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Abstract Kaempferia rotunda Linn. belongs to family
Zingiberaceae has been traditionally used to cure several
diseases and has been used as folk medicines because of hav-
ing tremendous therapeutic potential. In the current study,
the chemical constituents of the essential oil obtained from
the fresh rhizome of K. rotunda by hydrodistillation method
were analyzed by Gas Chromatography-Mass Spectrom-
etry (GC-MS). Nine constituents have been identified in
the essential oil of K. rotunda accounting for 96.79% of the
total peak area. The major compounds were benzoic acid
(58.25 £0.14%) followed by bornyl acetate (14.4 +0.35%),
zingiberene (5.75+0.08%) and f-myrcene (3.87 +0.08%),
etc. Further, antioxidant, antimicrobial and cytotoxic activi-
ties of the essential oil were assessed. Antioxidant activity
of the oil was determined by scavenging DPPH radical in
terms of their 50% inhibition (ICs) values. Oil exhibited
moderate to strong antioxidant activity. Antimicrobial activ-
ity was evaluated using Inhibition Zone Diameter (IZD) and
Minimum Inhibitory Concentration (MIC) values, whereas
cytotoxic activity was studied using MCF7 and HeLa human
cancer cell lines. K. rotunda oil exhibited stronger antimi-
crobial activity against the gram-negative bacteria than
the rest pathogens. Rhizome oil of K. rotunda exhibited
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75.63% +5.66 percentage of cell inhibition for HeLLa and
68.44% +2.51 for MCF7 cell line at 20 pg/ml concentration.
Hence, it is concluded that K. rotunda rhizome essential
oil can be considered as natural antioxidant and antimicro-
bial agent, and it can be used in food and pharmaceutical
industries.
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Introduction

The plants of Zingiberaceae family are widely distributed
throughout the tropical regions, particularly in South and
Southeast Asia comprising of about 50 genera and 1300
species [1]. Kaempferia, a genus of family Zingiberaceae,
comprises of about 70 species of rhizomatous, aromatic
perennial herbs. Kaempferia rotunda Linn. is popularly
known as Bhumi-Champaka is a medicinal aromatic herb
with subglobose tuberous rhizome and is found in various
parts of India [2]. K. rotunda is well-known among the
folk medicine practitioners for its wide therapeutic poten-
tial. Traditionally, the rhizomes of this plant are utilized in
treating abdominal illness, cold, sputum laxative, obesity,
dysentery and diarrhea. Furthermore, the rhizomes possess
anti-inflammatory potential and provided in gastrointes-
tinal complications [3]. Other plant parts such as leaves
as well as rhizomes are also consumed as fresh or cooked
vegetables. Further, these parts are used as food flavoring
spice and cosmetic powders. The K. rotunda dried rhizome
powder is well-known for preventing and treating malig-
nancies [4]. This plant was also found to possess antimi-
crobial, antinociceptive, analgesic and antioxidant [5-7]
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activities. In Ayurveda, ‘Hallakam,” a drug has been pre-
pared from the rhizomes of this plant which is stomachic,
heals burning sensitiveness, anti-inflammatory to wounds
and bruises as well as useful in the treatment of mental
disorders and insomnia [8].

Plants consist of some chemical substances which possess
medicinal values. Secondary metabolism of aromatic plants
results in the production of essential oils (EOs) which are
widely known for their characteristic odor [9]. It plays an
important role in the defense against several microorganisms
and is also integrated with various functions required for
the protection of plant [10]. The pharmaceutical properties
attributed to aromatic plants are reasonably associated with
the chemical constituents of EOs present within. Scientifi-
cally, phytochemical investigation reveals the screening of
chemical constituents present in a plant is the primary step
to validate its remedial values.

The production of potent free radicals is the major cause
of oxidative stress [11]. Oxidative stress is a major reason
behind several human diseases like malignancies, Parkinson,
arthritis, immunodeficiency disorders, Alzheimer, aging,
asthma and atherosclerosis [11]. Consumption of adequate
dietary antioxidants can be helpful in protecting human
health conditions caused by oxidative stress. The plant EOs
having high antioxidant value are always in demand for their
safety and efficacy toward proposing them as an alternative
to synthetic products. These EOs are also broadly utilized in
cosmetic, food and pharmaceutical industries [12].

