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ABSTRACT

Essential oils are volatile liquids having aromatic fragrance. There are secondary metabolites that plants produce for
protection from pest & predators, attraction of pollinators & seed dispersal. The essential oils are made up of mixture
of compounds that give a characteristic flavor and odor. C.martinii belonging to poaceace commonly known as
Palmarosa, which one of the important essential oil-bearing plant having rich geraniol content, the oil is extensively
used in perfumes, soaps, cosmetics, tobacco and medicine. During the present study, the essential oil of Cymbopogon
martinii (Roxb.) Wats. was collected from Akkur village, Ramanagara Taluk and District was analyzed using GC-MS
to reveal the fingerprint compounds. Gas Chromatography-Mass Spectrometric analysis of the oil provided 59
constituents of compounds dominated by terpenoid compounds like carotol (12.34%), alpha-pinene (3.06%), camphene
(9.32%), D-limonene (8.22%), borneol (6.03%), geraniol (2.60%), camphor (7.51%), bornyl acetate (3.65%), linalool
(2.56%), alpha-terpeniol (1.18%), geranyl acetate (8.44%) and caryophyllene oxide (5.45%) along with the presence of
other components in traces. The study showed the presence of new compounds in high percentages, rather than the
standard geraniol. The essential oil compounds are known to possess huge utility in biopesticides, pharmaceutical
and food industries. The variation in composition of the essential oil in wild C. martinii is due to the ecological
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conditions for the plant growth.

Keywords : Wild Cymbopogon martinii, DNA Bar-coding, Essential oil, GCMS, Terpenoids, Carotol

C}’MBOPOGON wmarTini (Roxb.) belonging to Ruseae
series of genus Cymbopogon possess two
varieties such as motia (2n=20) and sofia (2n=40)
(Google Wikipedia). It is commonly known as Rosha
grass which yield essential oil rich in geraniol and ata
commercial scale utilized for manufacture of soaps,
perfumery, cosmetics, medicine and aromatic products
(Verma et al., 2010). Majority of these C. martinii
contain essential oil with several biological activities
such as insecticidal, anti-protozoan, anticancer, anti-
HIV, anti-inflammatory and anti-diabetes effects
(Avoseh et al., 2015). India’s overall export value of
Palmarosa oil has increased by 61.75 since 2018, with
the shipments worth 2.969 USD million (Google
Wikipedia). Chemically these oils are diverse mixtures
of terpenes or phenylpropenes (Sangwan et al., 2000).
C. martinii is widely distributed in India under diverse
adverse climatic conditions covering the planar and
the hill stressed regions (Sangwan et al., 2000). This
crop native to India is largely cultivated in Madhya

Pradesh, Maharashtra, Andhra Pradesh, Karnataka,
Tamil Nadu and Uttar Pradesh, besides cultivating in
Brazil, Madagascar, Indonesia (Verma et al., 2010).
C. martinii is a highly cross-pollinated crop and
survives by with standing environmental stress
conditions and hence a lot of variations are observed
with yield of essential oils in the species (Smitha
et al., 2008). These cultivars of C. martinii differ in
oil content and quality at the intra and inter-species
levels (Neelam et al., 2001). Genotype was identified
and assisgned to its classification by utilization of
taxonomic literature (Nirmala et al., 2017). The
variations are attributed to genetic makeup of the
genotypes and its interaction with environmental
variations (Vinutha and Hegde, 2014).

The plant derived essential oils form the basis of many
large chemical, pharmaceutical and perfumery
industries and make up a significant proportion of the
agro chemical trade worldwide (Wissal et al., 2016).
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Chemically the oils are diverse mixtures of terpenes,
alkaloids and phenylpropenes (Verma et al., 2010,
Meenakshi et al.,2018). Impact of environmental
factors and geographical conditions like temperature,
relative humidity, irradiance, photoperiod, wind, soil
properties, harvest time along with genetic variations
such as fertilization, cross pollination etc., influence
the composition and quality of essential oils (Meenakshi
et al.,2018). The essential oils are biosynthesized via
Shikimic acid pathway for phenolics and terpenes from
Mevalonate and Methyl Erythritol Phosphate (MEP)
pathway (Bourgaud et al., 2001). The emergence of
the specialized secondary metabolic pathways
improved the adaptive ability of plants during their
evolution (Waters, 2003). Monoterpenes are
synthesized in plastids and sesquiterpenes in cytosol
(Vranova et al., 2013). Close observation of the
essential oil obtained revealed the presence of different
aroma than in the cultivars. Hence, the present study
was conducted to examine the essential oil profile and
composition with respect to cultivars.

