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Abstract 
The livestock sector significantly contributes to greenhouse gas emissions, primarily methane (CH4) from enteric 

fermentation in ruminants. Methanogenesis in ruminants is facilitated by hydrogenotrophic methanogens and 

the key enzyme, namely Methyl Coenzyme Reductase (MCR). This study explores the potential of bioactive 

compounds derived from Rhodomyrtus tomentosa as MCR enzyme inhibitors to mitigate methane emissions. 

Twelve bioactive compounds were selected for in silico molecular docking against the MCR enzyme. Docking 

results indicated Rhodomyrtone, Tomentodione E, and Myricetin had the highest binding affinities with binding 

affinities of -9.5, -8.7, and -8.3 kcal/mol, respectively, outperforming the natural substrate Coenzyme B. ADMET 

predictions confirmed the drug-likeness and safety profiles of these compounds. Rhodomyrtone was further 

subjected to molecular dynamics (MD) simulations, demonstrating stable interactions with MCR, indicated by 

consistent RMSD, RMSF, and Rg values. An in vitro gas production technique evaluated Rhodomyrtone's 

efficacy in reducing methane emissions, using doses of 0.125 and 0.25 µg/ml. Results showed a non-significant 

reduction of 10% in methane production, suggesting the need for optimized dosing. This study highlights 

rhodomyrtone as a promising anti-methanogen agent, with potential implications for reducing methane 

emissions from ruminants. Future research should focus on dose optimization and the exploration of synergistic 

effects with other anti-methanogenic compounds to maximize methane reduction. 

 

Keywords: Livestock emission, Methane mitigation, Methyl-coenzyme M reductase, Molecular docking, 
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1 Introduction 

 

In addition to being a sector affected by climate 

change, the livestock sector is also a sector that 

contributes to greenhouse gas emissions from its 

production activities. According to FAO [1], total 

emissions from global livestock amounted to 7.1 

Gigatons carbon dioxide (CO2)-eq per year. The 

emissions in the form of methane (CH4), nitrous oxide 

(N2O), and carbon dioxide reach 44%, 29%, and 27%, 

respectively [2], [3]. The livestock sector in Indonesia 

emits greenhouse gases of 31,828 Gg C02 Eq, or 30% 

of the agricultural sector emissions, of which 55.4% is 

from enteric rumen fermentation, which mainly 

produces methane, according to the Ministry of 

Environment and Forestry [4].  

Methane gas is a direct emission from the 

livestock sector, especially from ruminants. The 

adverse effects of the process are loss of energy for 

productivity and methane emissions to the environment 

[5], [6]. Livestock, especially large ruminants, and 

their supply chains, contribute significantly to 

anthropogenic emissions of the potent greenhouse 

gases (GHGs) methane and nitrous oxide [7]. 

Ruminants, especially adult cattle, can emit 80–110 

Kg/year of methane gas.  

Methane in ruminants is mainly produced by a 

hydrogenotrophic methanogen that converts CO2 and 

H2 into methane through the methanogenesis pathway. 

Hydrogenotrophic is the dominant methanogen in the 

rumen [8]. The methanogenesis pathway requires a 

key enzyme in methane formation, namely Methyl 

Coenzyme Reductase (MCR). An important function 

of the enzyme methyl-CoM reductase is as a catalyst 

of the last stage of methanogenesis to reduce methyl–

S–CoM to methane with coenzyme B as an electron 

donor and coenzyme F430 as a prosthetic group [9]–[11]. 

Several strategies have been carried out in the 

past few decades to mitigate methane emissions from 

ruminants. One of them is the application of an anti-

methanogen or inhibitor for the MCR enzyme. The use 

of tropical plants with compounds possessing anti–

methanogen activity began to be widely researched as 

an antibiotic alternative since it has been banned as a 

growth promoter in animal production. Antibiotic 

administration as a ruminant feed additive has proven 

to reduce methane production in ruminants [12], [13] 

With its high plant biodiversity in Indonesia, 

many medicinal plants with antimicrobial compounds 

can potentially be applied as anti-methanogenic, one 

of which is Keramunting (Rhodomyrtus tomentosa). 

This plant is widely used as a medicine for diseases 

related to bacterial and viral infections, such as 

gastritis, hepatitis, diarrhea, abscesses, and bleeding 

[14], [15]. Several studies showed the potential of 

phytochemical content in R. tomentosa leaves as an 

antimicrobial agent [16]–[21]. Due to the antimicrobial 

activity [22], compounds in R. tomentosa have 

potential as anti-methanogens for methane mitigation 

efforts. Regarding the research efficiency, before wet 

laboratory work was conducted, a tool was needed as 

an initial screening tool that saves time and resources, 

and can test all these compounds. In silico studies, 

such as molecular docking, can be the right tool to test 

all these compounds against the MCR enzyme. 

Molecular docking can be a quick tool for initial 

screening by looking at the binding strength between 

the compounds and the MCR enzyme. Molecular 

docking data present the interaction between 

compounds and their protein targets, which can be 

essential for developing new antimicrobial 

compounds with anti-methanogenesis activity [23]. 