The increasing resistance potential of pathogens toward
antimicrobial compounds has lethal effects on human health
which is a global concern nowadays. Since ancient days, it
is being observed that many plant derived products have
been found in treating several infectious diseases [13]. EOs
have been found to be an important source against various
microorganisms. Thus, researchers have made plant derived
products such as EOs their choice in order to reduce the
utilization of synthetic chemicals.

Cancer is one of the most dangerous ailments in the pre-
sent decade and a major cause of deaths happening world-
wide due to various types of cancers. Uterine cervix, pros-
tate and breast cancers are the most common types in the
world. Since 1960s, investigation to find out natural antican-
cer substances from plants has been initiated and vinblastine,
camptothecin, taxol, vincristine were discovered are cur-
rently also used in cancer therapies [14]. There are several
literature reports of EOs from different plants examined for
various types of cancers like oral, breast, liver, colon, brain,
prostate and lung [15, 16]. The treatments of cancer include
surgeries, radiotherapies, chemotherapies and anti-hormone
therapies; however, antagonistic impacts, drug resistance
and expenses are driving researchers to inspect different
natural sources to find novel anticancer molecules. Among
the well-known phytocomplexes, EOs, the natural products
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have gained interest because of their relevant chemical char-
acteristics and bioactivities.

Nowadays, there is an increasing research interest has
been observed in the EOs of aromatic plants and their bio-
active components [17]. The pharmaceutical properties
attributed to aromatic plants are reasonably associated with
the chemical constituents of EOs present within. Various
volatile bioactive constituents have been already identified in
the EOs of K. rotunda, i.e., most abundantly a-pinene, cam-
phene, f-pinene, camphor, cineole, linalool, bornyl acetate
and benzyl benzoate [6, 18]. However, as far our knowledge,
this is the first report regarding chemical constituent analysis
and bioactivities study of K. rotunda from Eastern India. The
present study was aimed to evaluate the phytoconstituents
present in the rhizomes of K. rotunda Linn. and its different
biological activities to validate its therapeutic potential.

Material and Methods
Plant Material

The tuberous rhizomes of K. rotunda were collected from
Kalimpong, West Bengal (Latitude: 27.0594° N, Longi-
tude: 88.4695° E) and were authenticated by a Taxonomist,
Regional Plant Resource Center (RPRC), Bhubaneswar as
well as deposited in the herbarium of RPRC bearing voucher
specimen number 10125. The rhizomes were then planted
in the green house of Center for Biotechnology, Siksha O
Anusandhan Deemed to be University, Bhubaneswar.

Essential Oil Isolation and Quantification

Fresh rhizome samples (500 g) of K. rotunda were subjected
to hydrodistillation for about 4 h using a Clevenger-type
apparatus following the method of Guenther E (1972) with
required modifications [19]. The yield percentage (v/w) was
determined based on the fresh weight of the obtained essen-
tial oil (EO). Anhydrous sodium sulfate (Na,SO,) treatment
was then followed for eradicating traces of moisture from the
oil and stored in glass vials at 4 °C until further analysis. The
experiment was carried out in triplicates.

Chemical Constituents Analysis by GC-MS

The phytochemical analysis of EO was carried out by
gas chromatography equipped with mass spectrometry
(GC-MS). The identification and analysis of constituents
were obtained by using 6890 series instrument (Agilent
Technologies, Palo Alto, CA, USA) fused with a Mass
Selective Detector (model-MSD 5973) having a quadru-
pole analyzer. HP-5 silica capillary column incorporated
with 30 m long column with 0.25 mm internal diameter and
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0.25 pm film thickness was used. Helium gas was used as
carrier gas which was supplied at a flow rate of 1.2 ml/min.
1 ul of neat EO sample was injected at the sample injec-
tion port. The oven temperature was programmed as follows:
50-240 °C at 4 °C/min; 240-270 °C at 15 °C/min; 50 °C/
min for 1 min and lastly at 270 °C for 15 min. The electron
ionization energy of 70 eV was maintained throughout the
programming process with split ratio of 100:1. The tem-
perature provided for auto-injector and detector was 280 °C.
Data acquisition was performed with a mass scan ranges
in between 20 and 600 amu at 230 °C. The retention indi-
ces (RI) of compounds were determined using homologous
series of n-alkane (Cg—C,,) (Sigma-Aldrich, USA) under
similar operating conditions. The compounds were identi-
fied by comparing the calculated Retention Index (RI) values
with data reported in the literature and matching their mass
spectra obtained from the chromatogram with National Insti-
tute of Standards and Technology Mass Spectral (NIST MS)
search 2.0 library [20].