MATERIAL AND METHODS
Ecological Details and Plant Collection

The wild plant of Cymbopogon martinii were
collected from Akkur village, situated 20 km away from
Ramanagara taluk and district, Karnataka, India. It is
located within the latitude 12.8266 °N and longitude
77.1951 °E covering an area of 289.37 hectares. The
annual temperature ranges between 25.4°C - 30.4°C
with an average rain fall of 931.58 mm annually. The
plant was found growing in rocky hills (under water
stressed condition) with limited soil availability and was
authenticated as Cymbopogon martinii based on the
morphological and essential oil details. 1.4 ml of oil
was obtained from 280 grams of the herbage. The
essential oil was collected by hydro distillation method
using Clevenger apparatus and the oil was yellowish
in color with turpentine aroma.

DNA barcoding and Phylogenetic Analysis

The total genomic DNA was isolated from the plant
sample using Plant genomic DNA Mini-spin kit. DNA

was amplified using the plant specific selective universal
region oligo primers (rbcL and matK) (Ashok et al.,
2017). 50 ul of PCR reaction mixture contained 50 ng
of gDNA, 100 ng of each forward and reverse primers,
2 ul of 10 mM dNTPs mix, 5 ul of 10X Taq Polymerase
buffer, 3U of Taq polymerase enzyme and made up
with PCR grade water. The PCR program was as
follows: an initial denaturation at 94 °C for 5 min,
followed by 35 cycles at 94 °C for 1 min, annealing
temperature standardized at 60 °C, extension
temperature at 72 °C for 2 min and final extension
was at 72 °C for 10min. PCR product was run on one
per cent agarose gel in 1 X TAE buffer and the products
were purified using Nucleo-pore, Genetix Biotech PCR
clean up kit and purified fragments were sequenced.
The sequenced data was edited using Bio edit tool.
The experiment was repeated thrice for validation of
reproducibility of the barcode sequence.

Isolation of Total Cellular DNA and Primer
Designing for Barcode Loci Amplification

Fresh and young leaves of the wild plant were taken
and subjected to total extraction of cellular DNA using
CTAB method. The corresponding gene sequences
of the genus Cymbopogon were retrieved from NCBI
Gene-Bank data domain for precisely designing the
specific primers for the amplification of three barcoding
loci and ITSI and two spacers. PCR primer pairs were

mapped out from the conserved regions using software |

primer 3.0 (version 0.4.0).
Sequencing, Validation and Data Analysis

The PCR reaction mixture contained the template
DNA, buffer, MgCl,, dNTPS, designed primer and
DNA polymerase. The PCR program that was set
involved 35 cycles, each cycle starting from an initial
stage of denaturation at 90 °C for 5 minutes, followed
by annealing stage at 60 °C for 1 minute, extension
stage at 70 °C for 2 minutes and final extension at
72 °C for 10 minutes. The PCR products were purified
and sequenced. Sanger sequencing of amplicons were
carried out using BDT v3.1 Cycle sequencing kit on
Abi 3730xI Genetic Analyzer. Annotation software were
used to annotate the sequenced data. Validation of
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the designed primers and sequenced data was done
by repeating the experiment twice form the starting
DNA isolation step to the sequencing step. The PCR
products were also subjected to 1.6% agarose gel for
the visualization of the amplified products. The gel
was pictured with a Gel Doc XR+ (Biorad).

