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 Purpose of the study: This study aims to isolate and characterize secondary 

metabolite compounds from the ethyl acetate extract of the liverwort 

Mastigophora diclados collected in Indonesia using chromatographic separation 

and spectroscopic analysis. 

Methodology: This study employed an experimental laboratory design using 

maceration extraction with n-hexane and ethyl acetate. Isolation was conducted 

using column chromatography and thin-layer chromatography (silica gel 60 

GF254). Instruments included rotary evaporator (Eyela N-1000), water bath 

(Eyela SB-1000), and ¹H-NMR spectrometer (JEOL 500 MHz). Data were 

analyzed through spectral comparison and phytochemical screening methods. 

Main Findings: The ethyl acetate extract yielded 41.78 g (1.98%). 

Phytochemical screening indicated the presence of terpenoids. Two pure 

compounds were obtained (III-B: 8 mg; IV-B: 4 mg) with Rf 0.44. Compound 

III-B showed a melting point of 152–154 °C. ¹H-NMR analysis revealed 

characteristic signals of four methyl groups and olefinic protons, indicating a 

herbertene-type sesquiterpenoid structure. 

Novelty/Originality of this study: This study is the first to report the isolation 

and structural characterization of secondary metabolites from Indonesian 

Mastigophora diclados. It reveals a herbertene-like compound with slight 

spectral variations, suggesting a potential new derivative influenced by 

geographical factors, thereby contributing to bryophyte chemotaxonomy and 

expanding natural product research in tropical regions. 
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1. INTRODUCTION 

Indonesia is recognized as one of the world’s megabiodiversity countries, particularly due to its vast 

tropical rainforest ecosystems that host diverse plant groups, including bryophytes. Bryophytes, which consist of 

mosses, liverworts, and hornworts, are among the earliest land plants and play a crucial ecological role in 

ecosystem succession and nutrient cycling [1], [2]. These plants are often found in moist and shaded environments, 

ranging from lowlands to highlands, where they act as pioneer species in degraded habitats [3]-[5]. Despite their 

ecological importance, bryophytes remain underexplored compared to higher plants, particularly in tropical 

regions such as Indonesia [6], [7]. Therefore, investigating bryophytes is essential not only for biodiversity 

conservation but also for uncovering their potential applications in science and medicine [8]-[10]. 

https://doi.org/10.37251/jocli.v2i2.2963
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Among bryophytes, liverworts are known to possess unique chemical constituents stored in specialized 

organelles called oil bodies. These organelles synthesize a wide range of secondary metabolites, including 

terpenoids, aromatic compounds, and acetogenins, many of which exhibit significant biological activities [11], 

[12], [13]. Previous studies have reported that liverwort-derived compounds show antimicrobial, antioxidant, 

cytotoxic, and enzyme inhibitory properties, making them promising candidates for pharmaceutical development 

[14]. In particular, sesquiterpenoids such as herbertene derivatives have attracted attention due to their diverse 

pharmacological activities [15]-[17]. Consequently, liverworts represent a valuable yet underutilized source of 

bioactive natural products. 

Although Indonesia harbors rich bryophyte diversity, scientific investigations focusing on their chemical 

composition and bioactive compounds remain limited. Most existing studies have primarily addressed ecological 

aspects or general phytochemical screenings, rather than detailed compound isolation and structural elucidation 

[18]-[20]. Furthermore, research on Indonesian liverwort species is still scarce compared to studies conducted in 

other regions such as Japan and Malaysia [21]-[23]. Importantly, there has been no comprehensive report on the 

isolation of secondary metabolites from Mastigophora diclados collected in Indonesia [24]. This gap highlights 

the need for systematic phytochemical studies to explore and document the chemical diversity of Indonesian 

bryophytes. 

Mastigophora diclados, a member of the Mastigophoraceae family, is a liverwort species widely 

distributed across tropical and subtropical regions, including Indonesia. Previous studies have identified that this 

species contains sesquiterpenoid compounds, particularly herbertene-type molecules, which exhibit notable 

biological activities such as cytotoxic, antioxidant, and antimicrobial effects . Investigations conducted in regions 

such as Tahiti and Malaysia revealed variations in chemical composition depending on geographical origin [25], 

[26], [27]. Additionally, studies in Indonesia reported that ethanol extracts of M. diclados possess cytotoxic and 

anti-inflammatory activities [27], [28]. However, these studies have not yet focused on isolating and characterizing 

individual bioactive compounds from Indonesian samples. 