Antioxidant Activity

The antioxidative potential of EOs obtained from rhizomes
of K. rotunda was carried out using 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) radical scavenging assay. The experiment
was conducted using ascorbic acid as positive control by
following the protocol of Sahoo et al. [21]. 1 ml of EO in
different concentrations was prepared and mixed with 1 ml
of 0.1 M methanolic solution of DPPH. Then, the mix-
ture was mixed properly and kept at room temperature for
30 min in dark conditions. The absorbance of the samples
was measured at 517 nm using a UV-visible spectropho-
tometer against DPPH solution as control. Each experiment
was performed in triplicates. The radical scavenging activity
was expressed as percentage of inhibition of DPPH radical
values and determined by the following equation:

Percentage of Inhibition = [(Aonwel — Arest) /A x 100

control]

where Ao 18 the absorbance of the control, and A, is the
absorbance of samples.

The concentration of sample that gives 50% inhibition
(IC5,) was determined by plotting a graph exhibiting per-
centages of inhibition against concentrations of samples.

Antimicrobial Activity

The efficacy of antimicrobial potential of K. rofunda EOs
was evaluated by disk diffusion method, and the minimum
inhibitory concentration (MIC) was determined by serial
dilution method in accordance with Clinical and Laboratory
Standards Institute (CLSI) guideline with slight modifica-
tions [22]. To perform the experiment, six microorganisms,

two gram-positive bacteria: Enterococcus faecalis and
Staphylococcus aureus, two gram-negative bacteria: Escher-
ichia coli and Acinetobacter baumannii and two fungi: Can-
dida albicans and Aspergillus niger were used. The micro-
bial stock cultures of bacteria were maintained in Mueller
Hinton Broth (MHB), and fungus was maintained in Sab-
ouraud Dextrose Broth (SDB) at 4 °C. By following the filter
paper disk diffusion method, the zones of inhibition around
the disks were obtained in all cases. The experiment was
performed in triplicates by taking Gentamicin as standard
and DMSO (Dimethyl sulfoxide) as control. Similarly, MIC
of the samples was also evaluated by following two-fold
serial dilution method with MHB for bacteria and SDB for
fungi in 96-microtiter plates. The experiment was conducted
in a triplicate manner, and Gentamicin was taken as stand-
ard. The MIC was evaluated as the lowest concentration of
the samples that inhibited the growth of microorganisms.

Cytotoxic Activity

The K. rotunda rhizome EOs were also screened for cyto-
toxic activity which was estimated by taking two cancer
cell lines, i.e., human breast cancer lines (MCF7) and cer-
vical cancer cells (HeLa). A media supplemented with 10%
inactivated Fetal Bovine Serum (FBS), 5 mM L-glutamine
and 5% CO, known as Dulbecco’s Modified Eagle Medium
(DMEM) was prepared for culturing both cancer cell lines
at 37 °C in an incubator. The MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] assay of the EOs
were performed in accordance with the protocol by Sahoo
et al., [23]. Metabolically active cells are responsible for
the conversion of yellow tetrazolium salt-MTT to purple-
formazan crystals. The viable cells can be quantified by
analyzing the above mentioned conversion. In the experi-
ment, untreated cells were considered as a control of viabil-
ity (100%) and the percentage of inhibition of treated cells
relative to the untreated controls was quantified.

Statistical Analysis

The statistical analysis of all the obtained data was per-
formed by determining Mean + SD, one way ANOVA along
with Tukey’s HSD test at p < 0.05. The analysis was carried
out by Minitab version 17 statistical software (Minitab Inc,
PA, USA).