Annotated contig barcode sequences were subjected
to BLASTA (NCBI domain) for the verification and
were finally submitted to GenBank of NCBI. The
DNA sequences were aligned automatically using the
program CLUSTALW in OMEGA 6.0 and
constructed NJ derived phylogenetic tree.

Essential Oil Studies

Extraction : The fresh plant sample (100g) was
collected from the experimental site and whole plant
was used for the oil extraction. Leaves, stem, roots
and inflorescence were separated and were washed
under tap water followed by distilled water to remove
dust particle and dry at ambient temperature for two
days in the laboratory to remove the moisture content.
The dried plants were cut into small pieces. The dried
plant was weighed and used for the extraction of
essential oil. The plant materials were subjected to
hydro-distillation using Clevenger type apparatus for
3 hours. The oil was dried over anhydrous sodium
sulfate & was stored vials under a refrigerator until
analysis.

Essential oil Amount of essential oil recovered (ml)
extration (%) —

X 100

Amount of crop biomass distilled (g)

Gas Chromatography and Mass Spectrometry (GC
MS) : Gas Chromatography Mass Spectroscopic
analysis of the essential oil was carried out on an
acquisition- shimadzu GC-MS, Model number-QP-
2010 plus equipped with electron ionization using a
column Rtx-5MS, 30 m length x 0.25 um film
thickness. ID:0.25 mm and Injector of 250 °C. Sample
injection:0.1 ul. Temperature programming was done
initial of 40 °C for 2 mins Ramp at 5 °C to 280 °C
Ramp at 20 °C to 300 °C holds for 2 mins.

Identification of Compounds : Essential oil
constituents were identified by comparing retention
times of the chromatogram peaks with those of

reference compounds run under identical conditions.
Interpretation of the mass spectrum was conducted
using the data base of National Institute Standard and
Technology (NISTS).

Identification of constituents were done on the basis
of retention time, Retention Index (RI, determined with
reference to homologous series of n-alkanes (C9-C26,
Polyscience Corp., Niles IL) under identical
experimental condition), coinjection with standards
(Aldrich and Fluka), mass spectra library search
(NIST/EPA/NIH version 2.1 and Wiley registry of
mass spectral data 7" edition) and by comparing with
the mass spectral literature data [27-28]. The relative
amounts of individual components were calculated
based on GC peak areas without using correction
factors.

RESULTS AND DiscussioN
Identification of Wild Cymbopogon

The plant was identified as Cymbopogon martini
(Roxb.) Wats. based on the morphology
characterization (Fig. 1), DNA bar-coding and
essential oil studies.

DNA Bar-coding

Out of three loci (rbcL, matK and ITS spacers 1 and
2), only rbcL loci was amplified successfully and
evolutionary analysis was conducted in Clustal Omega
using Neighbour-Joining method.

Details of the Primers Developed for the
Barcode Amplification in Cymbopogon Species

Out of twelve primer pairs screened for three barcode
loci, eight primer pair (two pair from each loci) were
validated for the study as they successfully amplified
specific bar code region of interest. From the validated
two primer pairs for each locus, the primer pair which
had the higher annealing temperature (considering its
comparatively higher reproducibility) was taken for
amplification and sequencing of the concerned
barcodes (Table 1).
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Fig. 1: Habit and habitat of wild Cymbopogon martinii growing in hilly region of Akkur village, Ramanagara

The percentage of replicate trees in which the the number of base substitutions per site. Phylogeny
associated taxa clustered together in the bootstrap test indicates that the studied plant sample is very closely
(1000 replicates) are shown next to the branches. The
tree is drawn to scale, with branch lengths in the same

units as those of the evolutionary distances used to

infer the phylogenetic tree (Fig. 3). The evolutionary coniiuiiioy (.)f Egpycies ?S Cymbopogon martinii
distances were computed using the Maximum and was submitted the same in NCBI GenBank under

composite likelihood method and are in the units of the accession number of OK094433

grouped under clad of Cymbopogon species. This result
supports the study of NCBI BLAST leading to

TABLE 1
Details of the primers developed for the barcode amplification in Cymbopogon species