Based on the molecular docking data, a wet laboratory 

study using in vitro rumen fermentation methods can 

be conducted further to study reducing methane 

production for the most promising phytochemical 

compounds in R. tomentosa.  

 

2 Materials and Methods 

 

2.1 In silico study 

 

2.2.1 Ligand and protein target preparation  

 

 
Figure 1: Protein Target MCR (methyl-CoM 

reductase) consists of 2 subunits: alpha subunits with 

chains A and D and beta subunits with chains B and E. 

 

Twelve bioactive compounds from R. tomentosa were 

selected as ligands (Table 1). Ligands were prepared 

using ChimeraX 1.16. MCR target protein (Figure 1) 
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was obtained from Protein Data Bank (RCSB PDB - 

7XSM http://doi.org/10.2210/pdb7sxm/pdb). The MCR 

target protein was prepared with AutoDockTools 

version 1.5.7, and the docking process was performed 

with AutoDock Vina in PyRx v0.8 software. 

 

Table 1: Bioactive compound of R. tomentosa as ligand of molecular docking process.  
No Ligand Clasification Formulas Pubchem ID 2D Structure Ref 

1 Rhodomyrtone Phenolic C26H34O6 44237956 

 

[16], [24] 

2 Rhodomyrtosone A Phenolic C25H30O7 122215475 

 

[25]  

3 Rhodomyrtosone B Phenolic C26H34O6 56588580 

 

[25]  

4 Tomentosone A Phenolic C41H52O9 56929124 

 

[26]  

5 Tomentosin Tannin C15H20O3 155173 

  

[27]  

6 Rhodomyrtial A Terpenoid C45H68O6 132513224 

 

[28]  

7 Rhodomyrtial B Terpenoid C45H68O6  
132513225 

 

[28] 

8 Tomentodione E Terpenoid C30H42O3  

132576365 

 

[14], [29] 

  

9 Myricetin Flavanoid C20H18O12  

14524431 

 

[30]  

10 Lupeol Terpenoid C30H50O 259846 

  

[31]  

 

 

Table 1: (Continued)
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No Ligand Clasification Formulas Pubchem ID 2D Structure Ref 

11 Alpha Pinene Essential Oil C10H16 6654 

 

[30]  

12 Beta Pinene Essential Oil C10H16 14896 

 

[30]  

13 Coenzym B Natural Ligand C11H22NO7PS 5462265 

 

[10], [32]  

 

  
(a) (b) 

  
(c) (d) 

Figure 2: The active site of MCR a). The active site pocket is highlighted in red and has a surface area of 1986.38 

Å2 and a volume of 1797.40 Å3. b). Surface representation of MCR Enzym with highlighting the binding pocket 

in white. c). Close-up view of the active site pocket of the MCR enzyme. d). Visualization of the ligand 

interaction with the MCR enzyme, surrounded by key amino acid residues.  

 

2.2.2 Molecular docking and visualization 

 

Molecular docking was simulated using the Autodock 

Vina in PyRx v08 software to find the best mode. 

Autogrid was used to determine the grid box in this 

molecular docking procedure. Ligand was docked 

using the blind docking method to optimize the 

potential binding site. The MCR protein has a binding 

pocket with an area of 1986.382 A2 and a volume of 

1787.405 A3, as shown in Figure 2. Each ligand was 

docked 10 times against the MCR target protein. 

The docking results are evaluated based on 

binding affinity and RSMD value. Binding affinity is 

calculated based on the value of binding free energy 

(kcal/mol), and the RSMD value is the key in 

evaluating the docking results. RMSD value is one of 

the recognized parameters to evaluate the performance 

of molecular dynamics. An RMSD value (upper 

bound) with less than 2.0Å is recommended. 

Regarding docking accuracy, an RMSD value (upper 

bound) between 1.0 and 3.0 Å is usually considered a 

successful docking work [33]. Based on these 
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parameters, we select the best mode with the smallest 

binding free energy and an RSMD value below 3.0 Å. 

The Pymol visualization tools and Discovery 

Studio were used to visualize the best mode selected. 

The visualization shows the bond between the ligand 

and its target protein; ligand-protein interactions were 

made, including hydrogen bond interactions, steric 

(van der Waals), and electrostatic interactions. 

 

2.2.3 In silico ADMET prediction 

 

Compounds in the keramunting were predicted for 

their ADMET features for absorption, distribution, 

metabolism, excretion, and toxicology. Properties, 

such as the molecular weight, logP, number of 

hydrogen bond acceptors, number of hydrogen bond 

donors, and molar refractivity of the drug candidate 

water solubility (Log mol/L), lipophilicity (Log 

Po/w), gastrointestinal (GI) absorption, blood–brain 

barrier (BBB) permeant, and P-gp substratewere 

estimated using Swiss ADME web tool 

(http://www.swissadme.ch/) [34], while for 

toxicology features such as LD50 and Toxicity class 

using PRO TOX II web tool [35]. 

