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Abstract: The present investigation explores the phytochemical composition and 

bioactive potential of the methanolic extract of Hyophila involuta, a commonly 

occurring moss species in India. Gas Chromatography–Mass Spectrometry (GC-

MS) analysis was employed to characterize the volatile constituents of the extract, 

resulting in the identification of 37 compounds within a retention time range of 

[4.91–42.52 min]. The phytochemical profile revealed the predominance of 

terpenoids, phenolic compounds, fatty acids, and alkaloids. Among the identified 

constituents, [9-Octadecenoic acid (Z)-, methyl Ester and 9-Octadecenoic acid, 

methyl ester, (E)-] was detected as a major compound based on its relative peak 

area. Several of the identified compounds were reported in the literature to exhibit 

antioxidant, antimicrobial, and anti-inflammatory activities, indicating the 

potential pharmacological relevance of H. involuta. The findings provide scientific 

insight into the medicinal significance of this bryophyte and establish a baseline 

phytochemical dataset for future quantitative and bioactivity-guided 

pharmacological investigations of H. involuta collected from Mount Abu, India. 

INTRODUCTION 

Bioactive chemicals found in plants are abundant and essential for the manufacturing of 

nutraceuticals, pharmaceuticals, and other products like cosmetics, food colors, and flavors, 

especially in biodiversity rich countries like India (Gomathi et al., 2013). These substances, 

sometimes referred to as secondary metabolites, are essential to the creation of new drugs.  

Terpenoids, alkaloids, saponins, tannins, flavonoids, and phenolics have been found in plant 

extracts using phytochemical screening. These compounds have a variety of biological actions, 

such as anti-inflammatory, antioxidant, anticancer, and antibacterial qualities (Starlin et al., 

2019). 

Bryophytes represent an early-diverging lineage of land plants with considerable yet 

underexplored phytochemical diversity. Despite their ecological significance, less than 10% of 

bryophyte species have been investigated for their chemical composition (Asakawa, 2004). 

Recent studies have reported more than 400 bioactive compounds from bryophytes, including 

terpenoids, phenolics, glycosides, flavonoids, lipids, and diterpenoids (Alam, 2012). While 

liverworts are particularly rich in terpenoids, mosses remain comparatively less studied, though 

they are known to produce terpenoids, flavonoids, and bibenzyl derivatives (Asakawa et al., 
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2013). Terpenoids isolated from bryophytes have demonstrated antimicrobial, antifungal, 

cytotoxic, and anti-inflammatory activities, highlighting their pharmaceutical potential (Chen 

et al., 2018; Ludwiczuk & Asakawa, 2019; Whitehead et al., 2018). 

Hyophila involuta (Hook.) A. Jaeger is a terrestrial moss belonging to the family Pottiaceae, 

commonly distributed in tropical and subtropical regions of India, particularly on moist soil, 

rocks, and walls. The species is known for its ecological adaptability and tolerance to 

desiccation and environmental stress, suggesting the presence of protective secondary 

metabolites. Despite its widespread occurrence and ecological importance, phytochemical and 

pharmacological studies on H. involuta are extremely limited, with no comprehensive GC-MS–

based profiling reported to date. This lack of chemical characterization underscores the 

necessity of investigating H. involuta to understand its phytochemical composition and 

potential bioactive properties. 

Mosses have a haploid gametophytic dominant vegetative phase, fewer chromosomes, a 

relatively simple structure, and less morphological variability throughout the course of the 

growth season (Joshi & Alam, 2023).  Hyophila involuta is a moss that grows in lawns and has 

upright stems. The small leaves of Hyophila involuta are arranged in rosettes, giving the plant 

a characteristic star-like appearance. The species is widely distributed across low to high 

elevations and colonizes a variety of substrates, including soil, rocks, logs, rock fissures, and 

walls, reflecting its ecological adaptability (Aslanbaba et al., 2017). 

In view of its widespread occurrence and limited phytochemical characterization, the present 

study aimed to evaluate the chemical constituents of the whole-plant methanolic extract of H. 

involuta using Gas Chromatography–Mass Spectrometry (GC-MS). GC-MS is a well-

established and reliable analytical technique for profiling secondary metabolites in plant 

extracts and provides valuable insight into their potential bioactive compounds. 

