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Abstract: Curcuma inodora Blatt. (Zingiberaceae), a peninsular Indian endemic, stands out as one of
the least explored Curcuma species despite folk uses for inflammation, pain, and digestion. This review
consolidates its sesquiterpene-dominant phytochemistry: leaf oils feature caryophyllene (~31%),
benzofuran derivatives (~21%), y-elemene, phytol, and minor o-bisabolol; rhizome oils from Konkan
show a-bisabolol as the standout major (up to 62.13%), with p-bisabolene and p-thujene, firmly
anchoring it in the essential oil-rich chemotype, distinct from curcuminoid-heavy species like C. longa.
Non-volatiles (phenolics, flavonoids, diarylheptanoids, curcuminoids) remain undetected, though genus
biosynthetic conservation implies potential presence. Recent in vitro, in silico, and toxicity data reveal
robust antimicrobial, antioxidant (DPPH/NO scavenging), and anti-inflammatory effects, largely driven
by a-bisabolol, plus excellent safety (LDso > 2000 mg/kg) and favourable ADME. These results validate
traditional applications and signal strong therapeutic promise. Yet major gaps persist: non-volatile
profiling (LC-MS/HRMS/NMR), population metabolomic variability, and full pharmacological
validation. Urgent multidisciplinary work is needed to map unique markers, refine chemotaxonomic
placement, and unlock C. inodora’s potential in natural products and herbal medicine.
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1. Introduction

Medicinal plants remain one of the most important sources of structurally diverse bioactive molecules and continue to
play a vital role in modern drug discovery, traditional healthcare, and nutraceutical research. A substantial proportion of
approved therapeutic agents originate directly or indirectly from natural products, highlighting the continued relevance
of phytochemical investigations [1,2]. Among medicinal plant families, Zingiberaceae occupies a prominent position
due to its aromatic rhizomatous members and a wide spectrum of secondary metabolites. Plants belonging to this
family are widely used in food, cosmetics, and medicine, and their pharmacological properties are mainly attributed to
terpenoids, diarylheptanoids, phenolics, and flavonoids that exhibit antioxidant, anti-inflammatory, antimicrobial,
hepatoprotective, and anticancer activities [3,4].

Within this family, the genus Curcuma is one of the most taxonomically complex and pharmacologically significant
groups, comprising more than 100 species distributed mainly in tropical Asia. India is considered one of the primary
centres of diversity for this genus, with several species integral to Ayurvedic and folk medicine [5]. Well-known
members such as turmeric (Curcuma longa), zedoary (Curcuma zedoaria), and wild turmeric (Curcuma aromatica)
have been extensively studied for their chemical composition and therapeutic potential. These species are particularly
valued for their essential oils rich in mono- and sesquiterpenes, along with diarylheptanoids such as curcuminoids that
contribute to their biological activities [6—8].
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Phytochemically, Curcuma species are characterized by three major classes of metabolites: volatile terpenoid-rich
essential oils, curcuminoid-type diarylheptanoids, and diverse phenolic and flavonoid constituents. These metabolites
are produced through conserved biosynthetic pathways and often vary among species due to ecological adaptation,
genetic variability, and environmental factors [4,9]. Such variation makes phytochemical profiling an important tool not
only for identifying pharmacologically valuable compounds but also for understanding evolutionary relationships
within the genus. While commercially important species have received substantial scientific attention, many endemic or
regionally distributed taxa remain insufficiently explored.

One such under-studied species is Curcuma inodora Blatt., a rthizomatous herb endemic to peninsular India and found
in lateritic plateaus, open forest habitats, and monsoon-dependent ecosystems. Ethnobotanical reports indicate its
traditional use in the management of inflammation, muscular pain, digestive disturbances, and certain stress-related
disorders, suggesting the presence of bioactive secondary metabolites [10]. Despite these traditional claims, only
limited phytochemical investigations have been carried out, with most available information restricted to preliminary
essential oil analysis. Interestingly, although the species is described as relatively non-aromatic compared to turmeric,
analytical studies have confirmed the presence of sesquiterpenes, oxygenated terpenoids, and other volatile compounds
[11].