Annealing Product

Primer name Designed sequence (52 to 32) temp (°C) size (bp) Remarks
Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene

CNRBCLF1 TGTTGGATTTAAAGCTGGTGTT 539 1323 Primer pair was o
CNRBCLR1 CATTTGCAAGCTGCTTTGAT validated §
CNRBCLF2 GCAAGTGTTGGATTTAAAGCTG 60.0 1336 Primer pair was %
CNRBCLR2 CAGCACTCCATTTGCAAGC taken for this study (f
Maturase K (matK) gene §
CNMTKF1 TTTGATAAACCGAGAAATGCTT 60.0 909 Primer pair was %
CNMTKRI1 GCCTTTCCTTGATATCGAACAT taken for this study Eo
CNMTKF2 ATGTATCATCATTTGATAAACCGAGAA 585 910 Primer pair was ~
CNMTKR2 TGCCTTTCCTTGATATCGAACAT validated =
Internal transcribed spacer 1, 5.8 S ribosomal RNA gene and internal transcribed spacer 2 \5
CFITSF1 CAAAACAGACCGCGAACG 60.0 555 Primer pair §
CFITSR1 GGTGCTCGATGGGTCCTTAG was taken for :
this study 3
CFITSF2 GTAGGTGAACCTGCGGAAG 59.0 595 Primer pair é
CFITSR2 GGTGCTTGATGGGTCCTTAG was validated N
S
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3,000,000 R. Mol. Mol.
Compounds Area % Time  Weight formula
=2 ‘ Camphor 7.51 15.997 152 C,H,O
: ‘ i Bornyl acetate 3.65 20.146 196 C,H,0,
H | Limonene oxide 0.4 13.805 170 C, H,O
” b s 5 Menthe-1, 8-dien-7-ol C,H,O
1 s % Linalool 256 14682 154 C,H,0
‘ iml 4-methen-8-ol 0.86 14287 154 C, HNO
‘ il a P-cymene-8-ol 0.22 17.223 150 C, H,O
.__;,mL.rﬁ,'.U . ™% Carvotanacetone 221 18914 150 C,H,O
TR % & ey Geranyl acetate 844 22751 196 C_HO,
Fig. 2: GC-MS chromatogram of wild Cymbopogon martini Nerol-E 26 19.245 154 C, H.O
Perillyl acetate 0.39 20.723 194  C,H,O,
Essential Oil Profiling Alpha-citral 0.73 19.633 194 C,H O
Sesquiterpene hydrocarbons
The GC-MS analysis of the essential oil from wild Alpha-elemene 0.16 24405 204 C H,
C. martinii showed entirely different spectra of Caryophyllene 049 23756 204 C H,
chemical compounds when compare to their cultivar Beta-sesquip 043 29117 204  C.H,
. . hellandrene
counterpart. The essent1a1.01l, showed total of AN 087 29545 222 CH,0
66 compounds (Table 2, Fig. 2) were analyzed. e 03 24088 204 C,H,O
Carotol 1234 28679 222 C_H,O
TaBLE 2 Nerolidol-E 348 27033 222 C, H,O
Composition of essential oil and categorization of Selina-6-en-4-ol 3.51  26.145 222 C,H,O
compounds found in wild Cymbopogon martinii Alpha-Cadinol 07 29418 222 CH,O
3-oxo-beta ionone 1.56 30.179 206 C. H O
Compounds Area% LEEaY gLy Mol Alpha-cadrene 013 31222 220 C.H.O
Time  Weight formula . 157724
epoxide
Monoterpenoid hydrocarbons Oxygenated sesquiterpene
Tricyclene 3.17 9.117 136 C H, Caryophyllene oxide 5.45 27.857 220 C_H,O
Alpha-pinene 3.06 9.5 136 C H, Verbenone C,H,.,O
Camphene 9.32 10.032 136 C, H, Sesquiterpenoid alcohol
Sebinene 0.27 10.704 136 C H, Humulane-1, 0.24 25.31 222 C.H,O
Myrcene 0.66 11.263 136 C, H,, 6-dien-3-ol
M-Cymene 0.22 12.31 134 CH, Guaiol 0.12 28.992 222 C,H,O
] D-Limonene 8.22 12.549 136 C,H,, Aromatic hydrocarbons
| Beta-Ocimene 034 12732 136 CH,, M-cymene 022 1231 134 CH,
i3 2-methyl 0.17 13.15 140 CH,O Terpene ketone
2 cyclooctanone Farnesylacetone 0.2 32.529 262 CH, O
M Bicyclo (2.2.1) 0.43 14.099 138 C,H,O tricyclo (6.2.1.0)1,6
BSf heptane-2-one, 3, undec-4en-3-one
Rf 3-dimethyl 2,2,7,7-tetramethyl 03 31.739 218 C H,,0,
53 Trans-P-mentha-2, 8-dienol 0.5 15293 152 Acetic acid 1- (2- 0.22 31.51 250 C,H,,0
N C,H,O (2,2,6trimethyl-
B Alpha-pinencoxide  0.17 15.593 152 C, HO bicyclo(4,1,0) hept-1-
ij Citronellal 0.51 18.462 156 C,H,O yl-vinyl ester
E Borneol 6.03 16.765 154 C, H. O (1S,2E,4S,5R,7E,11E) 1.8 30.648 306 C,H340,
S Alpha- curcumene  0.17 25.884 202 C,H -cembra-2,7,
™ Ox ted terpen e 11-trien-4,5-diol
© ygenated monoterpenes .
] Geranoil 260 19245 152 CH,0 (65bistydroxy 038 BT 234 €, H260,
sy Cis-carveol 073 19633 152 C,H,O {“et Y ISOPToPY
) -7-methylene-bicyclo
Y Alpha-terpineol 1.18 17.023 154 C, H.,O
=
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CAROTOL showed highest percentage with (12.34 CAROTOL is a major source of sesquiterpene alcohol.
%) which is key compound followed by Camphene It is used as a fragrance component in cosmetics &
(9.34 %), Geranyl acetate (8.44 %) Limonene (8.22 perfumes and a flavor ingredient in different categories
%), Camphor, Borneol, Caryophyllene oxide, Nerolidol, of food products (Elwira et al., 2016). . The biological