 

2.2.4 Molecular dynamic simulation 

 

A molecular dynamics simulation was conducted to 

find the best compounds from molecular docking 

results. This approach was used to analyze the ligand 

consistency and the binding mode stability in the 

protein’s binding pocket [36]. MD simulation was 

performed via Visual Dynamics, a WEB application 

for molecular dynamics simulation using GROMACS 

[37]. Ligand topology was obtained through the 

ACPYPE tool [38]. The operating parameters were 

set: water model (TIP3), box type (cubic), and box 

distance 0.5 mm. The force field employed was 

AMBER99 for 150 ns. 

Simulation trajectories were analyzed with the 

GROMACS package tools 1. Root-mean-square 

deviation (RMSD) and root-mean-square fluctuation 

(RMSF) were calculated separately for each system, 

fitting their heavy atoms and taking the initial 

structure of the production dynamics as a reference. 

Hydrogen bonds (H–bonds) were calculated between 

protein and ligand complexes. We considered a hit 

when the distance between two polar heavy atoms 

with at least one hydrogen atom. 

2.2 In vitro study of gas production 

 

The study used an in vitro gas production method 

based on Menke [39]. Experimental with a 

randomized block design with one treatment, namely 

three levels of rhodomyrtone, and each treatment was 

run in vitro three times (as a group/repetition), each 

duplo. Rhodomyrtone treatment dose P0 0 μg/mL, P1 

0.125 μg/mL, P2 0.25 μg/mL.  

The research material used a substrate consisting 

of dwarf elephant grass and concentrate in a ratio of 

60–40, and the nutrient content was Crude Protein 

(CP) 13.8%, Crude Fibre (CF) 24.25%, Crude Fat 

4.82%, and TDN 60.7%. Incubation was carried out 

for 48 h, and gas volume was calculated by 

observation at 1, 2, 4, 8, 12, 24, 36, and 48 h. Gas 

chromatography measured methane levels with RT–

OBond 30 m capillary column, 0.32 nm ID, 10 µm DF, 

thermal conductivity detector (TCD). The carrier gas 

used was helium with a flow rate of 1.5 mL/min at 50 

°C and a split ratio of 20. The TCD temperature was 

operated at 200 °C with a current of 40 mA, and the 

injector temperature was operated at 100 °C. 

The effect of the treatment was analyzed using SAS 

OnDemand for Academic (https://welcome.oda.sas.com/) 

with the Analysis of Variance (ANOVA) method with 

rhodomyrtone dose treatment and replication as a 

fixed factor. At the same time, the variable was 

observed as the dependent variable. The significance 

level is set at 5%, and if there is a significant 

difference, it is followed by the Least Significant 

Difference (LSD) test. 

 

3 Results and Discussion 

 

3.1 Molecular docking 
 

MCR is a key enzyme in methane formation in 

methanogenesis, used as a receptor in this docking 

process [40]. MCR consists of 3 different subunits, 

namely α (MCRA), β (MCRB), and γ (MCRG). The 

three subunits are tightly bound to each other with 

only 50 Å long hydrophobic channels, which start 

from the surface and end with a narrow pocket 

containing the coenzyme F430 in the active site [41], 

[42]. The last stage of methanogenesis in 

hydrogenotrophic methanogens is the reduction of 

methyl-S-CoM to methane. This reaction is catalyzed 

by the MCR with coenzyme B as an electron donor 

and coenzyme F430 as a prosthetic group [43], 

meanwhile, according to Chen et al., [10], two 

substrates are involved in the MCR-catalyzed reaction 

(the methyl donor methyl–CoM and the electron donor 

CoB) and produce two products (CH4 and CoM-S-S-



  

                             Applied Science and Engineering Progress, Vol. 19, No. 3, 2026, 8009 

    

 

 

Sigit Puspito et al., “Mitigation of Enteric Methane Emission from Ruminant by Bioactive Compounds of Rhodomyrtus tomentosa: In Silico 

and In Vitro Studies.” 

  
6 

CoB) and the final reaction occurs when the substrate 

binds to the substrate channel in the active site. 

Therefore, coenzyme B was used as a natural substrate 

[32] in this docking and compared with 12 compounds 

from R. tomentosa, both binding affinity parameters 

and RSMD values. 

Molecular docking has several advantages, 

including the possibility of testing or evaluating many 

natural compounds as drug candidates, antibiotics, and 

antimicrobials at low cost [44], so it is widely used in 

various fields of science, including animal 

biochemistry [45]. 

