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ABSTRACT: Bryophytes are known for chemically diverse group of 

non-vascular plants, and secondary metabolite of these plants, 

particularly in their lipophilic fractions yet remain unexplored in most 

of the plants. The present study deals with the analysis and 

investigation of the non-polar chemical composition of hexane extract 

of Bryum capillare using Thin Layer Chromatography (TLC) and Gas 

Chromatography-Mass Spectrometry (GC-MS) technologies. TLC 

revealed the different bands of presence of non-polar compounds and 

GC-MS analysis identified a range of hydrocarbons, fatty acids esters, 

terpenoids including deterpenes and triterpenes. These findings 

contribute to the scant phytochemical literature available on mosses 

and suggest the existence of non-polar bioactive compounds that may 

have therapeutic potentialities. 

INTRODUCTION: Bryophytes are non-vascular 

plants characterized by their simple body structure 

and the absence of differentiated vascular 

structures. With an estimated 25,000 species, 

taxonomically distributed across three phyla: 

mosses (Bryophyta), liverworts (Marchantiophyta), 

and hornworts (Anthocerotophyta) 
1-3

. Several 

bryophytes, especially moss-derived compounds 

exhibit medicinally relevant activities, including 

the ability to inhibit microbial growth, suppress 

tumor-development, modulate immune responses, 

and support cardiac function. Such bioactivities 

underline their potential as source of novel 

therapeutic agents 
4-8

. Bryophytes feature biological 

substances that shield them against insects, 

bacteria, and fungus 
9
. 
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In phytochemical investigations, the selection of an 

appropriate solvent is essential for efficient 

extraction of target compounds. Hexane, being 

non-polar, is widely used to extract lipophilic-

secondary metabolites, including hydrocarbons, 

terpenoids, long-chain fatty acids, sterols, and 

hydrocarbons 
10-11

. Thin layer chromatography is a 

convenient and affordable technique for 

compound-class profiling and preliminary 

separation 
12

. However, using their mass spectrum 

fingerprints, GC-MS offers comprehensive 

qualitative and quantitative information on 

individual elements 
13

.  

GC-MS analysis of methanolic extract of whole 

plant of moss Semibarbula orientalis revealed the 

presence of 49 bioactive phytochemicals which 

included mainly n-hexadecanoicacid, cis-vaccenic 

acid, azulen, hexadecanoicacid methyl ester, 1,3 

propanediol, 2-methyl-2 nitro, 9, 12 octa-

dedienolchloride and octadecanoic acid etc which 

have various important medicinal properties 
14

. 33 
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semi volatile secondary metabolites were analysed 

and evaluated from Bryum argenteum using GC-

MS, UV, FT-IR techniques. These uncovered 

chemicals displayed different pharmacological 

values like anti-bacterial anti-cancerous, 

allelopathic hypocholesterolemic, anti-oxidant and 

anti-infalmmatary 
15

. The current research aims to 

investigate the bioactive phytochemical 

constituents from hexane extract of moss Bryum 

capillare through the combined application of Thin 

Layer Chromatography (TLC) and Gas 

Chromatography-Mass Spectrometry (GC-MS) 

techniques. The present study significantly 

advances our understanding of the chemical 

composition and potential bioactive properties of 

moss B. capillare, highlighting their significance in 

both scientific pharmacological point of view.  

MATERIAL AND METHODS: 

Plant Material Collection: Field collection of 

Bryum capillare Hedw. was collected from moist-

wall habitat at Mount Abu during rainy season of 

2022-2024. Morphological examination aided by 

standard taxonomic keys and relevant moss flora- 

„Moss Flora of Rajasthan (India) 
16

. The 

identification was later verified and authenticated 

by certain expert bryologist. 

Bryum capillare Hexane Extraction Preparation: 

Fresh moss B. capillare samples were initially 

cleaned in running tap water to remove debris, 

followed by rinsing with double-distilled water. 

The moss samples were dried under shaded 

conditions at room temperature, and finely 

powdered for experimental use. Soxhlet extraction 

was employed to obtain the crude hexane extract 

using sample powder and solvent in a 1:10 w/v 

ratio 
17

. The extraction resulted in a yield of 21%, 

and the non-polar extract was subsequently stored 

at 4 °C for further analysis. 