Seline-6-en-4-ol, Tricyclene and Alpha-pinene. activity of the essential oil compounds of C. martinii
as reported by earlier studies has been listed
(Table 3).
Cymbopogon 0.00336
MK593547.1_58464-59060 0 . . .
MKO74716.1_2-508 0 Biosynthesis of Terpenoid Compounds
KY506169.1_56153-567490
MT610051.1_56326-56922 0 . . .
MT504968.1_56140-56736 0 In present work, biosynthesis of terpenoid compounds
MT504966.1_56191-56787 0 : . . .
NTEMI0S | 8T8 via the essential oil pathway was determined based
HQ800385.1_4-600 0 on structural details of essential oil compounds. The
MH488954.1_56172-56768 0 . .
MT504967.1_56632-57228 0.00168 monoterpenoid pathway consisted of a C10 carbon
. . backbone including two isoprene units and divided into
Fig. 3: Phylogenetic tree constructed based on rbcL gene € g p . .
nucleotide sequences of Cymbopogon species acyclic, monocyclic and bicyclic groups (Fig 4). The
" GOPPS | oo neroh-E
Alphapinane T"‘: alpha pinans t rpes % Garanyl acetyl
:::::?w;:""m"a""'“” i, e, . ~oes’f Gm"'q;l---x Q}:""""‘“ . Gemniolacetate =Yy
e R o :rlcycmm t'rrnhzie- G”::‘::::fm“ g‘:\ '---.__f.{f:jr_fﬂhyg’_(
P M-Cymena  SYymene synthase g FT Ny - - »‘n‘-u.p
¥ duhydratase l Citroneliol ik Alpha citral ._‘__!._r,.__\;.[
‘_-{_s y L —» Linalool Sy
. T '(.M'.—': T ' T
borneal acetate i ?"'“\r" A N R T i ox:;g::;::-?:% Canone . oET
Bammy! | ~ Born -' D!';:;Jt.m!“ +* Ddimonene —— = ’ 1
e [ T g !
Borneol Sebinene ¢ e Oy Cis
axbdorsuctass MO HO synihase Sebinen B ey g Y coreeat
¢ N Hopopa _—a 5 \t'..g,"’q,o
Gamphnrg._- ” C:n:ph.ena sy 2 e Limonene oxide
frate | e A i
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1
Fig. 4: Overview of monoterpenoid biosynthesis pathway in wild Cymbopogon martini
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TaBLE 3

