, incubation 
was carried out with weekly monitoring [20].

2.5.5  Anti‑malarial assay

The activity of the DEO against Plasmodium Falciparum, a 
malarial pathogen, was investigated in vitro using the micro-
assay procedure described by Rieckmann and colleagues 
with a minor modification [21]. The experiment began with 
the cultivation of a drug-sensitive and resistant Plasmodium 
Falciparum strain in RPMI-1640 medium supplemented 
with 25 mM HEPES, 0.23% sodium bicarbonate, 1% D-glu-
cose, and 10% heat-inactivated human serum. The cells were 
treated with 5% D-sorbitol, which caused them to change 
from asynchronous to synchronous. To create a primary ring 
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stage parasitemia, Jaswant Singh Bhattacharya (JSB) stain-
ing was used [22]. Furthermore, 5 mg/mL stock solutions 
in DMSO of essential oils with concentrations ranging from 
0.4 μg/mL to 100 μg/mL were prepared. The test and dupli-
cate wells, which contain parasitized cell preparations, were 
then filled with exactly 20 μL of diluted material. Culture 
plates were incubated in a desiccator for 36–40 h at 37 °C. 
After incubation, blood smears were stained with JSB stain. 
Microscopic inspection of slides was performed to better 
understand the development of ring-stage parasites into schi-
zonts and trophozoites. Chloroquine and Quinine were used 
as reference medicines in the process. Finally, the sample’s 
MIC value was obtained, and the IC50 value was derived 
using standard values.

2.5.6  Antioxidant study

In the present study, the antioxidant activity of the DEO was 
examined by using a DPPH reagent with minor modifica-
tions [23, 24]. To proceed, 1 mL from a 0.05 mM metha-
nol solution of the DPPH radical was mixed with 2 mL of 
DEO sample, and to this 2 mL of 0.1 M, sodium acetate 
buffer having a pH 5.5 was added. The mixture was properly 
shaken to dissolve the constituents and was incubated for 
about 30 min in the dark at room temperature. Post, incuba-
tion, the absorbance was measured at 515 nm using a UV 
Visible spectrophotometer. Methanol was employed as a 
negative control and Ascorbic acid with varying concentra-
tions was employed as a standard [25].

Later, around 3 mL of this solution was mixed with 100 
μL of the essential oil at various concentrations ranging from 
100 μg/mL to 1000 μg/mL [26]. Additionally, post-incu-
bation, the absorbance of the sample was taken at 515 nm 
The control was prepared in the same way mentioned above 
without the sample.

The % Free radical scavenging activity was calculated 
using the following formula:

where A blank is the absorbance of the control and A sample 
is the absorbance of the test compound under study. Thus, 
essential oil concentration providing 50% inhibition i.e., 
 IC50, was calculated from the graph plotted. The experiment 
was carried out in a triplet.

2.5.7  Maintenance of cell lines

To assess the essential oil under study’s potential for cyto-
toxicity, three cell lines were used. MCF-7 and HeLa were 
cancerous cell lines, on the other hand, CHO was a normal 
cell line, obtained from National Centre for Cell Science 

%FreeRadical ScavengingActivity =
Ablank − Asample

Ablank

× 100

(NCCS), Pune. Cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 10% Foetal 
Bovine Serum (FBS), Pen-strep as an antibiotic, and were 
maintained in regulated conditions at 37 °C, 5%  CO2, 95% 
air, and 100% relative humidity.

2.5.8  Cytotoxic screening

MTT assay was adopted to screen the cytotoxic potential of 
the DEO as described by Wang et al. [27] with minor varia-
tions. The cells were seeded at a density of 5 ×  104 cells/well 
in 96-well microplates and then were incubated in a  CO2 
incubator at 37° C, 5%  CO2 overnight. After being examined 
under a microscope, the fully confluent cells were treated 
with the essential oil samples at 6 different concentrations, 
and they were then allowed to incubate overnight in the 
presence of the samples in a  CO2 incubator at 37 °C, 5% 
 CO2. Following incubation, the cells were examined under a 
microscope before 10 µL of the 5 mg/mL MTT reagent was 
added to the wells and incubated for 4 h. The medium with 
MTT was then flicked off followed by the introduction of 
formazan crystals which were then dissolved by adding 100 
µL of DMSO. Lastly, the 96-well ELISA plate reader used 
595 nm to detect the absorbance. The tests were carried out 
in triplicate, and the average result was noted. Tamoxifen 
was used as a positive control, while a negative control with 
no cells and only medium was also used.

