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Methods: The Elettaria cardamomum essential oil was
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MS; TG-DTA. and FT-IR analysis were further carried out for the detailed

familiarity of the fatty acid and functional group composi-
tion in the essential oil. Furthermore, thermal characteriza-
tion was carried out by employing TG-DTA and DSC tech-
niques. The bioactive potential of the essential oil was also
examined by determining the antibacterial activity against
drug-resistant microorganisms. In addition to the Anti-tu-
bercle and anti-malarial activity, Anti-biofilm activity was
also examined. The free radical scavenging potential of the
oil was evaluated using the DPPH assay. Further, the essen-
tial oil was subjected to MTT assay in order to determine its
anticancer potency against Hela cell line.
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Results: The Elettaria cardamomum essential oil was
characterized by the presence of terpenoids (49.21%); or-
ganic compounds (16.41%) and Fatty acids (7.46%). Moder-
ate results were observed for antimicrobial and antibiofilm
analyses against the selected test organisms as well as for
Mycobacterium tuberculosis and Plasmodium falciparum.
In addition to the moderate results for free radical scaveng-
ing activity, TG-DTA and DSC profiling of the essential oil
accounted for its thermal stability and endurance against
temperature variance. MTT assay evaluated the anticancer
activity of the essential oil against the Hela cell line exhibit-
ing IC50 value of 38.02 pg/mL.

Conclusion: This study suggests a possible wide range of
usage of the Elettaria cardamomum essential oil as a non-
toxic substitute for the synthetic and chemical components
employed in the food and pharmaceutical industries.

Introduction

Elettaria cardamomum (L.) Maton is a herbaceous perennial
plant belonging to the Zingiberaceae family. It is also known as
the “Queen of Spices” since, it is the third most valuable spice
after vanilla and saffron [1,2]. The widespread usage of carda-
mom as a main ingredient in worldwide cuisines, as well as the
age-old tradition of employing cardamom spices in medicine,
demonstrates the spice’s appeal. In South Indian Ayurvedic
medicine, the cardamom mixture “Eladigana chooranm” is of-
ten used to treat arthritis, congestion, and itching. Also, crushed
cardamom capsules are boiled with tea and water to give a
pleasant scent to tea, which is known as “Elakkai tea” and has
traditionally been used to treat fatigue and depression [2]. In
traditional medicine, Elettaria cardamomum essential oil has
been used as flavouring agent and as preservative in food items
implying that the phytoconstituents isolated from it would also
have similar bioactive potential [3].

Principal bioactive metabolites of Elettaria cardamomum es-
sential oil are responsible for its distinctive strong aroma.
These metabolites belong to various chemical classes including
alcohols, ethers or oxides, aldehydes, ketones, esters, amines,
amides, phenols, heterocycles, and mainly the terpenes [4].
Antioxidant, anti-inflammatory, antidiabetic, anticancerous,
antibacterial, antiviral, and gastroprotective effects are all pos-
sible pharmacological and therapeutic capabilities of its major
ingredients [5]. Recent studies indicate that such volatile com-
pounds present in the Elettaria cardamomum essential oil play
a significant role in the symptomatic management of oxidative
stress that causes irreparable damage in neurodegenerative
diseases such as Alzheimer’s Disease and Parkinson’s Disease.
It also plays a significant role in mood elevation by engaging the
limbic system and the stimulation of the Dopaminergic, Cholin-
ergic and Adrenergic neurones [6].

The essential oils extracted from Elettaria cardamomum are
classified as GRAS (Generally Regarded as Safe). As pharmaco-
logical doses for diverse activities would range greatly from the
minute amounts that are regarded organoleptically acceptable,
it is critical that the bioactive compounds of Elettaria cardamo-
mum be harnessed for their therapeutic potential [7].

Elettaria cardamomum essential oil can be used as food pre-
servative and additive by the virtue of its antimicrobial activity.
Microbial contaminants such as fungi and bacteria, have the

tendency to deteriorate food quality by releasing metabolic tox-
ins and increasing chances of human health hazards. Essential
oils have also been reported to inhibit the mycotoxins released
by pathogenic fungi and inhibit growth of organisms responsi-
ble for food spoilage. The use of synthetic and semi-synthetic
preservatives carries the risk of bioaccumulation, endocrine dis-
ruption and also result in environmental challenges due to their
non-biodegradable nature [8]. Synthetic chemicals employed as
food preservatives pose a risk due to their bio-incompatibility
and non-biodegradability. As a result of their eco-friendliness
and biocompatibility, plant-based antimicrobials, such as es-
sential oils, have sparked interest as a viable alternative to syn-
thetic preservatives.

The Elettaria cardamomum essential oil has also been evalu-
ated for its anti-microbial activity against human pathogens.
Pathogenic microorganisms are constantly evolving into multi-
drug resistant strains, thus, posing a serious threat to human
health and quality of life. as a result, research for new antimi-
crobials from natural sources has been encouraged [9]. Elettaria
cardamomum essential oil has also been helpful in inhibiting
the growth of foodborne pathogens like Salmonella spp., E. coli
0157:H7, and Listeria monocytogenes.