These bioactive compounds find applications in the pharmaceutical, food, and cosmetics 

industries, among others (Uma et al., 2009). GC-MS combines two analytical techniques: gas 

chromatography separates the components of the given mixture, and mass spectrometry 

analyzes each compound separately. It is an important tool nowadays in the phytochemical 

analysis of plant extracts containing bioactive compounds. Despite increasing recognition of 

bryophytes as sources of unique secondary metabolites, Hyophila involuta remains largely 

unexplored in terms of its phytochemical composition. Owing to its wide ecological distribution 

and tolerance to environmental stress, it was hypothesized that H. involuta synthesizes a diverse 

array of secondary metabolites with potential bioactive relevance. However, comprehensive 

chemical profiling of this species is currently lacking. To address this gap, the present research 

article reports a detailed GC-MS–based phytochemical analysis of the methanolic extract of 

Hyophila involuta collected from Mount Abu (Rajasthan), India. This study represents the 

systematic report on the volatile phytochemical constituents of H. involuta from this region and 

establishes a baseline for future quantitative and bioactivity-guided pharmacological 

investigations. 

METHODS 

Chemicals 

HI Media, Sigma, and SRL provided all of the analytical-grade chemicals and reagents used in 

this study. 

Collection of plant material and identification 

In August and September of 2023, plant material of the bryophyte Hyophila involuta was 

gathered from various locations in Mount Abu (District Sirohi, Rajasthan), India. Plant 

specimens were carefully gathered by selecting only uniform areas devoid of dead and 

decomposing material because they have a tendency to grow closely together.  Terrestrial and 

corticolous habitats, including tree surfaces, rocks, soil-covered rocks, wet rocks, etc., are 

always represented among the specimens that are gathered. The plant specimens were identified 
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and authenticated by the corresponding author himself. Herbarium of the bryophyte, H. involuta 

was prepared and deposited in BURI Herbarium (Herbarium number: BURI-1738/2024). 

Preparation of plant extract 

Fresh plant material of Hyophila involuta was ground using liquid nitrogen and subsequently 

air-dried at room temperature. The dried material was powdered and stored in an airtight 

container at 4 °C, pending further utilization. (Mehra & De, 2017). For extraction, 10 g of 

powdered plant material was subjected to Soxhlet extraction using 150 mL of methanol for 12 

h at 40–45 °C, until the solvent in the extraction chamber became colorless. The methanolic 

extract was then concentrated to dryness, yielding 2.5 g of crude extract, which corresponds to 

a percentage yield of 25% (w/w) based on the dry weight of the plant material. 

Preliminary phytochemical screening  

The methanolic extract of H. involuta was tested in triplicate for various phytochemicals using 

previously described procedures (Harborne, 1998; Kumar et al., 2007; Soni & Sosa, 2013).  

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis 

The methanolic extract of Hyophila involuta was analyzed using a Thermo Scientific™ 

TRACE™ 1300 gas chromatograph coupled with a TSQ 8000 Evo triple quadrupole mass 

spectrometer. The extract prepared using Soxhlet method was dissolved in 1 mL of HPLC-

grade methanol and filtered through a 0.22 μm syringe filter before GC-MS analysis. The 

analysis was performed on a TG-5MS capillary column (30 m × 0.25 mm i.d., 0.25 μm film 

thickness) with helium as the carrier gas at a constant flow rate of 1.0 mL/min. The sample was 

injected in splitless mode with an injection volume of 1 μL, and the injector temperature was 

set at 250 °C. The GC oven temperature was programmed as follows: it was initially held at 60 

°C for 2 minutes, then increased at a rate of 10 °C per minute to 200 °C and held for 5 minutes. 

This was followed by a ramp of 5 °C per minute to 280 °C, with a final hold of 10 minutes. The 

mass spectrometer operated in electron impact (EI) mode at 70 eV. The ion source temperature 

was set at 230 °C, the transfer line at 280 °C, and the quadrupole temperature at 150 °C. Mass 

spectra were acquired in full scan mode over a mass-to-charge (m/z) range of 40–600. 

Numerous chemicals were identified as a consequence of the GC-MS analysis of the methanolic 

extract of H. involuta. Mass spectrometry in conjunction with GC was used to identify these 

chemicals. The National Institute of Standards and Technology (NIST) library was used to 

analyze the resulting mass spectrum.  The standard mass spectra of well-known chemicals kept 

in the NIST collection were compared to the substances identified in the spectrum of the 

methanolic extract of H. involuta. 

RESULTS 

Preliminary phytochemical screening of the methanolic extract of H. involuta revealed the 

presence of alkaloids, anthraquinones, flavonoids, phenols, saponins, and sterols, whereas 

cardiac glycosides were absent (Table 1).  

Table 1. Phytochemical constituents of methanolic extracts of Hyophila involuta. 