 

Table 2: Docking results against MCR.  
No. Ligand Binding 

Affinity 

(kcal/mol) 

RMSD 

/ub 

RMSD 

/lb 

1 Rhodomyrtial A -10.4 9.721 1.863 

2 Rhodomyrtone -9.5 2.486 1.769 

3 Rhodomyrtial B -9.3 7.244 3.425 
4 Tomentosone A -9.0 5.925 2.325 

5 Rhodomyrtosone A -9.0 7.146 2.888 

6 Tomentodione E -8.7 2.11 1.736 
7 Myricetin -8.3 2.578 1.553 

8 Lupeol -8.0 7.73 2.572 

9 Rhodomyrtosone B -7.8 5.008 1.757 

10 Tomentosin -7.4 4.431 2.715 

11 Betapinene -6.6 19.822 18.345 

12 Alphapinene -6.5 3.27 1.001 
13 Coenzyme B -6.2 2.399 1.913 

 

 The blind docking results of 12 compounds and 

one native substrate using AutodockVina in Pyrex 

against the MCR protein as the receptor showed 

diverse results. The docking results in Table 2 were 

the best mode, selected based on the binding affinity 

and RSMD values. Based on the data shown (Table 2), 

12 compounds’ binding affinity ranges from -10.4 to  

-6.5 kcal/mol, while coenzyme B, a natural substrate, 

has a score of -6.2 kcal/mol. According to Ika and 

Hery [46], the binding affinity score is the beginning 

of the evaluation of a docking process. It estimates the 

energy required to bind the ligand to the protein. The 

smaller the binding free energy, the stronger the bond, 

and this can indicate, which ligand is the strongest 

from the docking score [47]. So, in this research, all 

compounds have a high docking score compared to the 

natural substrate (coenzyme B), above -6.2 kcal/mol. 

The highest score belongs to Rhodomyrtial A with -

10.4 kcal/mol, and Alpha-pinene with -6.5 kcal/mol 

has the lowest score. 

The RMSD score is a second parameter used to 

assess this docking process, and an RMSD value 

(upper bond) between 1.0–3.0 Å is usually considered 

a successful docking [33]. Only three compounds have 

RMSD (upper bond) scores below 3.0 Å out of the 

twelve compounds, namely Rhodomyrtone, 

Tomentodione E, and Myricetin, with scores of 2.48 

Å, 2.11 Å, and 2.57 Å, respectively, compared to 

coenzyme B, which has an RMSD score of 2.39 Å. 

Hence, the result indicates that not all compounds are 

successfully docked with MCR proteins, even though 

their binding free energy fulfills the criteria compared 

to the natural substrate. This can be evaluated from the 

type of bond and interaction formed between the 

ligand and the receptor protein. 

The possible bonds that can be formed, such as 

hydrogen bond, Van der Waals bond, and hydrophobic 

bond, are also considered parameters to determine the 

relationship between structure, activity, and the 

strength of interaction between atoms, primarily 

hydrogen and hydrophobic bonds. The interaction of 

the twelve compounds and one natural substrate with 

the MCR protein is shown in Figures 3–4 and Table 3.
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(a) (b) (c) 

   

(d) (e) (f) 

 

Figure 3: The binding interaction between Rhodomyrtial A (a), Rhodomyrtone (b), Rhodomyrtyal B (c), 

Tomentosone A (d), Rhodomyrtosone A (e), Tomentedione E (f). 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

 

 

 

 (g)  

Figure 4: The binding interaction between Myricetin (a), Lupeol (b), Rhodomyrtosone B (c), Tomentosin (d), 

Beta-pinene (e), Alpha-pinene (f), Coenzyme B(g).  

 

Table 3: Binding interaction with the MCR Protein. 
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The docking results of 12 compounds from R. 

tomentosa are visualized in 2D using Biovia 

Discovery Studio Visualizer to show the bonds and 

interactions that occur. Table 3 shows the type of bond 

and the number of bonds that emerged from the 

docking process that was carried out.  

The two types of interactions shown in Table 3 

are essential because hydrogen bonds and hydrophobic 

interactions contribute to the mechanical stability of 

most protein domains [48]. Hydrogen bonds play an 

essential role in the structure of the complex between 

ligands and proteins [49]–[51]. The more hydrogen 

bonds indicate the stronger the interaction between the 

ligand and protein, because hydrogen bonds make the 

bond between the two more stable [52], [53]. The 

more amino acids that bind with hydrogen bonds, the 

stronger the binding affinity and the smaller the 

energy required for the interaction between ligands 

and proteins [54]. The stronger the hydrogen bond, the 

closer it gets to perfect geometry [55]. It can be said 

that hydrogen bonds are stronger than hydrophobic 

bonds, although both have a crucial role in the bond 

between ligand and protein. 

The molecular docking results have shown that 

there were three compounds, namely Rhodomyrtone, 

Tomentodione E, and Myceretin, which have the most 

hydrogen bonds and are equal to or even higher than 

the hydrogen bonds possessed by coenzyme B as a 

natural substrate. Rhodomyrtone has four hydrogen 

bonds with amino acid residues: TYR D:133, ARG 

F:120, ARG F:120, GLY D:397, and three 

hydrophobic bonds (Figure 4). Tomentodione has the 

most number of hydrogen bonds, which is seven bonds 

with amino acid residues such as ARG D:225, two 

bonds, GLU D:275, ALA D:256, GLY B:369, and two 

bonds, GLY B:368. Myceretin has five hydrogen 

bonds with amino acid residues: ALA A:258, ARG 

D:270, GLY E:369 2 bonds, TYR A:253, and one 

hydrophobic bond. While coenzyme B, as a natural 

substrate, has five hydrogen bonds with amino acid 

residues in the form of TYR B: 367, GLN D: 147, 

GLY A: 397, GLY C: 119, HIS C: 158. The three 

compounds have the strongest ligand-protein bond as 

  Ligand Pubchem ID Hydrogen Bond Interaction Hydrophobic Interaction 

NHB Amino Acid Residues Interaction Amino Acid Residues 

1 Rhodomyrtial A 132513224 – TYR D:133, ARG 2 PRO E:65, ARG D:270 
2 Rhodomyrtone 44237956 4 F:120 (2), GLY D:397 3 ARG F:120, LEU F:117, ILE 