Given the variability of secondary metabolites influenced by environmental and geographical factors, 

investigating M. diclados from Indonesia may reveal novel or distinct chemical constituents. The absence of 

studies on compound isolation from this species in Indonesia provides a strong basis for originality in this research. 

Moreover, isolating pure compounds allows for a more accurate understanding of structure–activity relationships 

compared to crude extract analysis [29], [30]. This approach is essential for identifying potential lead compounds 

for drug development. Therefore, this study offers novelty by focusing on the isolation and structural 

characterization of secondary metabolites from Indonesian M. diclados. 

Based on the identified research gap, this study aims to isolate secondary metabolite compounds from the 

ethyl acetate extract of Mastigophora diclados. The isolation process is carried out using chromatographic 

techniques, including column chromatography and thin-layer chromatography [31], [32]. Furthermore, the 

structure of the isolated compound is elucidated using spectroscopic methods, particularly proton nuclear magnetic 

resonance (¹H-NMR). Through these approaches, the study seeks to identify and characterize bioactive compounds 

present in this species. Ultimately, this research provides fundamental chemical insights into Indonesian 

liverworts. 

This study contributes to the advancement of natural product research by providing new data on the 

chemical constituents of Mastigophora diclados from Indonesia. The findings are expected to enrich the scientific 

database of bryophyte-derived secondary metabolites, which remains limited. Additionally, the identification of 

specific compounds, such as herbertene-like structures, may support further pharmacological investigations. The 

results also highlight the potential of Indonesian bryophytes as a source of novel bioactive compounds. Therefore, 

this research not only fills an existing knowledge gap but also supports future exploration of natural products for 

pharmaceutical applications. 

 

 

2. RESEARCH METHOD 

2.1.  Study Design 

This study employed an experimental laboratory-based approach aimed at isolating and characterizing 

secondary metabolites from the liverwort Mastigophora diclados. The workflow consisted of sample preparation, 

extraction, phytochemical screening, compound isolation, purification, and structural elucidation. 

Chromatographic techniques were used for separation, while spectroscopic analysis was performed for compound 

identification. The study design follows standard procedures in natural product chemistry. All experiments were 

conducted under controlled laboratory conditions.. 

 

2.2.  Materials and Reagents 

The plant material used in this study was Mastigophora diclados (Brid. ex Web.) Nees collected from 

Mount Slamet forest, Central Java, Indonesia . The sample was taxonomically identified at the Indonesian Institute 

of Sciences (LIPI). Organic solvents used included ethyl acetate, n-hexane, methanol, ethanol, chloroform, and 
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distilled water. Silica gel 60 GF254 was used as the stationary phase for chromatography. Analytical reagents such 

as FeCl₃, H₂SO₄, Dragendorff, Mayer, and Bouchardat reagents were used for phytochemical analysis. 

 

2.3.  Instruments 

The instruments used included analytical balance, rotary evaporator (Eyela N-1000), water bath (Eyela 

SB-1000), column chromatography apparatus, thin-layer chromatography (TLC) plates, and melting point 

apparatus . Structural elucidation was performed using a 500 MHz proton nuclear magnetic resonance (¹H-NMR) 

spectrometer (JEOL). Additional glassware such as Erlenmeyer flasks, pipettes, and vials were also used. All 

instruments were calibrated prior to use. Standard laboratory procedures were followed throughout the experiment. 

 

2.4.  Instruments 

Fresh samples of M. diclados (2.220 kg) were cleaned to remove impurities and washed with water. The 

samples were then air-dried under shade conditions to prevent degradation of thermolabile compounds. After 

drying, the material was ground into a coarse powder. The powdered sample was stored in a dry container prior to 

extraction. This step ensured homogeneity and increased extraction efficiency. 

 

2.5.  Extraction Procedure 

Extraction was carried out using maceration with ethyl acetate as the solvent . The powdered sample was 

soaked in ethyl acetate at room temperature with occasional stirring. The process was repeated several times to 

ensure exhaustive extraction. The combined extracts were filtered and concentrated using a rotary evaporator under 

reduced pressure. The crude extract obtained was then weighed and stored for further analysis. 

 

2.6.  Phytochemical Screening 

Preliminary phytochemical screening was conducted to identify the presence of major secondary 

metabolite groups. Standard qualitative tests were performed to detect alkaloids, flavonoids, terpenoids, and 

phenolic compounds. The detection was based on color changes or precipitate formation after the addition of 

specific reagents. This screening provided initial information on the chemical composition of the extract. The 

results guided further isolation procedures. 

 

2.7.  Isolation and Purification 

The crude extract was subjected to column chromatography using silica gel as the stationary phase . 