The following formula is used to calculate the cell inhibi-
tion percentage:

The  IC50 value was quantified using graph tools.

2.5.9  Anti‑biofilm activity

The essential oil was examined for its potential to inhibit 
the formation of biofilm [28] produced by various microbial 
strains; Acinetobacter baumannii, Proteus vulgaris, Escheri-
chia coli, Proteus mirabilis, and Pseudomonas aeruginosa 
which were obtained from MTCC Chandigarh. Specific 
colonies of the sample organisms for the study were iso-
lated from a Nutrient agar medium, which were then inocu-
lated into Luria Bertani Broth. The culture suspension was 
adjusted to 0.5 O.D. according to McFarland Standards.

The crystal violet test was performed in 96-well micro-
titer plates, 100 µL of sterile LB, and an equal amount of 
distilled water was added to the well. Following that, 100 
µL of DEO was also added in each well except for those 
wells which were employed for negative and positive con-
trol. Instead of the sample, 30 µL of chloramphenicol and 
100 µL of sterile distilled water with 200 µL of LB were 

%Inhibition =

[

Asample − Ablank

Acontrol − Ablank

]

× 100
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introduced to the positive and negative control wells, bring-
ing the total capacity to 300 µL. Furthermore, an overnight 
established bacterial culture in LB broth was diluted, and 20 
µL of bacterial suspension with an O.D. of 0.01 measured at 
a wavelength of 600 nm was introduced into the wells hold-
ing the essential oil sample. For bacterial growth and biofilm 
maturation, the plates were subjected to regulated incuba-
tion conditions at 37 °C for 24 h. After which the plates 
were rinsed thrice and then 400 µL of crystal violet dye 
was introduced following incubation at room temperature for 
30–40 min. Before keeping the plates for drying in a hot air 
oven at 40 °C for around 15–20 min, they were first rinsed 
with distilled water multiple times to eliminate unbound dye. 
Lastly, 400 µL of methanol was added to the wells to take 
absorbance at 570 nm in the ELISA plate reader as per the 
method outlined by Cáceres and co-workers [29]. The % 
inhibition was calculated by the following equation:

3  Results and discussion

3.1  Determination of chemical constituents by GC–
MS analysis

Employing Gas Chromatography-Mass Spectroscopy 
(GC–MS), the essential oil of Artemisia pallens revealed a 
wide diversity of chemical compounds [30]. The investiga-
tion resulted in the identification of 14 components, con-
stituting the overall content of the oil, which are illustrated 

I% = (O.Dcontrol − O.Dsample∕O.Dcontrol) × 100

in (Table 1) (Fig. 2). The GC–MS chromatogram revealed 
peaks of the various components present in DEO. The 
essential oil’s most abundant components were identified to 
be 4,5-Dimethyl-Thiazole (20.024%), Endo-2-Norborneol 
(25.561%), Nona-3,6-dien-1-ol (5.378%), 5-Isopropylidene-
3,3-dimethyl-dihydrofuran-2-on (4.594%), Hexahydro-3-(2-
Methyl propyl)-pyrrolo(1,2-A) Pyrazine-1,4-dione(6.007%) 
and Octadecanoic acid (5.106%) each of which with a dif-
ferent retention period. DEO has numerous volatile and 
aromatic components. The presence of isobutyl propion-
ate, Tetradecanoic acid, Octadecanoic acid, Hexahydro-
3-(Phenyl methyl)-Pyrrolo[1,2-A] Pyrazine-1,4-dione in 
Davana essential oil confers antimicrobial action [31, 32]. 
The presence of Nona-3,6-dien-1-ol, Hexahydro-3-(Phenyl 
methyl)-Pyrrolo[1,2-A] Pyrazine-1,4-dione and Hexahydro-
3-(2-Methyl propyl)-pyrrolo(1,2-A)Pyrazine-1,4-dione, 
results in anti-oxidant properties [33, 34], as well as, Endo-
2-Norborneol, 4,5-Dimethyl-Thiazole both are reported to 
have anti-cancer property [35, 36]. Ligustrazine derivatives 
have antiplatelet aggregation activities [37]. Previous stud-
ies have reported that DEO also acts as an aromatic agent 
due to the presence of certain components such as linalool 
and geraniol, which have a sweet floral scent, whereas phy-
tol, phytyl acetate, and Davanone have a floral balsamic and 
fruity scent [38], as well as food additive agent due to phytol. 
Because of its qualities, this essential oil has the potential to 
be employed in the pharmaceutical industry and, owing to its 
many capabilities, might become a cosmeceutical product.