Phytochemical constituents Test/ Reagents Result 

Alkaloids Dragendorff’s test ++ 

Anthraquinones Borntrager’s test ++ 

Cardiac glycosides Keller–Killiani - 

Flavonoids Shinoda test +++ 

Phenols Ellagic acid test +++ 

Saponins Froth formation test ++ 

Sterols Liebermann-Burchardt test ++ 

*Symbols denote Concentration (+) Low, (++) Moderate, (+++) High and (-) Negligible Concentration 
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The relative abundance of metabolites was evaluated using a semi-quantitative scoring system 

based on the intensity of color change or reaction, where “+” indicates low, “++” moderate, and 

“+++” high abundance. Flavonoids and phenols exhibited the highest relative abundance (+++), 

while alkaloids, anthraquinones, saponins, and sterols were present at moderate levels (++). 

Each test was performed in triplicate, and results were consistent across replicates, providing 

reliability to the observations. 

GC-MS Profiling of The Methanolic Extract of Hyophila involuta 

GC-MS analysis of the methanolic extract of Hyophila involuta revealed a diverse array of 

bioactive compounds. The chromatogram (Figure 1) displayed well-resolved peaks, with 

retention times ranging from 4.91–42.52 min], indicating the presence of multiple volatile and 

semi-volatile metabolites. Table 2 summarizes the identified compounds, which were 

predominantly fatty acids and their methyl esters, including undecanoic acid, 10-methyl-, 

methyl ester; 17-octadecynoic acid, methyl ester; tetradecanoic acid, 12-methyl-, methyl ester; 

pentadecanoic acid, methyl ester; oleic acid; γ-linolenic acid; and other long-chain fatty acid 

derivatives. Alcohols such as 13-heptadecyn-1-ol and 2-hexadecanol, hydrocarbons including 

octadecane, 3-ethyl-5-(2-ethylbutyl)-, tetradecane, 2,6,10-trimethyl-, and heptacosane, and 

esters/derivatives like 1,1-bis(dodecyloxy)hexadecane, methyl glycocholate (3TMS 

derivative), and trinexapac-ethyl (TMS derivative) were also detected. Additionally, bioactive 

compounds such as astaxanthin and aldehydes (5-octadecenal, 8-octadecenal) were identified. 

Overall, the chromatogram demonstrated high-intensity peaks corresponding to fatty acids and 

related esters, suggesting these as the major constituents of the extract. Many of these 

compounds, including oleic acid, γ-linolenic acid, and astaxanthin, are reported to possess 

antioxidant, anti-inflammatory, and antimicrobial activities, indicating the pharmacological 

potential of H. involuta. 

 

Figure 1. GC-MS chromatogram of methanolic extract of Hyophila involuta. 
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Table 2. Compounds detected in the methanolic extract of Hyophila involuta by GC-MS. 

S. No. 
RT* 

(min) 
Name of the compound 

Molecular 

formula 

MW 

g/mol 

Peak 

Area (%) 

Match 

Quality** 
Structures of compounds 

1.   6.91 13-Heptadecyn-1-ol C17H32O 252.4 0.61 Good 

 
2.  6.91 17-Octadecynoic acid, methyl ester C19H34O2 294 0.61 Good 

 
3.  13.15 Undecanoic acid, 10-methyl-, methyl 

ester 

C13H26O2 214 1.08 Excellent 

 
4.  13.87 Tetradecane, 2,6,10-trimethyl- C17H36 240 0.73 Good 

 
5.  13.87 Heptacosane C27H56 380 0.73 Excellent  
6.  13.87 Octadecane, 3-ethyl-5-(2ethylbutyl)- C26H54 366 0.73 Good 

 
7.  16.12 2-Hexadecanol C16H34O 242 0.46 Excellent 

 
8.  16.12 1,1Bis(dodecyloxy)hexadecane C40H82O2 594 0.46 Good  

 
9.  18.78 Tridecanoic acid, 4,8,12-trimethyl-, 

methyl ester 

C17H34O2 270 2.36 Excellent 

 
10.  18.78 Pentadecanoic acid C15H30O2 242 2.36 Excellent 

 
11.  18.78 Tetradecanoic acid,  

12-methyl-, methyl ester 

C16H32O2 256 2.36 Excellent 
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12.  20.52 cis-13-Eicosenoic acid C20H38O2 310 0.50 Good 