Essential Oils successfully pass through the lipid bilayer of
cell membranes due to their hydrophobic/lipophilic nature, in-
terfering with ion transport, leakage of cellular components,
alteration in proton motive force-mediated electron flow, and
eventually lead to cell death [10]. Mechanisms of action for
inhibiting the food spoilage and drug resistant pathogens by
Elettaria cardamomum essential oil include deleterious effects
on cellular membranes affecting their permeability and leak-
age of cytoplasmic materials (DNA, RNA, and Proteins).(8) The
Elettaria cardamomum essential oil extract was tested against
a wide range of pathogenic bacteria including several drug re-
sistant strains including MRSA. It inhibited Methicillin Resistant
Staphylococcus aureus biofilm by causing changes in cellular
metabolism, extracellular polymer content and relative expres-
sion of MRSA biofilm formation related genes [11].

The objective of this study is to understand more about the
phytochemical composition of Elettaria cardamomum essential
oil, along with its therapeutic and food preservation properties.
The essential oil was extracted from cardamom seeds using
the hydro-distillation process. The phytochemical components
were investigated using GC-MS. Thermal stability of the oil was
examined using thermo analytical methods such as TG-DTA and
DSC. The fatty acid content of the essential oil was determined
using FAME analysis and GC-MS. Antimicrobial, antitubercle,
antimalarial, antioxidant, anticancer, and antibiofilm activities
of the essential oil were also evaluated.

Materials and methods
Sample collection and extraction

The Elettaria cardamomum fruit capsules obtained from a
local market in Mumbai, India were used to extract the essential
oil. The extraction procedure was carried out at a research facil-
ity using Clevenger hydro-distillation method [12]. Any residual
moisture that might have been present in the generated oil
was eliminated using anhydrous sodium sulphate. The oil was
stored at 4 °C in the dark until an experiment was conducted.
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GC-MS Analysis

A Gas Chromatography-Mass Spectrometry (GC-MS) analysis
was used to identify the components of the Elettaria cardamo-
mum essential oil extracted from cardamom fruit capsules. The
analysis was performed using, a Shimadzu GCMS-QP2010 sys-
tem, which included a Gas Chromatogram coupled with a Mass
Spectrometer, Rtx-5ms column with 5% diphenyl/ 95% dimethyl
polysiloxane composition, 30 m long capillary column with an
internal diameter of 0.25 mm and a film thickness of 0.25 pum.
In the GC-MS analysis, an electron ionization device in electron
impact mode with an ionisation energy of 70 eV was used. The
operation employed helium (99.999 %) as a carrier gas, with a
uniform flow rate of 14 mL/minute and an injection volume of
1 pL, including a split ratio of 10. Considering the temperature
regulations, the injector temperature and ion-source tempera-
ture were held at 250°C and 220°C respectively. While the oven
temperature was adjusted at 70°C for 1 minute with an isother-
mal condition. Later, an increase up to 260°C with 10 minutes
of’ isothermal condition was witnessed. The entire analytical
procedure was of 42 minutes. Mass spectra in the range of 50
to 650 m/z were obtained at 70 eV. Several constituents of Elet-
taria cardamomum essential oil were determined by evaluating
their mass spectra with those from the Wiley and NIST libraries,
including those mentioned by R. P. Adams [13] and comparing
their retention indices.

FAME Analysis

FAME Analysis was conducted in accordance with the meth-
od described by (Lall et al., 2009) with a few modifications. A
weighing balance was used to accurately weigh 100 mg essen-
tial oil in 50mL centrifuge tubes using a class-A pipette. To this,
1mL of toluene and 5mL of 0.5 M sodium methoxide-were add-
ed and then purged with nitrogen gas. The centrifuge tube was
heated in a water bath for 50 minutes prior to getting cooled for
5 minutes. Consequently, 0.2 mL glacial acetic acid was added
to the centrifuge tube to restrict the production of sodium hy-
droxide as that could hydrolyse methyl esters to free fatty ac-
ids. Lastly, the centrifuge tubes were filled with 5mL distilled
water, followed by 1mL of hexane, and vortexed for 2 minutes.
In a 7mL glass ampoule, the hexane layer was extracted and
dried over sodium sulphate for approximately 20 seconds. This
approach required a total of 30 minutes for FAME preparation
prior to GC-MS analysis.

The generated FAME was GC-MS analysed using a Shimadzu
GCMS-QP2010 system, which included a Gas Chromatograph
interfaced to a Mass Spectrometer, a capillary column with a
length of 30 m, an internal diameter of 0.32 mm, and a film
thickness of 0.25 m. An electron ionisation device in electron
impact mode with an ionisation energy of 70 eV was used for
GC-MS detection. Helium gas (99.999 %) was utilised as a car-
rier gas at a column flow rate of 3 mL/minute, the injector tem-
perature was held at 250°C, and an injection volume of 1L with
a split ratio of 50 was used. The Gas chromatographic process-
ing conditions began with the initial oven temperature of 120°C
maintained for 1 minute before being heated at 170°C at a rate
of 20°C/min, following another temperature increase to 210°C
at a rate of 3°C/minute, and thereafter temperature raised to
250°C at a rate of 20°C/min and held for 10 minutes. Mass spec-
tra were obtained at 70 eV ranging from 40 to 500 m/z. The
components were determined by comparing their mass spectra
to those of the Wiley and NIST libraries [14], as well as those
described by R. Adams, 2007 [15], and by comparing their re-
tention indices to those of the literature.

FTIR Analysis

Before adding a drop of sample to a clean KCl pellet, the Shi-
madzu IRPRESTIGE 21 Fourier transform infrared spectrometer
was warmed and stabilized. The second salt pellet was then
placed onto the KCl pellet for uniformly tiling the oil sample be-
tween two KCl pellets. After gently rotating the KCl pellets to
generate a uniform liquid membrane and placing them in the
infrared spectrometer sample holders, the infrared spectrom-
eter was set to absorbance with a resolution of 1 cm™ and a
45-time repetition scan. The extracted oil’s infrared absorption
spectra were obtained over the spectral range 4000-400 cm™
in the design environment. The resolution of the measurement
was 4 cm with 45 spectral accumulations.