Table 1  Chemical composition of Artemisia pallens essential oil

Sr No. Compound name Rt (mins) Molecular 
weight

% Area Molecular composition

1 Isobutyl propionate 1.98 130 2.665 C7H14O2

2 2-Methyl,1,3-Propandediol,dipropaanoate 2.06 202 4.819 C4H10O2

3 4,5-Dimethyl-Thiazole 5.82 113 20.024 C5H7NS
4 Ligustrazin 5.92 136 3.207 C8H13ClN2

5 Dodeca-(2E,6Z)-dienal 12.41 180 1.672 C12H20O
6 Endo-2-Norborneol 14.3 112 25.561 C7H12O
7 Nona-3,6-dien-1-ol 14.66 140 5.378 C9H16O
8 4-Methyl-cyclohex-2-en-1-ol 14.85 112 2.380 C7H12O
9 (Z)-3-Methyl-4-Undecene 15.35 168 0.520 C12H24

10 5-Isopropylidene-3,3-dimethyl-dihydrofuran-2-on 16.59 154 4.594 C9H14O2

11 Hexahydro-3-(2-Methyl propyl)-pyrrolo(1,2-A)
Pyrazine-1,4-dione

17.78 210 2.632 C14H16N2O2

12 Tetradecanoic acid 18.96 228 4.348 C14H28O2

13 9-Heptadecanol 20.88 256 6.581 C17H36O
14 Octadecanoic acid 21.17 284 5.106 C18H36O2



500 Journal of Umm Al-Qura University for Applied Sciences (2023) 9:494–507

1 3

3.2  TG–DTA analysis of DEO

To comprehend the thermal behavior of the essential oil 
under evaluation, it was subjected to synchronous TG–DTA 
thermal analysis methodologies. In the case of Differential 
thermogravimetric analysis, the thermogram obtained is 
displayed in (Fig. 3). It can be observed that the DTA curve 
initially shows fluctuations from the temperature of 50 °C 
to 150 °C. In the second temperature region between 200 °C 
and 220 °C, the phase transition is seen with an onset at 
temperature 201.1 °C and with a complex peak observed 
at 214.4 °C, having a complex peak area of − 3.611 J/g. 
The curve stabilizes after 310 °C indicating an exothermic 

reaction. The high temperature in the DTA evaluation sug-
gests that perhaps the sample is very stable and has high-
temperature endurance. The percentage of mass loss of the 
sample at different temperatures was understood through 
TGA analysis. (Fig. 3) represents the thermogram of the 
DEO. The onset temperature point for the mass loss was 
observed at 202.2 °C until 350 °C. The curve does, however, 
stabilize after that. It could be assumed that certain mol-
ecules of the essential oil could be thermally decomposed 
to new substances. The data demonstrate that DEO shows 
greater mass loss at higher temperatures, which could be due 
to its strong thermal stability.

Fig. 2  GC–MS Chromatogram

Fig. 3  TG–DTA analysis of 
Artemisia pallens essential oil
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3.3  Calorimetry profile of DEO

The calorimetry profiling of DEO through Differential 
Scanning Calorimetry analysis revealed the thermogram, in 
(Fig. 4). It can be observed that as the temperature is raised 
the heat flow within the sample is sharply decreased in a 
temperature ranging from 25 °C to 178 °C displayed by an 
endothermic trough, at 174 °C with a heat flow of − 1.401 
W/g. As the temperature is further increased, then there is a 
sudden exponential increase in the heat flow of the sample in 
a temperature range of 180 °C to 225 °C, showcasing an exo-
thermic shift with a heat flow of − 0.1095 W/g at 207.63 °C. 
Furthermore, a linear increase is observed till 371.51 °C 
having a heat flow of 0.2988 W/g. This thermogram shows 
the heat profile of the essential oil when subjected to escalat-
ing temperatures, demonstrating the oil’s thermal endurance.