 
13.  20.52 Oleic Acid C18H34O2 282 0.50 Excellent 

 
14.  20.52 Z-8-Methyl-9-tetradecenoic acid C15H28O2 240 0.50 Good 

 
15.  21.05 Pentadecanoic acid, methyl ester C16H32O2 256 0.53 Excellent 

 
16.  21.05 Dodecanoic acid, 2,3 

bis(acetyloxy)propyl ester 

C19H34O6 358 0.53 Fair 

 
17.  22.31 8-Octadecenal C18H34O 266 0.52 Good 

 
18.  22.31 cis-11-Eicosenoic acid C20H38O2 310 0.52 Excellent 

 
19.  22.31 5-Octadecenal C18H34O 266 0.52 Good 
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20.  22.66 9-Hexadecenoic acid, methyl ester, (Z)- C17H32O2 268 1.44 Excellent 

 
21.  23.14 Hexadecanoic acid, methyl ester C17H34O2 270 7.76 Excellent 

 
22.  26.09 γ-Linolenic acid C19H32O2 292 10.89 Excellent 

 
23.  26.09 6,9,12-Octadecatrienoic acid, methyl 

Ester 

C19H32O2 292 10.89 Excellent 

 
24.  26.09 Gamolenic acid C18H30O2 278 10.89 Excellent 

 
25.  26.39 Methyl 9-cis,11-trans-octadecadienoate C19H34O2 294 17.37 Excellent 

 
26.  26.39 Methyl 10-trans,12-cis-octadecadienoate C19H34O2 294 17.37 Excellent 
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27.  26.39 8,11-Octadecadienoic acid, methyl Ester C19H34O2 294 17.37 Excellent 

 
28.  26.39 9,12-Octadecadienoic acid (Z,Z)-, 

methyl ester 

C19H34O2 294 17.37 Excellent 

 
29.  26.50 9-Octadecenoic acid (Z)-, methyl Ester C19H36O2 296 34.64 Excellent 

 
30.  26.50 9-Octadecenoic acid, methyl ester, (E)- C19H36O2 296 34.64 Excellent 

 
31.  26.98 Heptadecanoic acid, 16-methyl-, methyl 

ester 

C19H38O2 298 2.57 Excellent 

 
32.  26.98 Methyl stearate C19H38O2 298 2.57 Excellent 

 
33.  30.78 5,8,11,14-Eicosatetraynoic acid, methyl 

ester 

C21H26O2 310 0.49 Fair 
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34.  30.78 Oleic acid, 3 (octadecyloxy)propyl ester C39H76O3 592 0.49 Fair 

 
35.  35.67 Astaxanthin C40H52O4 596 0.83 Good 

 
36.  36.62 Trinexapac-ethyl, TMS derivative C16H24O5Si 324 0.49 Fair 

 
37.  42.52 Methyl glycocholate, 3TMS derivative C36H69NO6Si3 695 0.44 Tentative 

 

* All compounds with the same RT had identical peak area values; hence, SD = 0 

**Match quality was estimated based on compound identity confidence and literature reference spectra. 

 

 

 

 

 

 



Sharma & Alam                                                               Int. J. Sec. Metabolite, Vol. 13, No. 2, (2026) pp. 575-587 

584 

DISCUSSION  

Phytochemical evaluation of the methanolic extract of H. involuta revealed the presence of 

several bioactive phytochemicals, including flavonoids, saponins, sterols, anthraquinones, 

alkaloids, and phenolic compounds, which collectively explain the antioxidant and related 

biological activities observed in this moss. Flavonoids, identified in the extract, are among the 

most efficient free radical scavengers and exert antioxidant activity through free radical 

neutralization and metal ion chelation (Kumar et al., 2013; Kumar & Pandey, 2013; Saeed et 

al., 2012). Their presence in H. involuta is noteworthy, as flavonoids are comparatively less 

reported in bryophytes than in higher plants, suggesting a unique chemical adaptation. 

Similarly, the detection of saponins-phytochemicals known for their antifungal, antimicrobial, 

antiviral, anti-inflammatory, anticancer, antioxidant, and immunomodulatory activities—adds 

to the growing evidence that mosses can serve as valuable sources of pharmacologically 

important secondary metabolites (Biswas & Dwivedi, 2019, Rice-Evans et al., 1995). Saponins 

are rarely documented in moss species, and their occurrence in H. involuta represents a 

potentially novel contribution to bryophyte phytochemistry. 