E:366 

3 Rhodomyrtial B 132513225 1 HIS D:262 3 PRO B:65, MET B:171, 
TYR D:266 

4 Tomentosone A 56929124 1 ARG D:270 3 HIS E:199, GLU E:169, 

LYS E:187 
5 Rhodomyrtosone A 122215475 2 MET D:150, TYR B:367 5 PHE A:443, MET D:233, 

TYR A:333, MET D:150, 

TYR B:367 

6 Tomentodione E 132576365 7 ARG D:225 (2), GLU D:275, 

ALA D:256, GLY B:369 (2), 

GLY B:368  

– 
 

7 Myceretin 14524431 5 ALA A:258, ARG D:270, 

GLY E:369 (2), TYR A:253 

1 TYR A:253 

8 Lupeol 259846 – 
 

12 ALA D:540, ALA D:159, 
ALA D:156, LYS A:50, 

ARG A:51 (2), LEU D:545 

(2), ALA D:544(2), VAL 
D:519(2) 

9 Rhodomyrtosone B 56588580 2 LYS A:256, ARG D:270 2 TYR A:253, LYS A:256 

10 Tomentosin 155173 1 ARG D:225 4 ARG A:270 (2), ILE B:380, 
MET A:324 

11 Betapinene 14896 – 
 

14 TRP A:319, LEU A:267, 

ALA A:479 (2), PRO A:269 
(2), ILE B:360 (2), MET 

A:324 (3), ARG A:270 (3) 

12 Alphapinene 6654 – 
 

6 ILE B:366, PHE A:443, 
TYR B:367 (3), LEU C:117 

13 Coenzyme B 5462265 5 TYR B:367, GLN D:147, GLY 

A:397, GLY C:119, C:158 

3 TYR B:367, PHE B:361, 

VAL C:155 
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indicated by the number of hydrogen bonds, but this 

also follows the small binding affinity value and 

RMSD below 2.5 Å. 

 

3.2 ADMET Prediction 

 

The ADMET prediction study aims to find the 

properties in the form of predictive models for 

physicochemical properties, pharmacokinetics, drug-

likeness, medicinal chemistry friendliness, and 

toxicity. According to Lipinski's Rule of Five (RO5), 

a compound is considered a promising drug candidate 

for pre-clinical studies if it meets the following 

criteria: its molecular weight is 500 Dalton or less, it 

has no more than 10 r 4otatable bonds, it contains no 

more than 10 hydrogen bond acceptors, it has no more 

than five hydrogen bond donors, and its partition 

coefficient (log P o/w) is five or less [56], [57].  

Based on these criteria, almost all compounds 

fulfil the criteria to become drug candidates. Table 4 

shows three compounds whose molecular weights 

exceed the criteria: tomentosone A, rhodomyrtial A, 

and rhodomyrtial B. As for the number of violations, 

three compounds score 2, namely maceration, 

rhodomyrtial A, and B. Myricetin also has hydrogen 

bond acceptor and donor, exceeding the criteria. 

Hence, the three compounds, namely Myricetin and 

rhodomyrtial A and B, need more attention if 

developed as drug candidates. The results shown in 

Table 4 show that Rhodomyrtone, rhodomyrtosone A 

and B, and tomentosene show promising results as 

drug candidates.

 

Table 4: ADME Prediction using the SwissADME web tool. 

Compound  M.wt HBA HBD NRB MF TPSA Log P Log S 
GI 

Absorb 
BBB P B Score 

Lipinski’s 

violation 

Rhodomyrtone 442.54 6 2 5 124.2 100.9 3.7 -6.02 High No 0.56 0 

Rhodomyrtosone A 442.5 7 2 4 118.4 110.1 3.5 -5.38 High No 0.56 0 

Rhodomyrtosone B 442.54 6 2 5 124.2 100.9 2.9 -6.02 High No 0.56 0 

Tomentosone A 688.85 9 1 6 190.3 133.3 5.1 -9.15 Low No 0.56 1 

Tomentosin 248.32 3 0 3 70.5 43.37 2.4 -2.38 High Yes 0.55 0 

Rhodomyrtial A 705.02 6 0 4 206.5 86.74 4.8 -10.53 Low No 0.56 2 

Rhodomyrtial B 705.02 6 0 4 206.5 86.74 4.8 -10.53 Low No 0.56 2 

Tomentodione E 450.65 3 0 3 136.3 43.37 7.1 -7.23 Low No 0.85 1 

Myricetin 450.35 12 8 4 106.2 210.5 0.4 -3.13 Low No 0.17 2 

Lupeol 426.72 1 1 1 135.1 20.23 6.9 -8.64 Low No 0.55 1 

Alpha Pinene 136.23 0 0 0 45.2 0 4.29 -3.15 Low Yes 0.55 1 

Beta Pinene 136.23 0 0 0 45.2 0 4.29 -3.31 Low Yes 0.55 1 

Abbreviations: M.wt = Moleculer Weight; HBA =   Hydrogen bond acceptor; HBD = Hydrogen bond donor; NRB = Number of rotatable 