Biological activity of essential oil compounds from wild Cymbopogon martinii

Compound Bioactivity Reference
Sebinene anti-diabetic and anti-hyperlipidemic effects Subramani et al. (2015)
Myrcene Anti-angiogenic, antioxidant,antiinflammatory Gay et al, (2008)
and anticatabolic effects

M-Cymene Antioxidant, anti-inflammatory, antinociceptive, anxiolytic, Anna Marchese et al. (2017)
anticancer and antimicrobial
effects

D-Limonene antibacterial activity against food-borne pathogensbut it has an Yingjie Han et al. (2020)

ambiguous antimicrobial susceptibility and mechanism against
Listeria monocytogenes

Beta-Ocimene anticonvulsant activity, antifungal activity, antitumor activity Ethan and Jahan (2017)
and pest resistance

Linalool oxide Produce fragrances and aromatic chemicals with various Guy et al. (2008)
applications in modern society. It also shows antimicrobial,
anti-inflammatory, anticancer, anti-oxidant properties.

Bicyclo(2.2.1) prevention and treatment of chronic diseases such as cancer, Olubunmi and Anthony
heptane-2-one, cardiovascular disease, diarrhoea diseases and infections. etal. (2017)
3,3-dimethyl Play important roles as a source of antimicrobial and antioxidant

Linalool Antimicrobial, anti-inflammatory, anticancer, anti-oxidant properties Guy et al. (2008)

and several in vivo studies have confirmed various effects of
linalool on the central nervous system.

Alpha- production of various fragrances, cosmetics, and pharmaceuticals  Eelco et al. (2015)
pineneoxide and also exibits anti inflammatory and Anti oxidant properties
Camphor Camphor exhibits a number of biological properties such as Weiyang et al. (2013)

insecticidal, antimicrobial, antiviral, anticoccidial, anti-nociceptive,
anticancer and antitussive activities, in addition to its use as a
skin penetration enhancer.

Citronellal Antimicrobial properties Ravietal. (2015)

Borneol Anti-inflammatory and antimicrobial Agents, Maria et al. (2020)
antioedematogenic activity

Alpha-terpineol antioxidant, anticancer, anticonvulsant, antiulcer, antihypertensive, Christina et al. (2018)
anti-nociceptive compound

Verbenone antifungal and herbicidal activities Qiong Hu et al. (2017)

Cis-carveol use of (-)-cis-carveol may be suitable for decreasing Lucian and Razvan (2020)
AD-related symptoms. Alzheimer’s disease (AD) could be
considered a multifactorial neurodegenerative disorder
characterized by the accumulation of the B-amyloid-peptide (AB)
within the brain leading to cognitive deficits, oxidative stress

and neuroinflammation
Citronellal Anti-fungal properties Lee seong and Iran (2007)
E-nerol antibacterial activity,antioxidant properties Chung-Yi Wang et al. (2019)
Alpha-citral presents many pharmacological properties including antifungal Maria et al. (2020)
(or) Geraniol and antibacterial activity
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Compound Bioactivity Reference
Borneol acetate  Anti-Inflammatory Functions HeYang, et al. (2014)
Thioflavin It is cytotoxic on several tumor cell line Yamini et al. (2017)

Geranyl acetate  Anti-Inflammatory, Anxiolytic, Antimicrobial, Diuretic, Antiseptic, ~ Chahal (2017)
Anti-cancerous