The presence of sterols in H. involuta further supports its therapeutic potential, as plant- and 

algae-derived sterols have been reported to possess antibacterial, antifungal, anti-inflammatory, 

anticancer, antidiabetic, and antihypercholesterolemic activities (Sánchez-Machado et al., 

2004a). Likewise, anthraquinones identified in the extract are of particular significance, as these 

compounds exhibit diverse biological activities, including antioxidant, anti-inflammatory, 

gastroprotective, hepatoprotective, and neuroprotective effects, and have been explored for 

their role in treating Alzheimer’s disease (Park et al., 2009; Rabe & van Staden, 1997; Tan et 

al., 2011; Xu et al., 2014). Reports of anthraquinones in mosses are limited, indicating that H. 

involuta may represent a previously underexplored source of this class of compounds. Alkaloids 

detected in the extract are also biologically important, given their well-documented antioxidant, 

antibacterial, antifungal, antiviral, and anticancer properties (Thawabteh et al., 2019), and their 

occurrence further underscores the medicinal relevance of this moss species. In addition, the 

presence of phenolic compounds, known for their antioxidant, anti-inflammatory, 

antimicrobial, antiproliferative, neuroprotective, and anti-mutagenic activities (Sauceda et al., 

2017), provides a biochemical basis for the observed bioactivity of H. involuta. Overall, the 

identification of these phytochemicals—some of which are scarcely reported in mosses—

highlights H. involuta as a promising and relatively unexplored source of bioactive secondary 

metabolites with potential pharmaceutical applications (Sánchez-Machado et al., 2004b). 

GC–MS analysis of the methanolic extract of H. involuta revealed a predominance of fatty acid 

esters, long-chain alcohols, and hydrocarbons, a profile that is consistent with, yet distinct from, 

earlier GC–MS studies on bryophytes and lower plants, where terpenoids and simple phenolics 

are often dominant. Among the identified compounds, 9,12-octadecadienoic acid, methyl ester 

was detected as a major constituent, suggesting a stronger anti-inflammatory and membrane-

stabilizing potential in H. involuta compared to moss species reported to contain this compound 

only in trace amounts (Nishanthini et al., 2014). The occurrence of long-chain fatty alcohols 

such as 3-heptadecyn-1-ol, reported for their antioxidant properties (El-Naggar et al., 2023), is 

comparatively less frequent in bryophyte GC–MS profiles, indicating a species-specific 

metabolic trait of H. involuta. Hydrocarbon compounds such as heptacosane and saturated fatty 

acids like hexadecanoic acid, which exhibit antimicrobial activity (Carev et al., 2023), were 

present in appreciable proportions, suggesting a stronger antimicrobial defense system when 

compared with previously studied mosses, where such compounds appear in minor quantities. 

The detection of 2-hexadecanol, known for its cytotoxic effects on cancer cell lines (Sharifi et 

al., 2020), further differentiates H. involuta from related studies that report limited or no 

cytotoxic fatty alcohols. In addition, hexadecanoic acid methyl ester and unsaturated fatty acid 

derivatives, including oleic acid and linoleic acid analogues, were observed at higher relative 

abundances than those reported in many bryophyte extracts, implying enhanced antibacterial, 
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antioxidant, and cardioprotective potential (Cook & Samman, 1996; Durgawale et al., 2018; 

Shaaban et al., 2021; Muzahid et al., 2023). Overall, the dominance of fatty acid–based 

bioactive compounds in H. involuta distinguishes its chemical profile from similar moss studies 

and supports its potential as a novel source of biologically active lipophilic metabolites. 

The compounds identified in H. involuta, including phytol and other terpenoid derivatives, are 

consistent with those reported in related bryophyte studies (Motti et al., 2023; Petkova et al., 

2023), suggesting broadly comparable chemical profiles and potential bioactivities. However, 

it should be noted that these interpretations remain preliminary, as the present study is based 

solely on GC–MS identification using NIST library spectral matching without confirmation by 

complementary analytical techniques such as NMR or LC–MS/MS. In addition, no in vitro or 

in vivo bioassays were conducted to directly validate the predicted antioxidant, antimicrobial, 

or anti-inflammatory activities of the identified compounds. Therefore, while the GC–MS 

profile provides valuable insight into the secondary metabolite composition of H. involuta, 

further quantitative analyses and biological assays are necessary to confirm the functional 

relevance and pharmacological potential of these compounds. 

CONCLUSION 

The GC-MS analysis of the methanolic extract of Hyophila involuta revealed the occurrence of 

several phytochemicals known to have pharmacologically relevant properties, including 

antioxidant, antibacterial, anti-inflammatory, and anticancer activities, based on literature 

reports. Although no direct bioassays were performed in this study, the identified compounds 

suggest the potential of H. involuta as a source of therapeutic agents. This phytochemical 

profiling provides the groundwork for future studies focused on the isolation and functional 

characterization of individual bioactive constituents.  
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