3.4  Anti‑microbial potential

3.4.1  Antimicrobial sensitivity determination

The study evaluated the capability of DEO against 17 
microbial species by analyzing the zone of inhibition. The 
essential oil was shown to have antibacterial action against 
the strains under investigation, illustrated in (Table 2). The 
experimental results suggest that DEO was most effective 
against Klebsiella pneumoniae and Enterococcus faecalis 
bacterial strains. However, the highest activity was seen in 
the case of Klebsiella pneumoniae with a zone of inhibi-
tion of (21 ± 0.06 mm). There were other bacterial species 
including Enterococcus hirae, Propionibacterium acne, Pro-
teus Mirabilis, Pseudomonas aeruginosa, and Streptococcus 

pneumoniae, that showed a moderate zone of clearance. In 
the study, the least activity was seen in the case of Strepto-
coccus pyogenes, with an inhibitory zone of (13 ± 0.07 mm). 

Fig. 4  DSC analysis of Artemi-
sia pallens essential oil

Table 2  Antibacterial evaluation of essential oil obtained from Arte-
misia pallens 

Sr. No. Strain name Zone of inhibition (mm)

Positive control Microbial strain

Bacterial strains
 1 Enterococcus faecalis 26 ± 0.06 19 ± 0.06
 2 Enterococcus hirae 21 ± 0.05 16 ± 0.05
 3 Propionibacterium 

acnes
29 ± 0.04 17 ± 0.05

 4 Proteus Mirabilis 21 ± 0.05 15 ± 0.06
 5 Staphylococcus epider-

midis
18 ± 0.06 17 ± 0.04

 6 Streptococcus pyogenes 14 ± 0.07 13 ± 0.07
 7 Streptococcus pneumo-

niae
13 ± 0.04 15 ± 0.05

 8 Escherichia coli 30 ± 0.05 18 ± 0.06
 9 Klebsiella pneumoniae 30 ± 0.07 21 ± 0.06
 10 Pseudomonas aerugi-

nosa
23 ± 0.03 17 ± 0.06

Fungal strains
 1 Candida Albicans 16 ± 0.06 12 ± 0.05
 2 Malassezia furfur 24 ± 0.04 14 ± 0.05
 3 Aspergillus niger 27 ± 0.06 23 ± 0.06
 4 Trichophyton rubrum 23 ± 0.07 19 ± 0.07
 5 Microsporum gypseum 29 ± 0.06 23 ± 0.05
 6 Fusarium oxysporum 27 ± 0.04 22 ± 0.06
 7 Fusarium moniliforme 20 ± 0.06 19 ± 0.05
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Whereas, considering fungal strains; the smallest zone of 
inhibition was observed in the case of Candida Albicans 
having an inhibition zone of (12 ± 0.05 mm). The essential 
oil was highly effective against three fungal species Asper-
gillus niger, Microsporum gypseum, and Fusarium oxyspo-
rum. However, the highest zone of inhibition was observed 
against the Microsporum gypseum possessing a zone of 
clearance of (23 ± 0.05 mm).

3.5  Determination of minimum inhibitory 
concentration

Interpreting the data obtained through the MIC, which is 
displayed in (Table 3). It can be said that among the various 
fungal and bacterial species, potential activity was observed 
against 2 bacterial species: Propionibacterium acnes, and 
Escherichia coli with MIC values of (31.25 ± 0.04 μg/mL) 
and (31 ± 0.03 μg/mL), respectively. The least activity of 
DEO was seen in the case of Klebsiella pneumoniae with a 
MIC value of (250 ± 0.05 μg/mL). On the other side, Fusar-
ium moniliforme was the most susceptible fungal strain with 
a MIC of (31.25 ± 0.03 μg/mL), and the highest resistance 
was shown by Candida Albicans with a minimal concentra-
tion of (125 ± 0.02 μg/mL). The activity of DEO against 
Mycobacterium tuberculosis (H37Rv) was observed at a 
MIC of 62.5 μg/mL.