Elution was carried out using a gradient system of n-hexane and ethyl acetate with increasing polarity. Fractions 

were collected and monitored using thin-layer chromatography (TLC). Fractions with similar TLC profiles were 

combined. Further purification was performed using recrystallization to obtain a pure compound. 

 

2.8.  Thin-Layer Chromatography (TLC) Analysis 

TLC analysis was performed using silica gel GF254 plates as the stationary phase. The mobile phase 

consisted of n-hexane:ethyl acetate (8:2). Spots were visualized under UV light at 254 nm and 366 nm, followed 

by spraying with detection reagents. The retention factor (Rf) values were calculated to evaluate compound 

separation. TLC was used to monitor fraction purity during isolation. 

 

2.9.  Structure Elucidation 

The purified compound was analyzed using ¹H-NMR spectroscopy to determine its molecular structure . 

The sample was dissolved in deuterated chloroform (CDCl₃) prior to analysis. Chemical shift values (δ), 

multiplicity, and coupling constants were recorded. The obtained spectra were compared with literature data. The 

compound was identified as having structural similarity to herbertene. 

 

 

3. RESULTS AND DISCUSSION 

The plant material used in this study comprised the entire parts of Mastigophora diclados (Brid. ex Web.) 

Nees, collected from the Mount Slamet forest, Baturaden, Purwokerto, Central Java, Indonesia. The specimen was 

taxonomically identified by the Bogoriense Research Center. A total of 2.220 kg of the sample was washed under 

running water until clean. Wet sorting was then carried out to remove impurities and foreign materials, thereby 

minimizing contaminants present in the test material. The drying process was conducted by air-drying the sample 

indoors using a traditional tray. The dried simplicia were re-sorted to eliminate any remaining impurities. 

Subsequently, the cleaned simplicia were ground using a blender into a fine powder. After undergoing the 

processes of sorting, drying, and grinding, a total of 2.103 kg of dried simplicia powder of Mastigophora diclados 

(Brid. ex Web.) Nees was obtained. 

 

 



Jor. Chem. Lea. Inn ISSN: 3063-0886  

Phytochemical Investigation of Mastigophora diclados: Isolation of a Herbertene …(Ferry Indar Ardiansyah) 

269 

3.1.  Extraction 

A total of 2.103 kg of dried simplicia powder of Mastigophora diclados (Brid. ex Web.) Nees was 

macerated nine times over a period of nine days using 30 liters of n-hexane as the solvent. The advantage of the 

maceration method lies in its simplicity in terms of procedure and equipment, whereas its disadvantages include 

the lengthy extraction time, high solvent consumption, and relatively incomplete extraction efficiency. 

The maceration extract was filtered, and the resulting filtrate was concentrated using a vacuum rotary 

evaporator at approximately 30 °C to obtain a viscous n-hexane extract. The residual marc from the n-hexane 

extraction was subsequently re-macerated using ethyl acetate as the solvent, carried out seven times over seven 

days with a total solvent volume of approximately 25 liters. The solvent was then evaporated using a vacuum 

rotary evaporator to yield 41.78 grams of a viscous ethyl acetate extract. 

 

 

Table 1. Yield Data of Mastigophora diclados (Brid. ex Web.) Nees Extracts 

Name of the Drug Extract Weight (g) Extract Yield (%) 

n-hexane extract 52 grams 2.53% 

Ethyl acetate extract 41.78 grams 1.98% 

 

3.2.  Phytochemical Screening 

The results of the phytochemical screening of the ethyl acetate extract of the liverwort Mastigophora 

diclados (Brid. ex Web.) Nees are presented in Table 2. 

 

Table 2. Phytochemical screening results of the ethyl acetate extract of Mastigophora diclados (Brid. ex Web.) 

Nees 

No Group Observation result 

1 Alkaloids - 

2 Flavonoids - 

3 Terpenoids + 

4 Phenolics - 

5 Anthraquinones - 

6 Saponins - 

 

3.3.  Isolation and Purification of Compounds 

The isolation and purification of compounds were carried out on the ethyl acetate extract. From the 

isolation and purification processes of the ethyl acetate extract of Mastigophora diclados (Brid. ex Web.) Nees, 8 

mg of pure compound III-B and 4 mg of pure compound IV-B were obtained, each exhibiting an Rf value of 0.44. 