Given the chemical richness of the genus and the medicinal relevance of endemic species, a consolidated review of the
phytochemical profile of Curcuma inodora is both timely and necessary. The present article, therefore, aims to compile
available chemical data on the species, analyse its known metabolite composition, and compare it with other well-
studied Curcuma taxa to identify chemotaxonomic patterns and research gaps. By integrating existing literature with
genus-level phytochemical insights, this review seeks to provide a scientific foundation for future studies on
metabolomics, bioactivity-guided isolation, and pharmacological evaluation of this promising but insufficiently
explored medicinal plant.

2. Botanical Overview and Distribution

Curcuma inodora Blatt. is a perennial rhizomatous herb belonging to the family Zingiberaceae, a group characterized
by aromatic species with underground storage organs rich in essential oils and secondary metabolites. Morphologically,
the species shares several diagnostic features with other members of the genus Curcuma, including stout fleshy
rhizomes, pseudostems formed by overlapping leaf sheaths, and broad lanceolate leaves arranged in two rows. The
inflorescence typically emerges from the rhizome and bears pale yellow to creamy-white flowers enclosed within green
bracts. In contrast to well-known species such as turmeric, the rhizomes of C. inodora possess only a faint aroma,
which is reflected in its specific epithet. The plant follows a seasonal growth pattern common to tropical geophytes,
showing vigorous vegetative growth during the monsoon and entering dormancy during the dry season [12,13].

The species is considered endemic to peninsular India and has been documented primarily from lateritic plateaus, moist
deciduous forests, and open scrub habitats of Maharashtra, Karnataka, and neighbouring regions. It prefers well-
drained, iron-rich soils and is often found in monsoon-dependent herbaceous communities that emerge after seasonal
rainfall. Floristic surveys indicate that C. inodora occurs in scattered, localised populations rather than in continuous
distributional ranges, suggesting ecological specificity and possible sensitivity to habitat alteration [14,15]. Such
restricted distribution is typical of several endemic Curcuma taxa and is of particular interest from both conservation
and phytochemical perspectives, since geographically confined species often develop distinct metabolite profiles
shaped by localized environmental pressures and evolutionary adaptation [16].
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Fig. 1. C.inodora species in its natural habitat and its inflorescence

3. Phytochemical Investigations of C. inodora
3.1 Essential Oil Composition
The first detailed phytochemical study of C. inodora was carried out through gas chromatography—mass spectrometry
(GC-MYS) analysis of its leaf essential oil, which revealed a complex mixture of volatile metabolites dominated by
sesquiterpenoid compounds. The presence of such terpenoid-rich fractions is consistent with the chemical pattern
observed in several species of the genus, where essential oils constitute an important component of the plant’s
defensive and pharmacologically active metabolites [17]. Quantitative analysis demonstrated that caryophyllene-type
sesquiterpenes form the principal fraction of the oil. In addition, benzofuran derivatives and substituted cyclohexane
compounds were detected in significant proportions. Other constituents such as y-elemene, a-caryophyllene, B-pinene,
phytol, and a-bisabolol were present in smaller amounts, indicating a chemically diverse volatile profile. The major
constituents reported from the leaf oil are summarized in Table 1.

Table 1. Major constituents of C. inodora leaf essential oil

Compounds Approximate percentage
Caryophyllene ~31%
Benzofuran derivatives ~21%
Cyclohexane derivatives ~11%
a-Caryophyllene ~6%
v-Elemene ~5%
B-Pinene ~4%
Phytol ~3%
a-Bisabolol ~2%

The predominance of caryophyllene-type sesquiterpenes in C. inodora is consistent with essential oil compositions
reported for several medicinal Curcuma species, where such compounds frequently represent major bioactive
components. Caryophyllene and its derivatives have been widely associated with anti-inflammatory, antimicrobial,
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antioxidant, and cytoprotective properties, while compounds such as bisabolol and elemene derivatives are known for
their therapeutic relevance in antimicrobial and anticancer research. The occurrence of these metabolites therefore
provides a plausible phytochemical basis for some of the ethnomedicinal uses attributed to the plant and highlights the
pharmacological potential of its volatile fraction [17].