Thin Layer Chromatographic (TLC) Analysis: 

The standard Silica gel 60 F254 TLC plates 

(Merck, Germany) were used to separate the 

compounds in Thin Layer Chromatographic 

analysis. As the mobile phase, a best solvent 

system with a ratio of 4:1 for hexane and ethyl 

acetate was employed to the separation of a 

maximum number of components with high 

resolution from hexane extract of Bryum capillare. 

After the solvent system was saturated in TLC 

chamber, the marked TLC plates with the extract in 

it and allowed to rise. After this, different color 

spots were observed on TLC-plate of non-polar 

solvent extract at short wavelength Uv254 nm and 

long wavelength Uv365 nm in UV chamber and 

retention values were calculated using following 

formula:  

Rf = Distance travelled by the solute (cm) / Distance travelled 

by the solvent (cm) 

Gas Chromatography-Mass Spectroscopy 

Experimental conditions: The chemical profiling 

of the sample was performed using a “GC-MS-

QP2010 Ultra Shimadzu, Japan”. The temperature 

of oven gradient ranged from 70 to 300 °C at 

10°C/min. The separation was employed with 

helium as carrier-gas at 16.3 mL/min constant flow 

rate. The injection was carried out at 260 °C with a 

hexane sample volume of one micro litre. 

Structural elucidation, molecular weight 

determination, and identification of the unknown 

bioactive compounds were based on their mass 

spectral and chromatographic data, matching 

against the NISTM1 library for confirmation.  

RUSULTS: 

Characterization by Thin Layer Chromatogram 

(TLC): The solvent system, n-hexane: ethyl acetate 

(4:1) showed good resolution under UV light. The 

results of TLC with this solvent system showed that 

hexane extract contained ninecolors spots with Rf 

values 0.10, 0.19, 0.27, 0.35, 0.47, 0.54, 0.63, 0.80, 

and 0.83. These colored spots on the TLC plates 

under UV light indicated the presence of chemical 

compounds separated from extract samples. 

 
FIG. 1: HEXANE EXTRACT’S TLC PLATE OF B. 

CAPILLARE UNDER SHORT AND LONG UV 

WAVELENGTH 
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Characterization by GC-MS Profiling: Hexane 

extraction of B. capillare was analysed by gas 

chromatography-mass spectroscopy, revealing their 

chemical-diversity among non-polar bioactive 

compounds, as indicated by relative-peak areas. 

The outcomes of the study showed that the selected 

moss species had twenty-one diverse non-polar 

chemical compounds. These compounds 

ascertained by spectral verification utilizing 

reference databases, such as Wiley and NISTM1 

spectral libraries. 

The major compound in hexane extract was „2,3-

Dimethyl-pentane‟ which dominated the GC-MS 

profile with an 49.63% peak area. Some other 

major compounds were hexane (18.53%), 5-Methy 

l-2-(2-methyl-2-tetrahydrofuryl) tetrahydrofuran 

(15.70%), 2-methyl-pentane (4.46%) etc. as shown 

in Table 1 with identified compounds‟ name, 

molecular weight and formulas, retention-time and 

peak areas. Further compounds such as 

heneicosane, o-xylene and Eicosane have been 

identified in lesser quantities, 0.01%. 

 
FIG. 2: GC-MS CHROMATOGRAM OF HEXANE EXTRACTOF BRYUM CAPILLARE 

TABLE 1: LIST OF PHYTOCHEMICAL COMPOUNDS IDENTIFIED BY GC-MS ANALYSIS IN HEXANE 

EXTRACT OF THE MOSS BRYUM CAPILLARE HEDW 

Peak 

no. 

RT 

(min) 

Peak 

area (%) 

Molecular 

weight 

Name of bio-active compounds Molecular 

formula 

1 1.832 49.63 86 2,3-Dimethyl-pentane C7H16 

2 1.870 18.53 86 n-Hexane C5H10O 

3 1.849 15.71 170 5-Methyl-2-(2-methyl-2-tetrahydrofuryl) tetrahydrofuran C10H18O2 