Thermogravimetric and Differential Thermal Analysis (TG-
DTA)

Thermogravimetric and differential thermal analysis was car-
ried out for the acquired essential oil using STA 2500 instrument,
NETZSCH, Germany. The analysis was performed in a nitrogen
gas atmosphere with flow rate 300 mL/minute. The essential
oil sample weighing 18.492 mg was placed in an aluminium cru-
cible. Subsequently, the sample was heated till 500°C under a
persistent flow rate of 5.5°C/minute.

Differential Screening Calorimetric Analysis

Thermal analysis was carried out utilising differential scan-
ning calorimetry (DSC) thermal analyzer (LINSEIS. DSC model P
10.). For the experiment, 5 mg of sample was placed in alumin-
ium crucibles. The samples were analysed using a nitrogen gas
flow rate of 40 mL/minute. Heating temperatures ranged from
25 °C to 375 °C, with a heating rate of 10°C/minute.

Antimicrobial activity
Preparation of microbial strains

The microbial strains employed in this study included 9 test
organisms out of which Carbapenem-Resistant Acinetobacter
spp, Carbapenem-Resistant Pseudomonas aeruginosa, Carbap-
enem-Resistant Escherichia coli, Carbapenem-Resistant Klebsi-
ella pneumonia, Extended Spectrum beta-lactamase Escherich-
ia coliand Quinolone-Resistant Salmonella were gram negative
whereas Vancomycin-Resistant Enterococci, Methicillin-Resis-
tant Staphylococcus aureus, Erythromycin-Resistant Streptococ-
ci were gram positive. These bacterial strains were cultivated on
Mueller Hinton agar for 24 hours at 37°C.

Determination of Minimum Inhibitory Concentration (MIC)
of microbial isolates

The micro broth dilution assay was used to obtain the mini-
mal concentration of the Elettaria cardamomum essential Qil
required to inhibit the test bacterial isolates and the process
was carried out using 96-well microtiter plates [16]. According
to the McFarland standard, the microbial suspensions were ad-
justed to get 1.0 x 10° CFU/ml. In order to achieve the necessary
concentrations, the essential oil was dissolved in a 5 % DMSO
and 0.1 % polysorbate-80 (1 mg/mL) solvent mixture before be-
ing introduced to 100 pL of Luria Bertani medium with a 1.0 x
10* bacterial inoculum. The inoculated plates were incubated
for 24 hours at 37 °C. After incubation, 5 pL of Resazurin dye
(2 mg/mL) was added to each well. The production of pink co-
loured resorufin, a product of resazurin reduction indicates mi-
crobial growth.
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Determination of anti-tubercle potential

In vitro, Anti tubercle Activity of Elettaria cardamomum
essential oil was evaluated against a susceptible strain of My-
cobacterium tuberculosis (H37Rv) obtained from the National
Institute for Research in Tuberculosis, Chennai, Tamil Nadu.
The Minimum Inhibitory Concentration of the essential oil was
determined using Lowenstein and Jensen Method. The Low-
enstein and Jensen (LJ) medium used in the assay was supple-
mented with Potassium dihydrogen phosphate, Magnesium
sulphate anhydrous, Magnesium citrate, Asparagine, Glycerol,
2% Malachite green solution, Distilled water, and Homogenized
egg solution. The essential oil samples were prepared in DMSO
as a stock solution [17]. Two-fold serial dilutions of the same
were prepared in supplemented L.J medium to obtain final con-
centrations of 100, 50, 12.5, 6.25. 3.125, 10, 5, 2.5, 1.25, 8, 4,
2,1, 0.5, 0.25 pg/mL. These dilutions were further inoculated
with a strain of Mycobacterium suspension whose concentra-
tion was equivalent to the McFarland standard and incubated
at 37°C with regular monitoring for growth. The reference My-
cobacterium tuberculosis (H37Rv) strain was tested against Iso-
niazid as a standard drug with a concentration of 0.2 pg /L [18].

Evaluation of anti-biofilm activity

In vitro anti-biofilm activity of Elettaria cardamomum essen-
tial oil was determined against Staphylococcus epidermidis, Pro-
teus mirabilis, Klebsiella pneumoniae, Pseudomonas aerugino-
sa, Escherichia coli, Enterococcus faecalis, and Staphylococcus
aureus by employing the crystal violet assay [19]. An isolated
colony was picked from the test organisms’ isolation on the Nu-
trient Agar medium and inoculated into the Luria Bertanii (LB)
broth. The optical density of the culture suspension was cali-
brated to 0.5 O. D. in accordance with McFarland Standard. Fur-
thermore, a sterile 96-well microtiter plate was filled with ster-
ile distilled water, 100 uL of LB broth, and 100 pL of an essential
oil sample. 200 pL of LB broth was maintained as a negative
control and 50 pL of Chloramphenicol (30 mg/mL) with 150 pL
of LB broth was used as a positive control. Each well contained
100 pL of the essential oil sample, and a 20 pL bacterial sus-
pension with a final OD_  of 0.01 was added after it had been
diluted with an overnight culture produced in LB broth. To allow
bacterial growth and biofilm formation, the plates were incu-
bated overnight at 37 °C for 24 hours under static conditions.
Post incubation, the planktonic cells and the utilised medium
were decanted, and the attached biomass was thrice cleaned
with distilled water. Additionally, 400 uL of 1% Crystal violet dye
was used to stain this biomass before the plates underwent a
30- to 40-minute incubation period at room temperature. After
the incubation, the plates were drained and three times rinsed
with distilled water to get rid of the unbound dye. Following
10-20 minute drying period in a hot air oven set to 40°C, 400
pl of methanol was poured into each well on the plate. In an
ELISA plate reader, the optical density was measured at 570 nm,
and the following formula was used to estimate the percentage
inhibition:

(Absorbance of negative control - Absorbance of test)
(Absorbance of negative control)

Percentage inhibition= x100

Evaluation of antimalarial activity

An in vitro anti-malarial assay was performed in a sterile 96-
well microtiter plate in accordance with the method illustrated
by Kotecka B and Rieckmann [20]. Plasmodium falciparum drug-
sensitive and resistant strains were developed in RPMI-1640
medium, which also included 25 mM HEPES, 0.23 % sodium

bicarbonate, 1 % D-glucose, and 10% heat-inactivated human
serum. Exposure with 5% D-sorbitol was used to obtain only
ring-stage parasitized cells, which ended in the synchronization
of drug-sensitive and drug-resistant Plasmodium falciparum.
To carry out the experiment, Jaswant Singh Bhattacharya (JSB)
staining was used to establish an initial ring stage parasitemia
of 0.8 to 1.5 % at 3% haematocrit in a total volume of 200uL
of medium RPMI-1640 and consistently maintained with 50 %
RBCs (O*) in a total volume of 200 pL of medium RPMI-1640
[21]. A 5 mg/mL stock solution of essential oil was made using
DMSO, to which 20 L of parasitized cell preparations was add-
ed, maintaining a range of dilutions from 0.4 pug/mL to 100 pg/
mL in duplicate wells. The culture plates were then incubated at
37°C for 36 to 40 hours in a candle jar. Thin blood smears were
made from each well after incubation and stained with the JSB
stain. The reference drugs for the study were Chloroquine and
Quinine. Microscopic observation of the slides confirmed the
evolution of ring-stage parasites into schizonts and trophozoites
when different concentrations of the test chemicals were used.
The lowest inhibitory concentrations (MIC) that prevented both
Plasmodium falciparum strains from developing into schizonts
were recorded, and the estimated IC, value for each was com-
pared to the standard values.

Evaluation of antioxidant activity

The radical scavenging activity of Elettaria cardamomum es-
sential oil was determined using the free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay [22]. A mixture of 2.0 mL sample, 1
mL of methanol solution containing 0.5 mM DPPH radical, and
1 mL of 0.1 M sodium acetate buffer at pH 5.5 was added. Fol-
lowing adequate mixing, the solutions were kept at room tem-
perature and placed in the dark for 30 minutes. A twin beam
UV-VIS spectrophotometer was used to detect the absorbance
at 515 nm. As a negative control, methanol was employed. A 3
ml aliquot of this solution was mixed with 100 ul of the sample
at concentrations of 100 to 1000 pg/ml. The reaction mixture
was properly mixed and incubated for 15 minutes at room tem-
perature in the dark. The absorbance was determined at 515
nm. For each concentration, the following formula was used to
compute the percentage of DPPH radical inhibition:

(Acontrol - Asample)

percentage inhibition (%) = x 100

Acontrol

The sample concentration that showed 50% inhibition was
obtained by plotting inhibition percentages versus oil sample
concentrations.

Evaluation of anticancer activity

In order to determine cell viability and cell proliferation the
MTT assay was performed. This colorimetric assay relies on
metabolically active cells to convert the yellow tetrazolium salt
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) to purple formazan crystals [23]. In vitro anticancer ac-
tivity of Elettaria cardamomum essential was evaluated against
Human cervical cancer (Hela) cell line. The cell line was ob-
tained from the National Centre for Cell Science (NCCS), Pune
and cultured in Dulbecco's Modified Eagle Medium (DMEM)
containing 10% FBS and antibiotic (Pen-strep). Cells were kept
at 37°C, 5% C0O2, 95% air, and 100% relative humidity, passaged
weekly with the culture medium being replaced twice a week.
Monolayer cells were detached using trypsin-ethylenediamine-
tetraacetic acid (Trypsin-EDTA) to create single cell suspensions,
and viable cells were counted using a haemocytometer and
diluted with FBS medium containing 5% FBS to achieve a final
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density of 1 x 10° cells/mL. 100 pL/well of cell suspension was
seeded onto 96-well plates at a plating density of 10,000 cells/
well and incubated to allow for cell attachment at 37°C, 5% CO2,
95% air, and 100% relative humidity. The cells were treated with
increasing concentrations of oil sample after 24 hours. They
were first dissolved in undiluted dimethyl sulfoxide (DMSO) and
then diluted in serum free medium to provide the 7 concentra-
tions. Final concentrations (5, 10, 20, 40, 60, 80, and 100 g/mL)
were achieved by adding 100 pg/mL of each concentration to
the plate. The final volume achieved in the wells was 200 pL,
and the plates were incubated for 48 hours at 37°C, 5% CO2,
95% air, and 100% relative humidity. Medium with no sample
was considered as the negative control. After 48 hours, 15 pL of
MTT (5 mg/mL) in Phosphate buffered saline (PBS) was added
to each well and incubated for 4 hours at 37°C. The medium
containing MTT was then discarded, and the produced forma-
zan crystals were dissolved in 100 pL of DMSO prior the quanti-
fication at 595 nm using an ELIZA plate reader. The percentage
of cell inhibition was calculated using the following equation:

(Absorbance of sample) 100
(Absorbance of control)

Percentage cell inhibition= {100 - [

Result and discussion

Chemical Composition of Elettaria cardamomum essential
oil

The Elettaria cardamomum essential oil extracted through
hydro-distillation was evaluated using Gas chromatography-
mass spectroscopy (GC-MS) [24]. A total of 67 peaks were ob-
tained through total retention time range of 3.38 to 35.22 min-
utes. The GC-MS profile of the essential oil revealed a diverse
spectrum of compounds, including monoterpenes (23.88%);
sesquiterpenes (22.38%); organic compounds (16.41%); ter-
penes (8.95%), and Fatty acid (7.46%). The major portion of the
essential oil components consisted of (3E)-2,7-dimethyloct-3-
en-5-yne (13.06%), Naphthalene, 1,2,3,5,6,8a- (7.41%), Caryo-
phyllene oxide (6.94%), 3-Cyclopentyl-1-propyne (6.65%), Meth-
yleugenol (6.25%), 1,3,6-Heptatriene, 2,5,6-trimethyl- (6.02%),
Eucalyptol (5.19%), 1,2-Benzenediol, o-(4-butylbenzoyl)-o'-
(2-methylbenzoyl)- (5.02%), trans-4-Methoxycinnamaldehyde
(4.21%), Tetradecanoic acid (3.52%) and many other trace
components. The present research outcomes on the quantifica-
tion of Elettaria cardamomum as a bioactive ingredient were
similar to previous studies that identified 1,8-cineole, -terpinyl
acetate, and linalool as significant molecules [25]. Elettaria car-
damomum essential oil is known to have therapeutic benefits
owing to its antibacterial activity demonstrated by components
such as 1,8-Cineole, 1,3,8-p-Menthatriene, Methyleugenol and
6-Cadinene. (3E)-2,7-dimethyloct-3-en-5-yne, 1,3,6,10-Dodeca-
tetraene, 3,7,11-trimethyl-, (Z,E)-, Benzene, 1,2,3-trimethoxy-
5-(2-propenyl)-, 2,6,10,14-Hexadecatetraen-1-ol, 3,7,11,15-tet-
ramethyl-, acetate, (E,E,E) are some of the compounds which
exhibited anticancer properties whereas the antioxidant activi-
ty observed can be attributed to presence of 4-(2,2,6-Trimethyl-
bicyclo[4.1.0] hept-1-yl)-butan-2-one, 5,9,13-Pentadecatrien-
2-one, 6,10,14-trimethyl-, (E,E)-, Salicylic acid, Cyclohexanone,
5-methyl-2-(1-methylethenyl)-, trans-, Cyclohexanemethanol,
4-ethenyl-.alpha.,.alpha.,4-trimethyl-3-(1-methyl and etc. Thus,
demonstrating an extensive range of applications for Elettaria
cardamomum essential oil in the food, cosmetic, and pharma-
ceutical industries.

FAME analysis of Elettaria cardamomum essential oil

Fatty acid analysis has gained significance as a result of the
perceived growing understanding of the nutritional and health
benefits of lipids [26]. Fatty acid methyl esters (FAME) are gen-
erated from the transesterification of lipids with methanol.
The presence of these fatty acids in the essential oil sample
was determined using GC-MS. The chromatogram (Table 2) on
analysis of the sample presented 27 distinct fatty acid meth-
yl esters. Characterization of the Elettaria cardamomum es-
sential oil showed presence of 1,3-Benzodioxole, 4-methoxy-
6-(2-propenyl)-; Hexadecanoic acid,methyl ester; Benzene,
1,2,3-trimethoxy-5-(2-propenyl)-;  Octadecane, 1-bromo-;
Methyl stearate; Tetradecanoic acid; Decane, 5-ethyl-5-meth-
yl-;  Tetracosane; N-(2-Aminoethyl)-3-aminopropyltrimetho
xysilane; Pentadecanoic acid; Nonadecane, 9-methyl-; Isobu-
tyl 2-(4-methylcyclohex-3-enyl)propan-2-yl carbonate; Isobutyl
2-(4-methylcyclohex-3-enyl)propan-2-yl carbonate; Heptaco-
sane; 9-Hexadecenoic acid ; Hexacosane ; Hexatriacontane ; Scil-
larenin; Glycylglycine ethyl ester; Silane, dimethyl(docosyloxy)
butoxy-; 2-Amino-4-dimethylaminomethylenepentanedinitrile;
4-Methoxymethoxy-hex-1-ene; 5-Hydroxy-2,2-dimethylhexan-
3-one; 6 1-Ethyl-3-[2-(octadecylthio)ethyl]thiourea; 2-[3-In-
dolylmethyllaminoethylthiophosphate;  cis-2,3-Epoxyoctane
and 1-(Methoxymethoxy)-3-methyl-3-hydroxybutane. The larg-
est peak discovered was of 1,3-Benzodioxole, 4-methoxy-6-(2-
propenyl)-, covering a percentage area of 85.54, indicating its
dominance in the essential oil.