Results and Discussion

Chemical Composition of Essential Oil

The hydrodistillation of fresh rhizomes of K. rotunda gave
a yield of 0.15% essential oil (EO). GC-MS analysis was
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performed to determine detailed chemical composition of
the rhizome EO which revealed nine major components,
accounting for 96.79% of the total peak area. The result
demonstrated the presence of < n->hexyl benzoate with
the maximum peak area (58.25 +0.14%) followed by bornyl
ester (14.4+0.35%), zingiberene (5.75 +0.08%), -myrcene
(3.87+0.08%), respectively (Table 1). The current result
corroborated with a report in which the aromatic (benzo-
ates, salicylates) and aliphatic compounds were predominant
[18]. In the article, the K. rotunda rhizomes were collected
from Surabaya, East Java and the hydrodistilled oil was char-
acterized by GC-MS (EI) analysis. The GC-MS characteri-
zation showed benzyl benzoate and n-pentadecane as the
major constituents with 69.7% and 53.8% area percentages,
respectively. Another report identified 13 compounds from
the EOs of rhizome of K. rotunda collected from Herb Gar-
den, Arya Vaidya Sala, Kottakkal in which bornyl acetate
predominated with an area percentage of 30.121% followed
by benzyl benzoate with 16.595% area percentage [6]. How-
ever, a report represented 57 volatile constituents identified
from the K. rotunda EO and the GC-MS characterization
showed Endo-borneol with an area percentage of 9.30% as
the major one followed by dehydroisoandrosterone acetate
with 9.12% area percentage [24]. The observed variation in
the chemical composition of the EO of the species might
be due to the differences in responding to the geographic,
edaphic or climatic entities as well as variation in the matu-
rity of plant materials [21].

Bioactivity Study
Antioxidant Activity
DPPH radical scavenging assay of K. rotunda rhizome

EOs showed significant activity at a concentration of
25 pg/ml in terms of their 50% inhibition (ICs,) values.

DPPH radical scavenging potential of K. rotunda samples
compared with the standard, i.e., ascorbic acid is depicted
in the Fig. 1. It was observed that the rhizome oil pos-
sessed good radical scavenging activity. Assessed EO was
able to reduce the stable violet DPPH radical to the yellow
DPPH-H, reaching 50% of reduction with ICs, values. It
was seen that, with increasing sample concentration, the
activity was also increased.

Lotulung et al. [4] 2008 reported antioxidant activity
of K. rotunda rhizome extracts with different solvents and
resulted good radical scavenging activity. Overall, antioxi-
dant properties of EOs depend on their phytoconstituents,
their structural features, temperature, concentration, light
and physical state of the system, along with on micro com-
ponents acting as a pro-oxidant or synergists [25]. Hence,
it can be concluded that the antioxidant potential of K.
rotunda EO may be attributed to the presence of several
phytoconstituents with different bioactivities. However,
more advanced study is also required to identify antioxi-
dant compounds present in this plant.

DPPH ASSAY

40 =#i—KRR
30 A =¢-=ascorbic acid

% Inhibition
W
(=}

0 T T )
0 50 100 150

Concentration (ng/ml)

Fig. 1 DPPH activity of essential oils of Kaempferia rotunda

Table 1 Chemical composition

N T SI. No. Compound name Area % Retention time (RT)  RI, RI,

of rh120m§ essential oil of Mean + SD (in minutes)

Kaempferia rotunda
1 p-Myrcene 3.87+0.08¢ 4.658 988 979
2 Camphor 3.81+0.08¢ 9.026 1141 1138
3 Bornyl acetate 14.4+0.35° 14.489 1281 1275
4 Aromadendrene 1.84+0.1° 22.139 1439 1428
5 Zingiberene 5.75+0.08° 22.701 1493 1486
6 Pentadecane 2.22+0.49°F 22.976 1500 1496
7 S6-Amorphene 3.86+0.07¢ 23.234 1511 1509
8 p-Sesquiphellandrene 2.79+0.05° 23.716 1521 1518
9 < n-> Hexyl Benzoate 58.25 +0.14% 32.939 1579 1575

RI, =retention indices obtained from literature (Adams, 2007)

RI, =retention index calculated relative to Cg—C,, n-alkane series on HP-5MS column; Mean having dif-
ferent letters in a column was significantly different according to Tukey’s HSD test at p < 0.05; The bold
signifies the compound having highest area percentage
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Antimicrobial Activity

The rhizome EO of K. rotunda was found to have good to
moderate antimicrobial activities against two gram-positive,
two gram-negative pathogenic bacteria and two fungi as
determined from disk diffusion method and MIC assay. The
MIC values of the rhizome oil were ranged between 8.34
and 10.91 pg/ml (Table 2). The zone of inhibition was high-
est in rhizome oil (15.72 +0.23 mm) against E. coli (gram-
negative bacteria), whereas inhibition zones of the positive
control, Gentamicin (5 pg/ml) were ranged from 17 + 1.0to
25.67 +0.59 mm. Both the assays resulted pathogens like
E. coli and A. baumannii (gram-negative bacteria) were
more sensitive toward the EO than the remaining microbes
as shown in Table 2. This might be due to the structural
differences in the cell wall which changes their susceptibil-
ity to different compounds [26]. The inhibition zone diam-
eter increased with the increase in concentration of sam-
ples in almost all the strains tested. Kumar et al. [6] 2015
reported the antimicrobial activity of K. rotunda rhizome
extract against respiratory tract pathogens and observed