The result from the above data suggests that the anti-
microbial potential depends on the concertation and types 
of organisms employed for the study. Previous authors 
have suggested that essential oil mainly shows antimicro-
bial action by affecting the cytoplasmic membrane of the 
cells [39]. Previous research has linked DEO’s antibacterial 
potential to the presence of Hexahydrofarnesyl acetone [40] 
and Davanone [41]. Previous studies have also suggested 
that Geranyl acetate which is present in DEO possesses anti-
fungal potential [42]. Authors have also worked on Artemi-
sia annua species [43], which has demonstrated possible 
antimicrobial potential against a variety of microbial strains, 
some of which are similar to ours, with positive findings.

3.6  Anti‑malarial potential of DEO

The genus Artemisia includes key therapeutic plants that are 
currently considered the focus of phytochemical research, 
owing to their biological and chemical complexity, as well as 
their capacity to make essential oils [44]. Malaria is one of 

Table 3  Determination of minimum inhibitory concentration of the 
essential oil

Sr. No. Strain name MIC (µg/mL)

Bacterial Strains
 1 Enterococcus faecalis 62.5 ± 0.05
 2 Enterococcus hirae 125 ± 0.02
 3 Propionibacterium acnes 31.25 ± 0.04
 4 Proteus Mirabilis 62.5 ± 0.06
 5 Staphylococcus epidermidis 125 ± 0.05
 6 Streptococcus pyogenes 125 ± 0.05
 7 Streptococcus pneumoniae 62.5 ± 0.02
 8 Escherichia coli 31.25 ± 0.03
 9 Klebsiella pneumoniae 250 ± 0.05
 10 Pseudomonas aeruginosa 125 ± 0.02

Fungal strains
 1 Candida Albicans 125 ± 0.06
 2 Malassezia furfur 62.5 ± 0.05
 3 Aspergillus niger 62.5 ± 0.05
 4 Trichophyton rubrum 32.5 ± 0.04
 5 Microsporum gypseum 125 ± 0.04
 6 Fusarium oxysporum 62.5 ± 0.02
 7 Fusarium moniliforme 31.25 ± 0.03

Table 4  Anti-malarial 
evaluation of essential oil 
obtained from Artemisia pallens 

Standard Drugs  IC50 value Artemisia 
pallens 
essential oil

Drug resistant Plasmodium 
falciparum

Drug sensitive Plasmodium 
falciparum

Concentra-
tion (µg/
mL)

% Inhibition IC50Value % Inhibition IC50Value

Chloroquine 0.020 μg/mL 0.14 18 ± 0.04 1.98 μg/mL 21 ± 0.04 1.34 μg/mL
Quinine 0.268 μg/mL 0.2 29 ± 0.05 26 ± 0.06

0.4 37 ± 0.02 35 ± 0.06
0.8 47 ± 0.04 41 ± 0.04
1.0 62 ± 0.03 45 ± 0.05
1.2 77 ± 0.06 51 ± 0.04
1.6 84 ± 0.05 58 ± 0.05
2.0 92 ± 0.06 67 ± 0.04
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the major public health problems in many developing coun-
tries today, and it is one of the deadliest infections produced 
by Anopheles mosquitoes [45]. The anti-plasmodial activ-
ity of Artemisia pallens essential oil was examined against 
drug-resistant and drug-sensitive strains of Plasmodium fal-
ciparum, and the  IC50 value was quantified. The  IC50 value 
of Davana essential oil is mentioned in (Table 4). The mini-
mal inhibitory concentration value against drug-sensitive 
Plasmodium falciparum was 1.34 μg/mL, whereas the drug 
concentration predicted to suppress 50% of the cells against 
the drug-resistant strain was 1.98 μg/mL. Survival vs. essen-
tial oil concentration is depicted schematically in (Fig. 5). In 
other research findings, Artemisia annua was shown to be 
a potential antimalarial agent against chloroquine-resistant 
malaria, and the dichloromethane extracts of both Artemisia 
spicigera and Artemisia scoparia have been found to have 
an antimalarial action with an  IC50 of 0.7780 mg/mL [45].

