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In� uence of growth
stage on the chemical
composition, antimicrobial,
and antioxidant potential of
Cymbopogon martinii (Roxb.)
Wats. essential oil
Priyankaraj Sonigra and Mukesh Meena*

Laboratory of Phytopathology and Microbial Biotechnology, Department of Botany, Mohanlal
Sukhadia University, Udaipur, Rajasthan, India
Introduction: Cymbopogon martinii (Roxb.) Wats. essential oil (CMEO) exhibits
signi� cant variation in composition and bioactivity across different growth stages.
Understanding these changes is crucial for optimizing its therapeutic and
industrial applications.
Methods: CMEO was extracted at the vegetative, reproductive, and post-
reproductive stages using hydro-dis tillation. Chemical composition was
analyzed by GC-MS. Antimicrobial activity was assessed using disc diffusion
and direct contact assays, while antioxidant potential was evaluated through
DPPH, ABTS, andb-carotene bleaching assays. Correlation analysis was
performed to link major bioactive compounds with biological activities.
Results: A total of 59 compounds were identi � ed, with the reproductive stage
showing the highest diversity (49 compounds, 97.86%) and oil yield. Major
compounds varied across stages: carveol (20.87%), trans-p-mentha-1(7),8-
dien-2-ol (12.9%), and D-limonene (6.2%) dominated the vegetative phase; cis-
piperitol (15.27%), cis-p-mentha-1(7),8-dien-2-ol (15.52%), and carvone (3.31%)
were abundant in the reproductive phase; while the post-reproductive phase
was rich in trans-p-mentha-1(7),8-die n-2-ol (19.58%) and carveol (11.32%).
Antibacterial and antifungal activities were highest during the reproductive
stage, particularly against Staphylococcus aureus and Alternaria alstroemeriae.
Antioxidant potential peaked during the post-reproductive phase, with the
lowest IC50 values.
Discussion: Correlation analysis revealed negative associations between key
bioactive compounds (e.g., carvone, D-limonene, a-methylcinnamaldehyde, and
(S)-perillyl alcohol) and microbial/o xidative inhibition thresholds, con � rming their
contribution to CMEO bioactivity. These � ndings highlight the critical role of harvest
timing in maximizing the chemical richness, antimicrobial ef � cacy, and antioxidant
potential of CMEO.
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GRAPHICAL ABSTRACT
1 Introduction
Cymbopogon martinii (Roxb.) Wats., commonly known as

palmarosa, is a perennial aromatic grass of the Poaceae family,
cultivated primarily for its essential oil (EO), which holds high
economic and industrial value in the pharmaceutical, cosmetic, and
food sectors. It has gained signi�cant economic importance due to its
essential oil, which is rich in geraniol and other oxygenated
monoterpenes. Globally, the palmarosa oil market was valued at
approximately USD 120 million in 2023 and is projected to reach
around USD 220 million by 2032, growing at a compound annual
growth rate (CAGR) of ~6.5% (Dataintelo, 2023). India is the leading
producer, accounting for nearly 80% of the global output, with an
estimated production volume of approximately 2,000 metric tons per
year (Market Report Analytics, 2023). Export analysis of Indian
palmarosa oil between 2000 and 2020 revealed a CAGR of 22.3% in
volume and 39.2% in export value, re�ecting robust international
demand in aromatherapy, perfumery, cosmetics, and natural
preservatives (Choudhri et al., 2022). These trends underline the
industrial and therapeutic relevance of optimizing harvest timing
and essential oil composition, as investigated in the present study.
Native to the Indian subcontinent and parts of Southeast Asia, C.
martinii is one of approximately 140 species within the Cymbopogon
genus, many of which are renowned for their rich essential oil content
and broad biogeographical distribution across Africa, Asia, Australia,
and the Americas (Jagadish Chandra, 1975; Prashara et al., 2003; Rao
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et al., 2005). Essential oils are volatile, aromatic plant metabolites
stored in specialized secretory tissues and are widely recognized for
their functional roles in plant defense and communication. Their
bioactive properties, particularly antimicrobial and antioxidant
activities, are increasingly valued as natural alternatives to synthetic
preservatives in food systems and other applications (Rastogi et al.,
2001; Mkaddem Mounira, 2024). These properties are largely
attributed to diverse classes of phytochemicals, including
monoterpenes, sesquiterpenes, aldehydes, and phenolic compounds.

The essential oil of C. martinii (CMEO) is rich in biologically
active constituents such as geraniol, geranyl acetate, linalool,
farnesol, caryophyllene, and nerolidol, which have demonstrated
antimicrobial, antioxidant, insecticidal, and anti-in�ammatory
properties (Mallavarapu et al., 1998; Raina et al., 2003;
Kakaraparthi et al., 2015; Liu et al., 2017; Chellappandian et al.,
2018; Sharma et al., 2023; Tit and Bungau, 2023). Prior research has
established that, the chemical composition and ef�cacy of EOs can
vary considerably based on several factors, including geographic
location, climate, soil conditions, and notably, the plant�s
developmental stage at the time of harvest (Moghaddam and
Mehdizadeh, 2017; Chrysargyris et al., 2021; Jangi et al., 2022).
Growth stage�related variation in EO composition is especially
critical, as it can directly affect the biological activity and
commercial value of the oil (Saeb and Gholamrezaee, 2012).

Although the essential oil (EO) of Cymbopogon martinii has
been previously studied for its phytochemical composition and
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