Fourier transform infrared spectroscopy of Elettaria carda-
momum essential oil

The infrared spectrum of absorption, emission, and photo-
conductivity of solids, liquids, and gases is obtained using the
Fourier Transform Infrared Spectroscopy (FTIR) technique. It
is employed in the detection of various functional groups in
Elettaria cardamomum essential oil. Changes in chemical func-
tional groups are visible in this spectrum [27]. At 2598.12cm’
and 2926.01cm™?, the S-H of thiol and the N-H stretching band,
respectively can be seen. Aromatic C=C stretching and C=C of
alkenes were detected at the peaks of 1591.27cm™ and 1504.48
cm®. At 1132.21cm, a C-O ester stretch is identified. C-H (al-
kane) stretching is indicated by the peaks at 2872.01 cm™ and
2958.8 cm™, whereas CH, stretching is indicated by the peak at
1454.33 cm™. The presence of vinyl ether and amine groups in
the essential oil is indicated by peaks at 1047.35 cm™ and 781.17
cm™. Alcohol and ether are detected at a peak of 1093.64 cm-
1, At peak 1631.78 cm™, the N-H bending may be seen. S=0
stretching and CH3 -Rock are indicated by the peaks at 1193.94
cm?*and 1184.29 cm™. At peak 1238.3 cm™, C-N stretching is ob-
served. The presence of amine groups is indicated by the peak
at 3381.21 cm™.

TG-DTA Analysis to determine thermal stability of Elettaria
cardamomum essential oil

Thermogravimetric Analysis (TGA) is a technique of monitor-
ing the weight of a substance as a function of time or tempera-
ture under a regulated heating or cooling condition, according
to international standards [28]. TGA examines decomposition/
mass loss across a temperature range, whilst DTA monitors
endothermic and exothermic event temperatures along with
phase transitions. The thermogravimetric and differential anal-
yses are critical for determining the essential oil's stability and
mass loss as temperature rises, as well as identifying the nature
of the reaction that leads to the sample's breakdown or mass
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loss [29]. Thermogravimetric curve (Figure 1) and mass loss of
the essential oil, at varying temperatures, are observed. The on-
set temperature for mass loss was observed to be at 162.4°C
continuing till 250-300°C, followed by the eventual stabilisa-
tion of the curve at a lower point. The analysis demonstrated
higher temperature hold over mass loss denoting thermally
stable and resistant capabilities. The DTA curve began with in-
consistency but showed an onset of a complex peak at 215°C
ending at 237°C further stabilising after 300°C. The DTA peak
achieved at a higher temperature presented itself as an indica-
tive of release of energy from the sample due to component
breakdown via exothermic reaction. Hence showcasing and au-
thenticating the essential oil’s thermal stability and resistance.
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Figure 1: Thermogravimetric-DTA analysis curve of essential oil
extracted from Elettaria cardamomum.

Differential Scanning Calorimetric analysis to establish
Calorimetry profile of Elettaria cardamomum essential oil

Illustrated thermogram in (Figure 2) of Elettaria cardamo-
mum essential oil developed through Differential Scanning
Calorimetry (DSC) unveils its Calorimetric profile. It implies
that as the temperature rises, the heat flow within the sample
diminishes dramatically. This endothermic drop is reported at
temperatures ranging from 25°C to 80°C. At 89°C heat flow of
-0.792, W/g is noted. With the development in temperature
the heat flow reduces substantially, this declines significantly
between 85°C to 175°C. At 169°C, the observed heat flow is
-0.9710 W/g. Heat flow accelerates exponentially with increas-
ing temperature, with an exothermic shift of approximately
180°C and 225°C. At 210.29°C, a heat flow of -0.2291 W/g is
measured. Following this, there is linear progression. This graph
demonstrates the essential oil's endurance across a broad tem-
perature range.
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Figure 2: Calorimetric profiling of essential oil extracted from
Elettaria cardamomum.

Evaluation of Antibacterial potential of Elettaria cardamo-
mum essential oil against resistant bacterial strains

The micro broth dilution technique was used to examine the
antibacterial activity of the essential oil against drug resistant
strains. As seen in (Table 1), all of the tested strains indicated
growth inhibition at varying MIC values. The most susceptible
bacterial strain was Carbapenem Resistant Pseudomonas aeru-
ginosa with a MIC value of 100 + 0.02 pg/mL. Most resistant
strain was Carbapenem Resistant Klebsiella pneumoniae with
a MIC value of 250 + 0.06 pg/mL. Potent activity of essential
oil was seen against Carbapenem Resistant Acinetobacter spps,
Quinolone Resistant Salmonella, and Extended Spectrum Beta
Lactamase bacterial strains with MIC values of 125 + 0.03 pg/
mL, 125 + 0.06 pg/mL, and 126 + 0.07 pg/mL respectively
whereas Methicillin Resistant Staphylococcus aureus (MRSA)
exhibited a MIC value of 250 + 0.02 pg/mL.

Elettaria cardamomum essential oil causes irreparable harm
to MRSA by blurring the surface barrier of the cell wall altering
the structure of the cells, which causes bacterial mortality [11].
Our GC-MS results show that Elettaria cardamomum essential
oil contains a wide range of compounds. 1,8-cineole, one of
the potential components of Elettaria cardamomum extracts is
mono-terpenoid also known as Eucalyptol, which demonstrates
antibacterial activity by promoting cell shrinkage and mem-
brane damage [30]. Additonally, Sabinene, cymene, limonene,
linalool, geraniol, and citral are also some of the components of
Elettaria cardamomum essential oil with antibacterial activity.
2016). The MIC data imply that this oil can routinely aid in limit-
ing the proliferation of foodborne pathogens. As a consequence
of its substantial antibacterial capabilities, Elettaria cardamo-
mum essential Oil plays an important role in the discovery of
novel antibiotics. Moreover, Anti-Tubercle activity of essential
oil was also evaluated using micro-broth dilution method via
evaluating the MIC of the essential oil. The MIC against Myco-
bacterium tuberculosis (H37Rv) was observed to be 12.5 ug/mL
which was relatively higher as compared to the standard.