3.7  Antioxidant activity of DEO

In the current study, the potential of DEO to scav-
enge free radicals was examined through the DPPH 

(2,2′-diphenyl-1-picrylhydrazyl) assay. The essential oil 
neutralizes free radicals in a dose-dependent manner, as 
given in (Table 5). It can be seen that the oil showed the 
least activity of 61.52 ± 0.03% at the 0.1 mg/mL concentra-
tion range. Meanwhile, the highest capacity to capture free 
radicals was exhibited at a concentration of 1 mg/mL with 
(80.78 ± 0.04%) inhibition. Figure 6 illustrates the graphi-
cal representation of the antioxidant capacity along with 
the  IC50 value of 0.55 mg/mL. The antioxidant potential of 
the DEO was owing to the presence of certain molecules 
like Davanone [46] and Dimethyl fumarate [47], along 
with components such as Hexahydro-3-(Phenyl methyl)-
Pyrrolo[1,2-A] Pyrazine-1,4-dione which were confirmed 
by our GC–MS analysis. Previously, studies have been con-
ducted on similar lines to demonstrate the antioxidant capac-
ity of the methanol extract of Artemisia pallens with an  IC50 
value of 292.7 µg [48].

3.8  Cytotoxic potential to inhibit cell lines

The potential of the DEO against three cell lines was evalu-
ated using MTT Assay, where these cell lines were subjected 
to varying concentrations of the essential oil (5, 10, 20, 40, 
60, 80, and 100 µg/mL), under-regulated conditions. The 
DEO showed anticancer activity against cancerous cell lines, 
HeLa, and MCF-7 with an  IC50 value of 45.4 µg/mL and 
37.1 µg/mL, respectively. However, the action towards CHO, 
a non-cancerous cell line was observed to have an  IC50 value 
of 21.6 µg/mL, which is illustrated in (Table 6). Figure 7 
depicts the graphical format of DEO activity towards the cell 
lines taken under study. The capacity of the DEO to inhibit 
the cell lines could be attributed to the presence of Geranyl 
acetate [49], Dimethyl fumarate [50], and Davanone [51].

Previously, studies on Artemisia Indicia essential oil have 
been conducted which revealed its potential cytotoxic activ-
ity against cancer cell lines [52]. Other studies have shown 

Fig. 5  Anti-malarial activity of Artemisia pallens essential oil

Table 5  DPPH Free Radical Scavenging activity of essential oil 
obtained from Artemisia pallens 

Concentration 
(mg/mL)

% Free radical scaveng-
ing activity of DEO

% Free radical scavenging 
activity of ascorbic acid

0.1 61.52 ± 0.03 62.73 ± 0.02
0.2 62.62 ± 0.02 63.10 ± 0.04
0.3 64.00 ± 0.05 65.49 ± 0.07
0.4 66.79 ± 0.03 68.19 ± 0.06
0.5 68.30 ± 0.06 70.83 ± 0.03
0.6 70.90 ± 0.03 71.09 ± 0.02
0.7 73.13 ± 0.04 74.82 ± 0.01
0.8 76.09 ± 0.03 78.76 ± 0.09
0.9 77.81 ± 0.03 79.65 ± 0.08
1.0 80.78 ± 0.04 81.02 ± 0.05
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Fig. 6  Anti-oxidant activity of Artemisia pallens essential oil
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the cytotoxic significance of ethanolic extract, bioactive 
fractions, and sub-fractions of Artemisia nilagirica towards 
3 cell lines out of which MCF-7 is common with our study 
[53]. Numerous studies revealed that a large proportion of 
sesquiterpenes seems to be accountable for the anticancer 
effect [54].