4 1.687 4.46 86 2-methyl-pentane C6H14 

5 1.986 3.94 84 Methyl-cyclopentane C6H12 

6 1.726 2.87 157 Butylisocyanatoacetate C7H11NO3 

7 2.204 1.82 84 Cyclohexane C6H12 

8 1.946 1.33 100 2,2-Dimethyl-pentane C7H16 

9 29.208 0.57 278 (Z,Z,Z)-9,12,15-Octadecatrienoicacid C18H30O2 

10 26.961 0.25 256 n-Hexadecanoicacid C16H32O2 

11 2.021 0.21 128 2,2,3,4-Tetramethyl-pentane C9H20 

12 2.472 0.18 128 3,4-Dimethyl-heptane C9H20 

13 29.130 0.15 280 (Z,Z)-9,12-Octadecadienoicacid C18H32O2 

14 2.136 0.12 100 3,3-Dimethyl-pentane C7H16 

15 2.265 0.07 100 3-Methyl-hexane C7H16 

16 5.290 0.03 106 1,3-Dimethyl-benzene C8H10 

17 25.291 0.02 278 Neophytadiene C20H38 

18 30.558 0.02 410 Squalene C30H50 

19 5.810 0.01 106 o-Xylene C8H10 

20 19.884 0.01 296 Heneicosane C21H44 

21 23.319 0.01 282 Eicosane C20H42 
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DISCUSSION: Previous researches have 

characterized several phytochemicals in bryophytes 

using GC-MS analysis 
18-20

. The use of Gas 

Chromatography –Mass Spectrometry (GC-MS) is 

well-established technique for identification of 

some bioactive compounds in medicinal plants. 

Most of the phytochemicals identified in the 

present study have been reported to possess 

different pharmacological similarities. 9, 12 

Octadecadioeonoic acid, methyl ester having anti-

inflamatory, anti-arthritic, anti-histominic, 

hepatoprotective, anti-coronary, anti-aczemic and 

insectifuge 
21

. Cis vaccenic acid is an omega -7 

fatty acid known for its antibacterial activities and 

hyplipidemic effects 
22

. 9-Octadecenoic acid (Z) –

methyl ester has been found effective against Fungi 

Aspergillus flavus 
23

.  

Distinct bands of TLC plates emerge under UV 

light, indicating chemical variety in the extracts and 

the detected TLC profiles serve as a foundation for 

additional focused isolation and identification and 

offer an initial sign of chemical richness. Hexane 

extract‟s GC-MS analysis provided a more 

precisely identification of the volatile and semi-

volatile substances. With many conspicuous peaks 

that corresponded to fatty acids, triterpenes, 

sesquiterpenes, diterpenes and their methyl esters, 

the GC-MS chromatogram showed an intricate 

mixture. The TLC findings allowed for quick 

screening of chemical classes, whereas GC-MS 

allowed for more thorough identification and 

quantification of non-polar compounds.  

Numerous non-polar metabolites have been 

thoroughly studied in the literature for their 

pharmacological nature, indicating that hexane 

extracts studied bryophyte may have a variety of 

medicinal benefits. The triterpene compound 

„squalene‟ was known for antioxidant, antitumor, 

lipoxygenase inhibitor, cancer preventive, and 

pesticide 
24

. n-Hexadecanoic acid (fatty acid) has 

been linked to potent mosquito-larvicide, hemo-

lytic, hypo-cholesterolemic, nematicide 
25, 26 

while 

diterpene „neophytadiene‟ has anti-microbial 

activity 
27

. The polyunsaturated fatty acid, 9,12,15 

Octadecatrienoic acid, methyl ester, (Z,Z,Z) 

showed many activities such as anti-bacterial, anti-

candidal, anti-inflammatory 
28

. Heneicosane was 

known for anti-microbial and anti-bacterial 

activities 
29, 30

 (Abdul et al., 2024; and eicosane has 

larvicidal, anti-tumor, antifungal and cytotoxic 

activities 
31

. Nevertheless, this investigation was 

restricted to a single species and solvent system. To 

profile the entire spectrum of metabolites, 

comparative extraction using solvents of different 

polarity should be a part of future studies. 

CONCLUSION: The chemical profiling of B. 

capillare through TLC and GC-MS analysis of 

hexane extract revealed inert compounds. The 

current study reinforces the notion that the mosses 

possess significant metabolic diversity, particularly 

in their non-polar extractable constituents. The 

identification of pharmacologically active 

compounds implies their potential therapeutic 

value. Future research should also investigate the 

bioactivity of individual compounds and assess 

their potential for pharmaceutical or industrial use. 
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