Table 2 Antimicrobial activity of rhizome oil of Kaempferia rotunda

Microorganisms ~ MIC of KRR IZD of KRR oil 1ZD of Gen-

oil (ug/ml) at 5 pg (mm) tamicin at 5 ug
(mm)

E. faecalis 9.63 11.51+0.4 19.38+0.13

S. aureus 8.75 12.59+0.2 17+1.0

A. baumannii 9.52 14.94+0.3 24.67+0.57

E. coli 8.34 15.72+0.23 24.8+0.25

C. albicans 10.5 14.87+0.25 25.67+0.59

A. niger 10.91 13.73+0.34 25+1.0

KRR Kaempferia rotunda Rhizome; IZD Inhibition Zone Diameter;
MIC Minimum Inhibitory Concentration; The bold signifies the con-
centration possessing highest antimicrobial activity in both the assays

K. rotunda oil on HeLa cell line

% Inhibition
- D W A U
c o & 35 & =

>

10 20

Concentration (ng/ml)

H Rhizome oil

significant activity against them. The ethyl acetate extract
showed maximum zone of inhibition against the Lactobacil-
lus acidophilus, whereas in a report by Malahayati et al. [27]
2018 resulted that the ethyl acetate extract exhibited maxi-
mum zone of inhibition against Staphylococcus aureus and
E. coli. Secondary metabolites like phenolics, flavonoids,
alkaloids, terpenoids and essential oils are many beneficial
plant derived antimicrobial compounds. [28].

Cytotoxic Activity

The rhizome EO of K. rotunda was evaluated for its cyto-
toxic activity against two cell lines, i.e., HeLa and MCF7
by MTT assay. The inhibition percentage increases with
increase in the concentration of samples (Fig. 2). The cell
inhibition percentage at 10 and 20 pg/ml concentrations
is presented in Table 3. At 20 pug/ml concentration, the oil
exhibited 75.63% + 5.66 inhibition against HeLa cell line
whereas that of MCF7 cell line was found to be 68.44 +2.51
(Table 3). In a report, the chloroform extract of K. rotunda
rhizomes was subjected to cytotoxic activity screening
against human breast cancer T47D cell line by MTT assay
and exhibited significant cytotoxicity against T47D cells
with ICs, value more than 10 ug/ml. Chloroform extract
of K. rotunda showing their ICs, was 41.72 pg/ml [29]. It

Table 3 Effect of Kaempferia rotunda essential oil on HelLa and
MCEF-7 cell lines

Cell lines Concentration of K. rotunda  Percentage (%)
rhizome oil of cell inhibition
HeLa 10 pg/ml 31.83+2.43
20 pg/ml 75.63+5.66
MCF7 10 pg/ml 26.95+1.36
20 pg/ml 68.44+2.51
K. rotunda oil on MCF7 cell line
80
70
5
£50
£ 40
30 = Rhizome oil
20
10
0

10 20
Concentration (pg/ml)

Fig. 2 Cytotoxic activity of essential oils of Kaempferia rotunda on HeLa (A) and MCF7 (B) cell line
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appears that the anticancer activities of EOs of K. rotunda
against human cancer cell lines are innovative, and further
work in this line may give the evidence for the use of this
plant against a wide variety of disorders.

Conclusions

The present study deals with the chemical composition and
bioactivity studies of K. rotunda rhizome essential oil (EO).
The results revealed that this species has certain phyto-
chemical constituents which may be responsible for several
bioactivities like antioxidant, antimicrobial and cytotoxic
activities. Thus, the identified important constituents of dif-
ferent species may be used as biomarkers for development of
chemical fingerprint of respective plant species for authen-
tic identification and quality control of herbal drug. The oil
showed good antioxidant and antimicrobial activity which
explains its potential against various oxidative diseases and
its further utilization as natural antioxidants and antimicro-
bial agents in food and pharmaceutical industries. Advance
work on separation and characterization of compounds of
these classes will offer additional data on the dynamic prin-
ciple accountable for their pharmacological properties. The
EOs and the chemical constituents of the Kaempferia species
with high bioactive potential can be used for formulation of
novel drugs.
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