3.9  Capability of the DEO to inhibit biofilm 
formation

The ability of the essential oil to prevent the formation of 
biofilm made by various microbial strains was examined 

by using a crystal violet assay. The essential oil’s activity 
against the range of organisms was seen with different effi-
ciencies, which is depicted in (Table 7). If the percentage 
inhibition findings are between 0 and 100%, biofilm inhi-
bition takes place, according to currently known standards 
[55]. Meanwhile, if the figure is less than 0%, this indicates 
the development of biofilm. If the inhibition values are above 
50%, the action is regarded as good, however, if the percent 
inhibition is within the range of 0% and 50%, it is consid-
ered bad. From the table, it can be estimated that the biofilm 
inhibition percentage is above 50% at concentrations of 80 
and 100 μg/mL for every selected microbe, which signifies 

Table 6  % Evaluation of the cytotoxic activity of essential oil obtained from Artemisia pallens 

Concentration 
(μg/mL)

HeLa MCF-7 CHO

% Inhibition IC50 Value % Inhibition IC50 Value % Inhibition IC50 Value

5 2.83 ± 0.03 45.38 ± 0.01 μg/mL 3.86 ± 0.03 37.1 ± 0.04 μg/mL 17.04 ± 0.02 21.61 ± 0.08 μg/mL
10 4.37 ± 0.04 8.45 ± 0.03 31.70 ± 0.02
20 15.08 ± 0.05 19.48 ± 0.04 49.37 ± 0.05
40 40.70 ± 0.03 52.62 ± 0.05 97.19 ± 0.06
60 96.32 ± 0.08 79.89 ± 0.06 98.54 ± 0.07
80 96.92 ± 0.03 94.78 ± 0.04 98.12 ± 0.05
100 96.49 ± 0.06 97.56 ± 0.04 98.33 ± 0.08

Fig. 7  Cytotoxicity of Artemisia pallens essential oil

Table 7  Evaluation of Biofilm 
inhibition capability of essential 
oil obtained from Artemisia 
pallens 

Concentration 
(μg/mL)

% Percentage biofilm inhibition

(A) Acinetobacter 
baumanni

(B) Proteus 
mirabilis

(C) Proteus 
vulgaris

(D) Pseudomonas 
aeruginosa

(E) 
Escheri-
chia coli

10 8.75 4.23 10.78 2.34 14.12
20 17.25 11.56 23.56 13.25 23.45
40 39.45 28.77 35.64 29.45 35.65
60 56.78 39.45 53.48 43.65 48.78
80 68.77 51.78 69.78 61.56 68.78
100 72.43 69.76 82.31 75.86 79.88
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that the DEO is an effective biofilm development inhibitor. 
The capacity to prevent biofilm formation was seen against 
Proteus vulgaris with the highest % inhibition of 82.31%. 
However, the least effectiveness was observed against Pro-
teus mirabilis with 69.76% biofilm inhibition. The potential 
to inhibit 50% of biofilm development as  IC50 value was 
quantified and it was noticed that the least  IC50 value of 
49.5 µg/mL was seen for Proteus vulgaris, which portrays 
that the DEO inhibits the development of biofilm against it 
most efficiently when compared with other test microbes. 
(Fig. 8), depicts the graphical representation of biofilm inhi-
bition along with  IC50 values. From this experiment, we may 
infer that the type of organism used with the same oil affects 
how much biofilm inhibition occurs.

These essential oils are thought to prevent the growth of 
biofilms by interfering with their growth processes. Previous 
studies have shown that essential oils with high concentra-
tions of monoterpenes or phenylpropanoids can effectively 
suppress the growth of biofilm [56].

4  Conclusion

On a brief note, our study investigated the potential of his-
torically useful Artemisia pallens essential oil as a poten-
tial replacement for synthetic drugs that are known to have 
adverse consequences on an individual’s health. Essential oil 
under study demonstrated moderate antioxidant capacity and 
potential antimicrobial activity against 17 microbial strains, 
which showcases its effectiveness on a range of microorgan-
isms. Promising outcomes were observed when the cytotoxic 
potential of the essential oil against HeLa, MCF-7, and CHO 
cell lines was determined. The effectiveness of the oil was 
also evaluated against two pathogens namely, Plasmodium 

Falciparum and Mycobacterium tuberculosis with positive 
findings. Thermal analysis of the oil established evidence 
for its thermal stability, while the GC–MS study recognized 
bioactive components with pharmacological relevance. Tak-
ing everything into account, the essential oil extracted from 
Artemisia pallens has a huge potential to be employed as 
a pharmacological entity and it might also be beneficial in 
other industries owing to its numerous activities.
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