Table 1: Determination of minimum inhibitory concentration
of Elettaria cardamomum essential oil.

Sr. No. | Code Bacterial Strains MIC (pg/mL)

1 CRA |Carbapenem Resistant Acinetobacter spp 125+0.03
2 CRP |Carbapenem Resistant Pseudomonas aeruginosa 100 + 0.02
3 CRE |Carbapenem Resistant E.coli 250 +0.01
4 CRK |Carbapenem Resistant Klebsiella pneumonie 250 +0.06
5 ESBL |Extended Spectrum beta lactamase E.coli 126 +0.07
6 VRE |Vancomycin resistant Enterococci 200 +0.04
7 QRS |Quinolone resistant Salmonella 125+ 0.06
8 | MRSA Methicillin resistant Staphylococcus aureus 250 +0.02
9 ERS |Erythromycin resistant Streptococci 2500.03

Anti-biofilm Activity of Elettaria cardamomum essential oil

The efficacy of the essential oil to suppress biofilm formation
was evaluated using crystal violet assay. The biofilm inhibition
potential of Elettaria cardamomum essential oil was assessed
employing test cultures of Staphylococcus epidermidis, Proteus
mirabilis, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Escherichia coli, Enterococcus faecalis, and Staphylococcus au-
reus as shown in (Figure 3). The essential oil exhibited promis-
ing potency against all species at concentrations ranging from
10 to 100 pg/mL. Our findings demonstrate that highest bio-
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film inhibition potential of 91.70 % at a concentration of 100
ug/mL was achieved against Klebsiella pneumoniae. Whereas
the lowest capacity to inhibit the biofilm was 66.98 %, exhib-
ited by Enterococcus faecalis at a concentration of 100 pg/mL.
The remaining test cultures, Staphylococcus epidermidis, Pro-
teus mirabilis, Pseudomonas aeruginosa, Escherichia coli, and
Staphylococcus aureus exhibited inhibition levels of 80.97 %,
75.04 %, 77.88 %, 78.12 %, and 70.94 % at the maximum dose,
respectively [31]. At 10 ug/mL, Escherichia coli had the lowest
percentage inhibition (1.04 %) while Klebsiella pneumoniae
had the greatest (56.77 %). As a result, Elettaria cardamomum
essential oil showed good inhibitory effect against Klebsiella
pneumoniae. The propensity to hinder 50 % of biofilm growth
was assessed through an IC_ value, and it was determined that
Klebsiella pneumoniae had the lowest IC. value of 29.30 g/
mL, indicating more effective suppression of biofilm develop-
ment than compared to other test microorganisms. Elettaria
cardamomum essential oil owes its efficacy to compounds
like 4-Methoxycinnamaldehyde [32]. Essential oils regulate
biofilm development by impeding peptidoglycan development
and disrupting microbial membrane structures [33]. Elettaria
cardamomum essential oil damages the biofilm barrier, causing
the bacteria to lose metabolic activity, it negatively influences
biofilm formation by increasing or decreasing the expression of
biofilm-forming genes [11].
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Figure 3: Biofilm inhibition of selected cultures by the essential
oil of Elettaria cardamomum.
(A) Staphylococcus epidermidis, (B) Proteus mirabilis, (C) Klebsi-
ella pneumoniae, (D) Pseudomonas aeruginosa, (E) Escherichia
coli, (F) Enterococcus faecalis, (G) Staphylococcus aureus.

Antimalarial activity of Elettaria cardamomum essential oil

At relatively low concentrations, essential oils are reported
to have antimalarial properties in vitro and in vivo [34]. IC |
values were determined for the anti-plasmodial activity of
Elettaria cardamomum essential oil against drug-resistant and
drug-sensitive strains of Plasmodium falciparum. (Table 2),
shows the IC, value of Elettaria cardamomum essential oil. It
was observed that 4.54 ug/mL of oil concentration suppressed
50% of the cells of Drug-sensitive strain of Plasmodium falci-
parum whereas the oil exhibited IC, of 2.28 ug/mL against
drug-resistant strain of Plasmodium falciparum. (Figure 4) The
molecule B-Pinene-(1S) (-) shows antimalarial activity which is
also confirmed by our GC-MS analysis. Previous research has
shown that when two essential oil are combined, the overall
interaction between them is synergistic, although the degree
of synergism varies. The physical characteristics of essential oil
constituents, such as their low density and lipophilicity, which
permit quick diffusion across cell membranes, enable the an-
ti-malarial formulation to deliver its active chemicals into the
malaria parasite, enabling enhanced targeting. Although their
interaction is dependent on their respective cellular targets, the
final outcome depends on each essential oil [34].
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Figure 4: Evaluation of Antimalarial activity of Elettaria
cardamomum essential oil.

Table 2: Anti-malarial evaluation of essential oils extracted from Elettaria cardamomum.