3.2 Terpenoid and Sesquiterpenoid Chemistry

Terpenoids constitute the dominant class of secondary metabolites reported in C. inodora, particularly within its
volatile fraction [11] as depicted in Table 2. Current evidence indicates that the species synthesizes a range of
sesquiterpene hydrocarbons, oxygenated sesquiterpenes, and smaller quantities of monoterpenes. Such a profile is
consistent with the general metabolic pattern of the genus Curcuma, in which terpenoid-rich essential oils form a major
chemotaxonomic feature and contribute significantly to biological activity. The presence of compounds such as
caryophyllene derivatives, bisabolol analogues, and elemene-type molecules suggests that the plant shares biosynthetic
pathways common to other medicinally important members of the genus [18,19].

Table 2. Major constituents of C. inodora rhizome essential oil

Sr. No. Components

Approximate

(%)
1. B - Thujene 423
2. 4-Terpinol 2.99
3. Oxiranemethanol,3-methyl-3-(4-methyl-3-pentyl) 3.37
4. Cyclopropanemethanol, a,2-dimethyl-2-[(4-methyl-3-pentenyl)- | 7.45

[To(R*)2a]

5. B -Farnesene 3.09
6. D-nerolidol 1.15
7. Trans-Z-a-Bisabolene epoxide 1.02
8. 6,11-Dimethyl -2,6,10-dodecatrien-1-ol 1.72
9. Bisabolol oxide-I1 7.63
10. o. - Bisabolol 66.13
11. Retinal 1.14

In related Curcuma species, terpenoid constituents are known to play a key pharmacological role. Turmerones from
Curcuma longa and curzerenone-type sesquiterpenes from Curcuma zedoaria have demonstrated anti-inflammatory,
antioxidant, and cytotoxic activities, indicating the therapeutic relevance of these metabolite groups. Particularly
noteworthy is the occurrence of elemene derivatives in C. inodora, since B-elemene has been widely investigated for its
anticancer potential, including tumor growth inhibition and apoptosis induction. The detection of such compounds
supports the medicinal significance of the species and highlights the need for further phytochemical and bioactivity-
guided studies to fully explore its pharmacological potential [9,17, 20,21, 22, 23].

3.3 Phenolics, Curcuminoids, and Diarylheptanoids (Probable Constituents)

To date, the direct isolation of curcuminoids or related diarylheptanoids from C. inodora has not been conclusively
documented. Nevertheless, comparative phytochemical studies across the genus Curcuma indicate that many species
consistently accumulate phenolic metabolites such as curcumin analogues, demethoxycurcumin derivatives,

diarylheptanoid-type compounds, as well as associated flavonoids and tannins. These compounds arise from conserved
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phenylpropanoid and polyketide biosynthetic pathways that are widely distributed among rhizomatous members of the
Zingiberaceae, suggesting that similar metabolite classes may also be present in C. inodora [24,25].

Evidence from closely related taxa further supports this possibility. Species such as Curcuma aromatica and other
medicinal members of the genus have been reported to contain both volatile terpenoids and non-volatile phenolic
constituents, including curcuminoid-type molecules and structurally related diarylheptanoids. Given this strong
biosynthetic conservation within the genus, it is reasonable to hypothesize that C. inodora may also synthesize
comparable compounds. However, confirmation of these metabolites will require targeted chromatographic isolation,
LC-MS profiling, and spectroscopic characterization to establish its non-volatile phytochemical composition with
certainty [26, 27].

3.4 Other Secondary Metabolites

Preliminary phytochemical screening and genus-level comparisons indicate that C. inodora may contain additional
minor secondary metabolites such as flavonoids, tannins, steroidal compounds, long-chain hydrocarbons, and diterpene
alcohols, including phytol. Although these constituents have not yet been conclusively isolated from this species, their
widespread occurrence in other Curcuma species suggests a similar metabolic pattern. Such compounds are commonly
associated with antioxidant, anti-inflammatory, and protective biological roles, implying that they may contribute to the
overall pharmacological potential of C. inodora. However, targeted chromatographic and spectroscopic investigations
are still required to verify their presence and determine their quantitative significance [28].