bond; MF = Molar refractivity; TPSA = Topology polar surface area; Log P: Partition coefficient; Log S: Solubility; GI Absorb = 
Gastrointestinal absorption; BBB P = Blood –brain barrier permeability; B Score = Bioavailability score. 

 

Table 5: Toxicology properties. 
Compound  LD50 Toxicity Class 

Rhodomyrtone 690 4 

Rhodomyrtosone A 340 4 

Rhodomyrtosone B 690 4 

Tomentosone A 838 4 
Tomentosin 1330 4 

Rhodomyrtial A 1100 4 

Rhodomyrtial B 1100 4 
Tomentodione E 9500 6 

Myricetin 159 3 

Lupeol 2000 4 
Alpha Pinene 3700 5 

Beta Pinene 4700 5 

 

The Pro-Tox II web server was used to predict 

the toxicological properties of the compounds, with 

the results presented in Table 5. The predicted oral 

toxicity of the compounds ranged from 159 mg/kg to 

9500 mg/kg. Myricetin, being the only compound with 

the lowest toxicology class of 3, has a possibility of 

toxicity if swallowed. While most other compounds 

have a toxicity class of 4, there is a possibility of harm 

if swallowed. Including rhodomyrtone, none of the 

screened compounds were predicted to be a severe, 

fatal toxic class (Class I or II). So they can be used as 

feed.  

Based on the results of the ADMET Prediction 

study, the compound with the best potential that can 

be used as an inhibitor of MCR enzymes in cattle is 

rhodomyrtone. 

 

3.3 Molecular dynamic simulation 

 

After the docking study, MD simulations were 

performed to analyze the stability of the best-

performing compounds. Molecular dynamics of the 

protein-ligand complex aid in understanding the 

flexibility and conformational variations and the 

molecular basis of inhibition. We assessed binding 
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affinity and system stability using RMSD, RMSF, Rg, 

H-bond, and solvent accessible surface area (SASA) 

parameters to identify the optimal complex [58]. 

These analyses are essential for understanding the 

dynamic behavior of proteins over various timescales, 

from rapid internal movements to slower structural 

changes and protein folding. Based on a physics model 

of interactions, this method predicts atomic 

movements over time and captures critical molecular 

processes such as ligand binding, protein deformation, 

and folding with femtosecond resolution [59].  

Rhodomyrtone was selected based on the 

molecular docking results for MD simulation of the 

protein-ligand complex. The MD simulation of the 

protein-ligand complex between rhodomyrtone and 

MCR subunit alpha protein was performed for 150 ns. 

As shown in Figure 5, the RMSD value in this 

simulation was recorded between 0.15 nm and 0.2 nm 

at the end of the 150 ns simulation. At the beginning 

of the simulation, the RMSD value rises from 0.15 to 

0.2 nm at 0 to 10 ns and then stabilises until the end 

with a value of 0.2 nm. The bonding can be robust 

when viewed from the low RMSD value. In computer-

aided drug design, calculating the RMSD is a 

conventional method for evaluating structural 

alterations of a macromolecule during molecular 

dynamics simulations [60]. 

 

 
Figure 5: Amino acid residues of rhodomyrtone. 

 

   
(a) (b) (c) 

 
  

(d) (e) (f) 

Figure 6: Molecular dynamic simulation of rhodomyrtone against the MCR subunit alpha enzyme (a) RSMD, 

(b) RSMF, (c) SAS, (d) Rg, (e) Area per residue, (f) Hydrogen bonds. 

 

The stability of protein ligand-complex can be 

evaluated from the RMSF that represented the binding 

fluctuation between protein residue and ligand [61] In 

this study, the RMSF value of protein-ligand complex 

exhibited exclusive fluctuation in various ranges, from 

the first residue to 200 the RSMF value is in the range 

of 0.05–0.25 nm, from 250–400 the value is in the 

range of 0.05–0.175, and the rest of the residues 

exhibited the RMSF value in the range of 0.05–0.25. 

However, the MCR subunit alpha enzyme shows a low 

RMSF value (≤2.5 nm) for the residue of the binding 

site or predicted catalytic site, indicating strong 

molecular interaction between the protein enzyme and 

ligand [62]. 