 

Table 3. Data of pure isolates from the ethyl acetate extract of Mastigophora diclados (Brid. ex Web.) Nees 

using n-hexane:ethyl acetate (8:2) as the eluent 

Compound Organoleptic Rf Isolate Weight (g) 

III-B Needle crystals, white 0.44 0.008 grams 

IV-B Needle crystals, white 0.44 0.004 grams 

 

3.4.  Melting Point Determination 

Melting point determination was conducted to assess the purity of the compound based on its melting 

range. A compound is considered pure if it exhibits a narrow melting range of approximately ±2 °C. The melting 

point analysis of compound III-B showed a melting range of 152–154 °C. This result indicates that the difference 

between the initial melting point and complete melting is 2 °C; therefore, compound III-B can be considered pure. 

 

3.5.  Structure Elucidation of the Pure Compound 

The structure elucidation of the pure compound was performed on compound III-B, which appeared as 

white needle-shaped crystals with a melting point of 152–154 °C. Thin-layer chromatography (TLC) analysis using 

n-hexane:ethyl acetate (8:2) as the eluent showed that this compound has an Rf value of 0.44. 

Structural analysis using ¹H-NMR spectroscopy enables the identification of protons within a molecular 

structure. The data obtained from ¹H-NMR consist of chemical shifts that serve as characteristic signals of specific 

parts of a molecular structure and assist in identifying functional groups within a compound. 

The ¹H-NMR spectral data of compound III-B revealed the presence of 3 protons at a chemical shift (δH) 

of 0.64 ppm (s, 3H), indicating a methyl group (CH₃). Another set of 3 protons appeared at δH 0.99 ppm (s, 3H), 

also corresponding to a methyl group (CH₃). Additionally, 6 protons were observed at δH 1.25 ppm (s, 6H), 

indicating the presence of two methyl groups (2 × CH₃). 
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In the aromatic/olefinic proton region, a total of 4 protons were observed: at δH 4.89 ppm (1H, d, J = 1.95 

Hz), δH 4.94 ppm (1H, d, J = 10.35 Hz), δH 5.14 ppm (1H, s), and δH 5.70 ppm (1H, dd, J = 11.05 Hz and 10.35 

Hz). 

 

Table 4. Proton chemical shift data (δH) of compound III-B measured at 500 MHz using CDCl₃ as solvent 

No δH Function Group 

1 0.64 ppm(s) 3H (CH3) 

2 0.99 ppm(s) 3H (CH3) 

3 1.25 ppm(s) 6H (2CH3) 

4 4.89 ppm (d) 1H 

5 4.94 ppm (d) 1H 

6 5.14 ppm(s) 1H 

7 5.70 ppm (dd) 1H 

 

From the ¹H-NMR data above, it is evident that compound III-B exhibits a pattern consisting of four 

methyl groups and four protons in the aromatic region. The presence of four aromatic protons suggests that the 

structure of compound III-B contains two substituents. This spectral pattern shows similarity to compounds 

belonging to the herbertene-type sesquiterpenes. 

Herbertene compounds are known to display characteristic spectra, namely the presence of four methyl 

groups appearing at chemical shifts (δH) of 0.58 ppm (s), 1.10 ppm (s), and 1.27 ppm (s). In addition, there are 

four protons in the aromatic region observed at chemical shifts (δH) of 6.70–7.15 ppm (m) [33]. 

 

Table 5. Comparison of the proton chemical shift (δH) of compound III-B with Herbertene 

δH Function Group 

Herbertene Isolated Compounds 

0.58 ppm(s) 0.64 ppm (s) 3H (CH3) 

1.10 ppm(s) 0.99 ppm (s) 3H (CH3) 

1.27 ppm(s) 1.25 ppm (s) 6H (2CH3) 

6.70-7.15 ppm (m) 4.89 – 5.73 ppm (m) 1H 

 

Berdasarkan hasil data instrumen yang diperoleh, senyawa III-B memiliki karakteristik spektrum yang 

mirip dengan senyawa golongan sesquitriterpen yaitu herbertene. Dilihat dari data spektrum 1H-NMR dimana 

senyawa III-B memiliki ciri struktur yang mirip dengan herbertene yaitu terdapat 4 gugus metil pada pergeseran 

kimia (δH) = 0,64 ppm (s, 3H), 0,99 ppm (s, 3H) dan 1,25 ppm (s, 6H). Kemudian terdapat gugus 4 proton pada 

area aromatis yaitu pada pergeresan kimia (δH) = 4,89 ppm (1H d, J=1,95 Hz), pada pergeseran kimia (δH) = 4,94 

ppm (1H d, J=10,35 Hz), pada pergeseran kimia (δH) = 5,14 ppm (1H s) dan pada pergeseran kimia (δH) = 5,70 

ppm (1H dd, J=11,05 Hz dan 10,35 Hz). 