4. Comparative Phytochemistry Across the Genus Curcuma

Comparative phytochemical assessment across the genus Curcuma indicates that while well-studied species such as C.
longa, C. zedoaria, and C. aromatica contain diverse secondary metabolites including curcuminoids, sesquiterpenes,
phenolics, and flavonoids that define their medicinal and aromatic value, the chemistry of C. inodora remains less
explored. Available evidence suggests that it is primarily characterized by sesquiterpene-rich essential oils, making it
chemically closer to aromatic species than to curcuminoid-dominant taxa. Overall, the genus shows clear
chemotaxonomic diversity, with species-specific metabolite signatures, and current data place C. inodora within the
sesquiterpene-dominant group, though further studies are needed to confirm the presence of curcuminoids or related
diarylheptanoids in minor quantities.

Table 2. Major phytochemical classes reported in selected Curcuma species

Species Major phytochemicals Key
references
Curcuma longa Curcumin, demethoxycurcumin, turmerones, zingiberene, | 29
flavonoids
Curcuma zedoaria Curzerenone, germacrone, curdione, furanodiene-type | 30
sesquiterpenes
Curcuma aromatica Curcumene, xanthorrhizol, essential oils, terpenoids 31
Curcuma amada Mangiferin, phenolics, essential oils, terpenes 32
Curcuma caesia Camphor, ar-turmerone, cineole, sesquiterpenes 33
Curcuma inodora a-Bisabolol, [-Bisabolene, Caryophyllene, benzofuran | 11,17,18
derivatives, phytol, elemene-type sesquiterpenes
Table 3. Comparative secondary metabolite distribution
Metabolite class Presence in genus Evidence in C. inodora
Sesquiterpenes Very common Confirmed
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Monoterpenes Common Minor presence
Curcuminoids Widespread Not yet confirmed
Phenolics Common Expected
Flavonoids Common Probable

Steroids Occasional Possible

5. Chemotaxonomic Significance

Phytochemical profiles frequently provide important insights into evolutionary relationships within plant genera, and
the genus Curcuma is well known for exhibiting chemically distinct lineages based on secondary metabolite
dominance. Species rich in curcuminoids, such as Curcuma longa, differ markedly from those characterized by
abundant essential oils and sesquiterpenes. The available phytochemical data for C. inodora, particularly the
predominance of sesquiterpene constituents in its essential oil, support its placement within the essential-oil-rich
chemotype of the genus. Such patterns are consistent with earlier chemotaxonomic studies showing that terpenoid
composition often correlates with phylogenetic clustering in Zingiberaceae plants [34, 35].

Interestingly, despite active terpenoid biosynthesis, C. inodora lacks the strong rhizome aroma typical of many
aromatic Curcuma species. This feature may be explained by relatively low essential-oil accumulation in underground
parts, preferential synthesis of volatiles in aerial tissues such as leaves, or ecological and environmental influences on
secondary metabolism. Similar metabolic plasticity has been reported in other Curcuma taxa where geography, climate,
and developmental stage influence oil composition and yield. Comprehensive metabolomic and population-level
phytochemical studies are therefore needed to determine whether C. inodora represents a chemically intermediate
lineage within the genus or a distinct sesquiterpene-specialized species [36].

6. Pharmacological Potential of Curcuma inodora

Although pharmacological investigations of C. inodora have been limited until recently, emerging studies on its
essential oil provide direct evidence of promising biological activities. A key investigation by Nagore et al. on rhizome
essential oil from the Konkan region (a biodiversity hotspot) revealed a bisabolol-rich profile, with a-bisabolol as the
dominant constituent (62.13% in hydrodistilled extract; 45.64% in ultrasound-assisted solvent extract), alongside -
bisabolene, B-thujene, and other sesquiterpenes. This composition supports potential anti-inflammatory, antimicrobial,
antioxidant, and related effects, as demonstrated through comprehensive in-vitro, in-silico, and in-vivo evaluations
[11,37].