The radius of gyration (Rg) represents the 

compactness of the protein-ligand complex, with a 

smaller Rg value indicating a more compact structure 

[63]. In our study, Rg of the protein and ligand 
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complexes was initially found to be between 2.5 and 

2.6 nm. The Rg values of the main protease with 

amodiaquine were stabilized after five ns, indicating a 

stable binding pose. This confirms a plateau formed in 

the Rg curve, indicating that the protein had been 

folded well [64]. 

Stability of protein-ligand complexes can be 

inspected by calculating the number of intermolecular 

hydrogen bonds [65]. Hydrogen bond analysis can 

determine the binding mode and interaction between 

the protein and ligand. The hydrogen plot shows two 

types of bonding distance: hydrogen bonding distance 

within 0.35 nm represents the stronger bonding, and 

hydrogen bonding distance greater than 0.35 nm 

represents the weaker bonding [61]. The 

intermolecular hydrogen bond between the MCR 

subunit alpha enzyme and rhodomyrtone was depicted 

in Figure 5. Based on the MD simulation, three 

hydrogen bonds were consistently observed 

throughout the MD simulation, while a maximum of 

eight hydrogen bonds were observed at different time 

frames. The plot shows that hydrogen bonds were 

dominated by bonds with a length of less than 0.35 nm, 

indicating a strong interaction between the MCR 

subunit alpha enzyme and rhodomyrtone. 

The SASA was performed to analyse the portion 

of the protein that is exposed and interacts with the 

surrounding solvent, indicating the stability and 

folding of the protein [62]. The result of the SASA plot 

is depicted in Figure 6. The results show that the traces 

for the SASA value steeped up within 125 ns, 

indicating protein structure relaxation and potentially 

reducing protein stability. 

 

3.4 In vitro gas production 

 

Based on the in silico screening of twelve bioactive 

compounds from R. tomentosa, Rhodomyrtone 

demonstrated the most promising inhibitory 

interaction with the MCR enzyme. It exhibited a 

strong binding affinity of -9.5 kcal/mol and an RMSD 

value of 2.48 Å, both indicating a stable and accurate 

binding pose (Table 2) [33], [46]. Rhodomyrtone also 

formed four hydrogen bonds with key active site 

residues such as TYR D:133 and ARG F:120, 

supporting its potential as a competitive MCR 

inhibitor (Table 3) [48], [54]. ADMET predictions 

confirmed its drug-likeness with no Lipinski’s rule 

violations, high gastrointestinal absorption, and low 

predicted toxicity (LD₅₀ = 690 mg/kg, toxicity class 4), 

making it a safe candidate for feed-based applications 

[34], [35], [56]. Furthermore, molecular dynamics 

simulations over 150 ns showed that the 

rhodomyrtone-MCR complex remained stable 

throughout, with low RMSD values (0.15–0.20 nm), 

stable radius of gyration (2.5–2.6 nm), and consistent 

hydrogen bonding (3–8 bonds within ≤ 0.35 nm), 

indicating strong and sustained binding interactions 

[58], [60], [61], [65]. 

The combined docking and molecular dynamic 

simulation evidence supports rhodomyrtone as a 

prioritized lead for MCR inhibitor, as it demonstrated 

strong binding affinity, stable interaction with 

conserved active-site residues, and sustained 

structural stability during long-timescale simulation 

[66], [67]. These results and favorable ADMET 

predictions highlight rhodomyrtone as a promising 

candidate for further validation. These computational 

findings provided a robust basis to advance 

rhodomyrtone into in vitro evaluation. Using a rumen 

fermentation model, the compound’s efficacy in 

reducing methane production was tested at sub-MIC 

concentrations (0.125 and 0.25 µg/mL), following 

previous MIC reports of 0.5–1 µg/mL [68]. This 

approach aimed to verify whether the predicted 

molecular inhibition of MCR could translate into 

measurable methane reduction without broadly 

disrupting rumen microbial activity. The test was 

conducted in 3 runs with two replicates of each run for 

each treatment. 

Gas production is closely related to the methane 

and CO2 generated during the fermentation process by 

rumen microbes. In this experiment, adding 

rhodomyrtone did not significantly affect methane 

production at 0.125 µg/ml and 0.25 µg/ml doses. 

Methane production in P0 (without rhodomyrtone) 

was recorded at 0.192 ml/mg of dry matter digested, 

while in P1 (dose 0.125 µg/ml) it was 0.153 ml/mg of 

dry matter digested, and in P2 (dose 0.25 µg/ml) it was 

0.174 ml/mg of dry matter digested. Statistical 

analysis shown in Table 6 showed no significant 

difference from the control (p-values > 0.05). 

However, a downward trend (Figure 7) indicates that 

increasing the dose led to a gradual reduction in 

methane production. Numerically, methane output 

decreased by approximately 10% compared to the 

control (P0). Although the statistical analysis revealed 

no significant difference among the treatments, the 

reduction pattern suggests a potential inhibitory effect 

of the treatment on methanogenesis activity. This 

decrease may be attributed to the suppression of 

methanogenic archaea or the inhibition of key 

enzymatic pathways such as MCR, which plays a 

central role in the final step of methane biosynthesis. 
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Furthermore, their effects are dose-dependent, as 

varying concentrations can influence the magnitude of 

methane reduction and overall rumen function. 