 

 

   
Figure 1. Herbertene structure (Source: Matsuo, et al, [34]) 

 

The results of this study indicate that the ethyl acetate extract of Mastigophora diclados contains terpenoid 

compounds that were successfully isolated into pure compounds with characteristics resembling herbertene. The 

use of a semi-polar solvent such as ethyl acetate proved effective in extracting sesquiterpenoid compounds, which 

generally exhibit intermediate polarity in bryophytes. This finding is consistent with the work of Asakawa  [25], 

who reported that liverworts predominantly produce secondary metabolites in the form of terpenoids soluble in 

semi-polar solvents. In addition, a recent study by Łukasz Ludwiczuk confirmed that liverworts possess a rich 

chemical profile of bioactive sesquiterpenes with potential pharmaceutical applications [35]. Therefore, the 

findings of this study align with global trends in the exploration of natural products from bryophytes. 

Furthermore, chromatographic and spectroscopic analyses revealed that the isolated compound exhibits 

structural characteristics typical of herbertene, marked by the presence of methyl groups and olefinic protons. This 

structural pattern has been widely reported in the genus Mastigophora as a major component of its secondary 

metabolites. Research by Yoshinori Asakawa demonstrated that herbertene exhibits biological activities such as 
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cytotoxic and antimicrobial effects [25]. Moreover, a study by Ii et al. reported the cytotoxic activity of liverwort 

extracts against cancer cells  [36]. Thus, the presence of herbertene-like compounds in this study strengthens the 

pharmacological potential of M. diclados. 

Interestingly, slight differences in chemical shift values (δH) compared to literature data were observed, 

indicating the possibility of structural variations or novel derivatives. These variations may be influenced by 

environmental factors such as habitat conditions, altitude, and climate [37], [38]. According to Janice Glime [39], 

ecological factors play a significant role in the biosynthesis of secondary metabolites in bryophytes. A similar 

observation was reported by Natália Martins et al. [40] who found that geographical variation can lead to 

significant chemical diversity. Therefore, this study opens up the possibility of discovering new compounds that 

warrant further investigation. 

The main novelty of this research lies in the successful isolation and characterization of secondary 

metabolite compounds from Mastigophora diclados originating from Indonesia, which has not been previously 

reported. Unlike earlier studies that mainly focused on biological activity tests or crude extract profiling, this study 

successfully isolated pure compounds and identified their structural characteristics using a spectroscopic approach. 

In addition, this research provides evidence that geographical variation can influence the chemical profile of a 

species, thereby enriching the understanding of bryophyte chemotaxonomy. Another novel aspect is the indication 

of a potential new herbertene derivative based on differences in the ¹H-NMR spectrum compared to standard 

references. Thus, this study offers an original contribution to the field of natural product chemistry, particularly in 

the exploration of tropical bryophytes. 

The implications of this study are significant for the development of natural product chemistry and 

pharmaceutical sciences. The identification of herbertene-like compounds opens opportunities for further studies 

on specific biological activities, such as anticancer, antimicrobial, and antioxidant properties that have been 

reported for similar compounds. In addition, these findings reinforce the potential of Indonesia’s biodiversity as a 

source of new drug candidates based on natural products. Practically, the isolation method used in this study can 

serve as a reference for the exploration of bioactive compounds from other lower plants. In a broader context, this 

research also supports efforts in bioprospecting and biodiversity conservation in Indonesia. 

Despite the successful isolation and characterization of the compound, several limitations should be 

noted. First, the structural identification was based solely on ¹H-NMR data, which does not provide a fully 

comprehensive structural elucidation without support from advanced techniques such as ¹³C-NMR, 2D-NMR, or 

mass spectrometry. Second, the amount of compound obtained was relatively small (mg-scale), limiting further 

comprehensive biological activity testing. Third, this study did not explore the structure–activity relationship 

(SAR). Additionally, environmental factors influencing metabolite variation were not analyzed in depth. 

Therefore, further studies are required to strengthen the validity and expand upon these findings. 

 

 

4. CONCLUSION 

From 10 grams of the ethyl acetate extract of Mastigophora diclados (Brid. ex Web.) Nees, 8 mg of pure 

compound III-B was obtained. Based on the ¹H-NMR analysis, compound III-B exhibits a structural framework 

similar to herbertene. Further studies are required on the isolation of secondary metabolites from this plant, as 

several potentially active fractions still offer opportunities for the discovery of additional compounds. Moreover, 

more comprehensive instrumental analyses are recommended, including FTIR, LC-MS, ¹³C-NMR, DEPT, HMBC, 

and HMQC, to achieve a more complete structural elucidation. 
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