The oil exhibited potent antibacterial activity against tested strains, strong antifungal effects (particularly against
Candida albicans), significant antioxidant potential (notably in nitric oxide scavenging, alongside DPPH), and notable
anti-inflammatory properties (via protein inhibition assays). These findings align with the known bioactivities of
sesquiterpenes like a-bisabolol, which interacts with inflammatory pathways, and bisabolene derivatives, contributing
to gastroprotective, analgesic, immunomodulatory, and cytoprotective roles. Molecular docking confirmed strong
binding affinities of a-bisabolol to relevant target proteins (e.g., binding energies of -7.01 to -8.15 kcal/mol for anti-
bacterial, anti-fungal, anti-oxidant, and anti-inflammatory targets), while SwissADME profiling indicated favorable
pharmacokinetics (high GI absorption, no Lipinski violations, good bioavailability). Acute oral toxicity studies in
Wistar rats showed LDso > 2000 mg/kg with no adverse histopathological effects, confirming safety.

Sesquiterpenes such as B-caryophyllene are known to interact with inflammatory signalling pathways and exhibit
gastroprotective, analgesic, and immunomodulatory activities. Likewise, elemene-type compounds have attracted
attention for their reported anticancer and cytotoxic effects in several medicinal plants. If present in sufficient
concentrations, these molecules could contribute significantly to the pharmacological potential of C. inodora. However,
direct bioactivity studies using extracts or isolated constituents from this species are still lacking, and systematic
pharmacological evaluation is required to validate its medicinal relevance [38].
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In addition to terpenoids, the probable occurrence of phenolics, flavonoids, and minor diterpenes may enhance its
antioxidant and protective properties through synergistic mechanisms. Many Curcuma species show multi-target
pharmacological effects due to the combined action of volatile oils and non-volatile phenolic compounds. Therefore,
integrated phytochemical-pharmacological studies will be essential to determine whether C. inodora can be considered
a medicinally valuable species or primarily a chemotaxonomic interest plant [39].

7. Research Gaps and Future Perspectives

Despite the botanical recognition of C. inodora, its phytochemistry remains insufficiently explored compared with
other members of the genus. Existing studies are largely restricted to essential-oil profiling, with very limited data on
non-volatile constituents such as curcuminoids, diarylheptanoids, flavonoids, or glycosides. Comprehensive
chromatographic investigations using LC-MS, HRMS, and NMR-guided isolation are therefore needed to establish its
complete metabolite spectrum. Such work would help determine whether the species possesses unique marker
compounds or shares conserved biosynthetic pathways with other Curcuma taxa [11].

Another major research gap concerns pharmacological validation. To date, few systematic in vitro or in vivo studies
appear to have evaluated antioxidant, anti-inflammatory, antimicrobial, or cytotoxic activity of C. inodora extracts.
Considering the bioactive terpenoid profile suggested by essential-oil studies, screening against inflammation-related
enzymes, microbial pathogens, and cancer cell lines would be particularly valuable. Integrating phytochemical profiling
with bioassay-guided fractionation could reveal novel therapeutic leads and establish its medicinal significance [37].
Future research should also address ecological and metabolic variability. Comparative metabolomic studies across
geographical populations, developmental stages, and plant parts may clarify whether the species shows chemical
polymorphism similar to that reported in other Curcuma plants. Such information would be crucial for
chemotaxonomy, conservation strategies, and potential cultivation. Overall, C. inodora represents a promising but
underexplored member of the genus, and systematic multidisciplinary investigation could significantly enhance its
scientific and medicinal relevance [40].

8. Conclusion

This review consolidates the current understanding of Curcuma inodora Blatt., an under-investigated Curcuma species
defined by its sesquiterpene-dominant essential oils, particularly high a-bisabolol content in rhizome extracts, placing it
firmly within the essential oil-rich chemotype, distinct from curcuminoid-dominant taxa such as C. longa. While non-
volatile constituents, detailed pharmacological profiles, and metabolomic variability remain largely unexplored,
emerging bioactivity data suggest promising medicinal relevance. Comprehensive phytochemical isolation, population-
level metabolomics, and systematic bioactivity evaluation are now essential. Overall, C. inodora represents a promising
yet underexplored taxon whose rigorous investigation could significantly advance chemotaxonomy, natural product
discovery, and therapeutic applications.
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