Alpha-elemene  antioxidant activity Natasha et al. (2019)
Humulane-1, antioxidant activity effect of essential oils and supercritical Zhao et al. (2014)
6-dien-3-ol carbon dioxide extracts from Cinnamomum spp. barks and fruits

against food bacterial pathogens in liquid and vapor phase
Cyclocopa Antimicrobial effect Katerina et al. (2021)
camphenol
Alpha- activity against bacteria, yeasts and an alga was inspected by the
curcumene applying the microdilution method Silvaet.al. (2015)
Selina-6-en-4-ol  anti-proliferative, antibacterial and antioxidant activity Sakina et al. (2016)
E-Nerolidol various pharmacological and biological activities of nerolidol Weng-Keong et al. (2016)

have been reported such as anti-microbial, anti-biofilm,
anti-oxidant, anti-parasitic, skin-penetration enhancer,
skin-repellent, anti-nociceptive, anti-inflammatory and anti-cancer

Carotol Antifungal. Phytopathogenic fungi are the major problems causing Mukta Sharma ez al. (2019)
harmful damage to the rice crop. Only available control of these
diseases is synthetic fungicides but their repeated use led to
serious environmental issues, residual toxicity, and development
of resistanc

Guaiol Antiviral, anti-inflammatory, anticancer and antibacterial activities Tao Liva et.al. (2013)
Sesquip- exhibits anticancer activity. Amit Kumar ez al. (2015)
hellandrene

Alpha-cadinol ~ a-Cadinol was said to act as anti-fungal and as hepatoprotective Chen-Lung et al. (2011)
and was proposed as a possible remedy for drug-resistant
tuberculosis.

(-)-Globulol Antimicrobia activity Manliang et al. (2008)

(6,8-bis-hydroxy anti-efflux activity Marjan et al. (2020)
hydroxymethyl-

4-isopropyl-7-

methylene-

bicyclo

(1S,2E,4S,5R, Used to treat fevers, malaria, and sore throat. Prabodh et al. (2018)
7E,11E)-cembra-

2,7,11-trien-4,

5-diol

2,2,7,7-trtra

methyl tricyclo  Antioxidant and antimicrobial agents. Olubunmi and Antony
6.2.1.0(1,6) etal (2018)
undec-4-en-3-one

Farnesy antioxidant activities Yavuz et al. (2021)
lacetone
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sesquiterpenoids pathway consisted of three isoprene
units with the molecular formula C H,, and may be
acyclic or contain rings, including many unique

combinations (Fig 5).

Monoterpenes are derived biosynthetically from units
of isopentenyl pyrophosphate, which is formed from
acetyl-CoA via the intermediacy of Mevalonic acid in
the HMG-CoA reductase pathway. An alternative,
unrelated biosynthesis pathway of IPP is known in
the plastids. MEP-(2-methyl-Derythritol-4-phosphate)
pathway get initiated from C, sugars. Geranyl
pyrophosphate serve as the precursor for
monoterpenes. Elimination of the pyrophosphate group
from geranyl pyrophosphate leads to the formation of
acyclic monoterpenes such as ocimene and myrcene.
Hydrolysis of phosphate groups leads to the prototypical
acyclic monoterpenoid geraniol. Additional
rearrangements and oxidations provide compounds
such as citral, citronellal, citronellol and linalool and
many others. Geranyl diprosphate(GPP) is the
monoterpene and is synthesized by condensation of
IPP and its isomer dimethylallyl diphosphate (DMAPP)
by geranyl diphosphate synthase (GPPS). GPP under
goes further isomerazation, acetylation, deacetylation,
cyclization and dehydrogenation to form varies
monoterpene and terpenoid compounds in the presense
of Terpene synthase (GES) and terpene cyclase
(TEC) enzymes. GPP initiates the formation of
Farnesyl diphosphate (FPP) a precursor molecule
leading to sesquiterpenoid compounds by addition of
IPP in the presense of enzyme Farneyl diphosphate
synthase (FPPS). A diterpine precursor molecule
Geranylgeranyl diphosphate (GGPP) is obtained by
the addition of IPP for FPP with the enzyme
Geranylgeranyl diphosphate synthase (GGPPS). The
reaction of geranyl pyrophosphate with isopentenyl
pyrophosphate results in the 15-carbon fernesyl
pyrophosphate (FPP), which is an intermediate in the
biosynthesis of sesquiterpenes. GPP initiates the
formation of Farnesyl diphosphate (FPP) a precursor
molecule leading to sesquiterpenoid compounds by
addition of IPP in the presense of enzyme Farneyl
diphosphate synthase (FPPS). A diterpine precursor
molecule Geranylgeranyl diphosphate (GGPP) is
obtained by the addition of IPP for FPP with the