Elettaria cardamomum essential oil Drug resistant Plasmodium falciparum | Drug sensitive Plasmodium falciparum
Standard Drugs IC_, value Concentration (pug/mL) % Inhibition IC_ Value % Inhibition IC, Value
0.1 18 +£0.04 21+0.04
Chloroquine 0.020 pg/mL
0.2 29+0.05 26 +0.06
2.28 pg/mL 4.54 pg/mL
0.4 37 +0.02 35+0.06
Quinine 0.268 pg/mL
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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Evaluation of Antioxidant potential of the Elettaria carda-
momum

In this study, the ability of the Elettaria cardamomum essen-
tial oil to scavenge free radicals was assessed by a DPPH assay.
The free radicals were captured by the essential oil in a dose-
dependent manner, which is represented in (Table 3). Accord-
ing, to the research findings, the oil sample demonstrated the
highest potential at 1000 pg/mL with 86.41% activity, whereas
the least capacity to neutralize free radicals was observed at
100 pg/mL with 11.20%. The graph depicts the antioxidant po-
tential of Elettaria cardamomum essential oil at different con-
centrations with IC50 value as seen in (Figure 5). The capability
of the oil to scavenge the DPPH free radicals could be attrib-
uted to 1,8-Cineole [35], Eugenol [36], and B-caryophyllene ep-
oxide [37], which were validated by our GC-MS analysis. Pre-
vious studies on Elettaria cardamomum essential oil reported
67.04 £ 0.04% antioxidant activity at 1000 pug/mL, which is con-
siderably less compared to our results [38]. Furthermore, mul-
tiple studies have been carried out on essential oils and their
constituents as a substituent food additive to synthetic antioxi-
dants, like butylated hydroxytoluene, butylated hydroxyanisole,
and propyl gallate, which have been linked to adverse health
consequences in humans [39], and lead to the use of natural
antioxidants in food and pharmaceutical industries.

Table 3: Anti-oxidant potential determination of Elettaria
cardamomum essential oil by DPPH assay.

Sr.no. Concentration (ug/mL) % Inhibition

1. 100 11.2+0.08
2. 200 15.1+0.07
3. 300 19 +0.08
4. 400 27.4+0.08
5. 500 35+0.08
6. 600 42 +0.08
7. 700 61.3+£0.09
8. 800 64.4 +0.09
9. 900 78 +£0.08
10. 1000 86.4 +0.08
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Figure 5: DPPH Free Radical Scavenging activity of essential oils
obtained from Elettaria cardamomum.

Anticancer activity of Elettaria cardamomum essential oil

It was deduced that essential oils possess anticancer proper-
ties, as there is an association between the formation of reactive
oxygen species and the origin of oxidation and inflammation,

both of which can contribute to the disease [40]. In vitro studies
have used essential oil extracts as they target cancer cells while
inflicting minimal damage to healthy cells [41]. For the evalua-
tion of the anticancer potential of the Elettaria cardamomum
essential oil on the Hela cell line, MTT assay was performed.
The various concentrations made from the oil sample (5, 10, 20,
40, 60, 80, and 100 pg /mL) were tested against the Hela cell
line. MTT (3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium
bromide) assay is one of the most widely utilized colorimetric
assays to evaluate cell viability. This assay measures cell vi-
ability primarily by assessing mitochondrial function in cells by
measuring the activity of mitochondrial enzymes like succinate
dehydrogenase. MTT is converted to purple formazan crystals
by NAD(P)H-dependent oxidoreductase enzymes in this assay,
which is estimated spectrophotometrically at a specified wave-
length of 550nm [42]. With the increasing concentration of the
essential oil, the production of formazan crystals decreased re-
sulting in a colourless product. IC_ value for the Hela cell lines
was found to be 28.71 mg/mL, signifying the required concen-
tration of the essential oil for the 50 percent inhibition of the
Hela cells. (Table 4) The Hela cell lines present a dose-depen-
dent susceptibility to the varied concentration of the essential
oil. (Figure 6) As shown by the literature, essential oils (EOs)
cause cancer cells to undergo programmed cell death by apop-
tosis, necrosis, cell cycle arrest, and organelle malfunction. This
is accompanied by an increase in the impacted cell's membrane
fluidity, decreased Adenosine Triphosphate (ATP) production, a
shift in pH gradient, and complete depletion of mitochondrial
potential, all of which are key precursors to cell death. This role
can be attributed to chemical components found in Elettaria
cardamomum essential oil namely artemisinin [43] and 1,8-Cin-
eole [35].

Table 4: Evaluation of anticancer activity of essential oils ob-
tained from Elettaria cardamomum.

Concentration of EO (ug /mL) % Inhibition IC,,(mg/mL)

5 4.1+0.08

10 6.7 £0.08

20 30.5+0.09

40 63.1+0.08 28.71

60 93.4+0.09

80 96.2 £ 0.08

100 96.2 £ 0.08
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Figure 6: Evaluation of Anti-cancer potential of essential oil
obtained from Elettaria cardamomum.
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Conclusion

A paradigm shift has been witnessed towards the use of
natural compounds in the pharmaceutical as well as food in-
dustries owing to their potential characteristics and negligible
side effects. Our research explores the use of essential oil ex-
tracted from Elettaria cardamomum in order to comprehend its
physio-chemical and biological potential. Therefore, the find-
ings of our study evaluated the chemical composition of the oil
through GC-MS analysis, which revealed major potential com-
pounds. Furthermore, the thermal stability of the oil was inves-
tigated by adopting methods like TG-DTA and DSC. In addition,
the anti-microbial potential was demonstrated against resistant
bacterial strains and moderate antioxidant activity was also ob-
served. The oil was found to be effective against malarial and
tuberculosis pathogens with potential findings, along with this
the oil also showed the anticancer potential towards the Hela
cell line. Further, the oil suppressed the biofilm formation by
various microbial species. The capabilities shown above suggest
that Elettaria cardamomum essential oil has a combination of
numerous potential components, which was confirmed in our
investigation using GC-MS analysis.
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