Therefore, optimizing the type and dosage of bioactive 

compounds is essential to achieve effective and 

sustainable methane mitigation in ruminant systems. 

The dose-dependent response implies that higher 

concentrations of bioactive compounds may gradually 

alter the structure of the rumen microbial community, 

shifting hydrogen utilization toward alternative 

pathways such as propionate formation instead of 

methanogenesis [69], [70].  

 

Table 6: In vitro study results of methane production 

*Means with the same letter are not significantly different. 

 

 
Figure 7: Methane production (ml/mg of dry matter 

(digested), between treatments.Blue bar : P2 vs P1, 

Red Bar: P0 vs P2, Different colors represent 

significantly different means. 

 

Methane is produced as a byproduct of feed 

fermentation, particularly the fermentation of 

carbohydrates into VFAs (acetate, propionate, 

butyrate). In the ruminant metabolism pathway, the 

production of acetate and butyrate releases pure 

hydrogen, while propionate formation creates a 

competitive pathway for using H+ in the rumen [68]. 

Methanogens in the rumen act as decomposers of 

hydrogen (H2) and CO2 produced by other microbes 

during feed fermentation, using them to produce CH4 

and help maintain lower reductive conditions to allow 

other microbial metabolic processes [71]. 

Rhodomyrtone in this study was used to mitigate 

methane production by leveraging its antimicrobial 

properties, as demonstrated in several previous studies 

against various types of bacteria, especially gram-

positive bacteria [16], [24], [72]. Antimicrobial 

compounds aim to manipulate rumen microbes 

associated with CH4 formation. Previous research has 

shown that antimicrobial compounds can reduce 

methane production by inhibiting methanogens 

directly or indirectly [73], [74].  Plant-derived 

phenolic compounds have been shown to reduce 

methane production in ruminants. The phenolic 

compound reduced methane production by 

suppressing methanogens and protozoa, also 

demonstrated antimethanogenic activity by altering 

rumen fermentation and microbial population [75]–

[77]. Together, these findings highlight that 

rhodomyrtone, like other phenolic compounds, might 

inhibit methanogen activity by directly affecting 

methanogen populations or by reducing the 

availability of molecular hydrogen through the 

reduction of protozoa. The antimicrobial activity of 

rhodomyrtone is expected to inhibit methanogen 

activity directly, reduce protozoan growth, and 

decrease the activity of H2-producing bacteria due to 

their role in producing H2 when breaking down 

cellulose into VFAs [9], [78], thus hindering CH4 

formation. 

However, this antimicrobial activity did not 

directly affect methanogens, likely because the 

treatment dose was not strong enough to suppress 

them. The doses used in this study were based on the 

minimum inhibitory concentration (MIC) of 

rhodomyrtone, which is 0.5-1 µg/ml [72]. MIC is the 

minimum concentration an antimicrobial needs to 

inhibit a microbe fully. 

This study used ¼ and ½ MIC doses with the 

hope that not all rumen bacteria would be suppressed, 

which could disrupt fermentation processes in the 

rumen. With this approach, the doses used were 

insufficient to inhibit methanogen activity maximally. 

 

4 Conclusions 

 

This study demonstrated that several bioactive 

compounds from R. tomentosa possess promising 

inhibitory potential against the key methanogenesis 

enzyme methyl-coenzyme M reductase (MCR). 

Among the twelve compounds analyzed through 

molecular docking, rhodomyrtone showed the most 

favorable interaction profile, with strong binding 

Block Methane production (mL/mg) p-values 

P0 P1 P2 

1 0,285 0,264 0,275 
 

2 0,185 0,112 0,143 
 

3 0,107 0,083 0,105 
 

Means 0,192a 0,153a 0,174a 0,08* 
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affinity, optimal RMSD values, and multiple 

hydrogen bonds with critical active site residues. 

ADMET predictions further supported 

rhodomyrtone’s suitability as a safe and drug-like 

compound. Molecular dynamics simulations 

confirmed the stability and persistence of 

rhodomyrtone binding over 150 ns, reinforcing its 

potential as a robust enzyme inhibitor.  

In vitro evaluation using rumen fermentation 

models indicated that rhodomyrtone could reduce 

methane production by approximately 10% at sub-

MIC concentrations. While this decline did not attain 

statistical significance, the observed downward trend 

suggests functional relevance and warrants further 

investigation. The absence of statistical significance 

may be ascribed to numerous factors, including the 

limited sample size, the substantial variability among 

rumen microbial populations, and the potential for 

confounding variables inherent in the fermentation 

system. These considerations underscore the necessity 

for more robust experimental designs in future studies. 

In summary, the results of the study indicate that 

rhodomyrtone is a potential agent for methane 

mitigation in ruminants. Subsequent research should 

concentrate on optimizing dosage, exploring 

synergistic effects with other bioactive compounds, 

and conducting in vivo trials to validate its efficacy 

under practical feeding conditions. 
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