enzyme Geranylgeranyl diphosphate synthase
(GGPPS).

Ethno-medical Properties of the Essential Oil
Compounds

C. martinii shows medicinal properties and used for
the treatment of joint pain, respiratory diseases,
anorexia, intestinal worms, skin diseases, diarrhea,
fever, disorders of spleen, liver disorders, bleeding
disorders, cough, epilepsy, heart disease. C. martinii
was used in Ayurveda since ancient times. Charak
gave the decoration of whole plant in the treatment of
abdominal disorders, liver disorders of spleen
(Avicenna, 2019).

Pale greenish-yellow scented palmarosa oil obtained
from the plant used in different formulations and
applied topically for alopecia, lumbago, skin diseases,
dryness, wrinkles, dermatitis & stiff joints (Lodhia
et al., 2009). It is also used in Aromatherapy to
alleviate stress, tendion, anxiety and calm the emotions
and it stimulates cell rejuvenation (Kandhasamy and
Kim, 2016). The oil is given internally for bilious
complains (Lodhia et al., 2009). The oil is in high
demand in perfumery, soap, cosmetics and blending
tobacco products industries (Asja and Iris, 2016). Oil
is applied topically to minimise appearance of stretch
marks and scars (Ane Orchard and Sandy, 2017). The
leafin fusion is applied to treat joint pain (Sonali ez al.,
2014). The plant shows antifungal, antiseptic, antiviral
activities. It has bactericidal, Cicatrizant,
Cytrophylactic, Febrifuge, Hydrating, Nervine
properties (Sangeeta and Soni, 2014). Palmorosa
essential oil is non-toxic, completely safe for topical
use and shows fertility reducing & abortifacient
activities on oral use (Lodhia et al., 2009).

Essential oils are widely used in aromatherapy
procedures (Camila and Jiri, 2018). The essential oil
due to their therapeutic properties are also used in
food product, in dermatology, and in the fragrance and
cosmetic industries. When compared to the cultivar
varieties of CSIR-CIMAP (Palace et al., 2020), the
wild C. martinii studied showed reduced plant height
(1.5 m) with reduced leaf width and erect
inflorescence as modification for withstanding drought
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stress. Environmental stress leading for reduced leaf
area and enhanced glandular trichome formation
leading to enhanced essential oil production and
deporsition in the glands has been reported (Delfine
et al., 2005).

The essential oil of wild C. martinii showed 66
compounds dominated by oxyginated sesquiterpenes
and monoterpenes. The production of higher
percentages of essential oil compounds in the wide
genotype when compared to cultivar variety is
influenced by the ontogeny, developmental stage and
environmental condition (Padalia et al., 2011, Smitha
et al., 2008). Drought stress reduces transpiration rate
and CO, intake and increases the supply of
NADPH+H" thus enhancing the secondary metabolic
pathways for essential oil production (Khalid, 2006).
The environmental stress has led to upregulation of
the genes involved in essential oil biosynthesis (Mahajan
et al., 2020; Palace et al., 2020).

During the present study, a new carotol-rich chemotype
of Palmarosa is identified. The newly identified
chemotype is widly distributed in the Aravali range of
Akkur, which can be commercially utilized for its
essential oil, composition which can be explored further
for different bioactivities.
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