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Abstract 
 

Global health, social, and economic systems have been seriously threatened by the 

coronavirus disease (COVID-19) pandemic. In addition to the increasing number of 

deaths, thousands of COVID-19 survivors continue to experience life-altering illness. 

This study aimed to evaluate multiple bioactive compounds from various indigenous 

medicinal plants against the structural proteins of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), including the envelope, nucleocapsid, and spike/spike 

receptor-binding domain (RBD) proteins, in search of potential antiviral drug 

candidates. Computational analysis was used to screen for binding affinities and 

assess chemical interactions between ligands and target proteins. The findings 

revealed the top three potential compounds to bind to the envelope protein (cafestol, 

kahweol, and ledene), nucleocapsid protein (cafestol, kahweol, and thearubigin), spike 

protein (tannic acid, eugeniin, and kahweol), and spike RBD protein (kahweol, 

cafestol, and tannic acid). Moreover, the study identified four types of plants that 

contain potential bioactive compounds against SARS-CoV-2 structural proteins, 

including black tea (Camellia sinensis), clove (Syzygium aromaticum), common bean 

(Phaseolus vulgaris), and star anise (Illicium verum). Interestingly, kahweol exhibited 

possible binding activity against all four target proteins. This result suggests that 

bioactive compounds from the listed medicinal plants could potentially be developed 

into antiviral drugs against COVID-19. 
 

Keywords: anti-viral drug, bioactive compounds, in silico, SARS-CoV-2, structural  

                  protein 
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1. Introduction 

 

The COVID-19 pandemic, which was declared in March 2020, is an enormous 

threat to the world’s health, social, and economic systems (McKee and 

Stuckler, 2020; Bueno-Notivol et al., 2021). More than 45 million cases of 

infection have been confirmed in more than 180 countries, with one million 

deaths (Chu, 2021). Not only did COVID-19 cause a terrible number of excess 

deaths, but thousands of people who survived it have permanent problems 

(Clark and Turner, 2021). This viral illness is marked by a high fever, a 

prolonged cough, bone pain, breathing difficulties, and can ultimately lead to 

pneumonia (Haleem et al., 2020; Subramanian et al., 2022). After making a 

full recovery from acute COVID-19, a significant number of individuals 

continue to exhibit symptoms of a physical, psychological, or cognitive nature 

(Ballering et al., 2022). 

 

The SARS-CoV-2 genomic sequence, its links with other SARS-CoV viruses, 

and the structure of its spike protein have been explored to uncover novel 

targets and effective new therapeutic techniques to reduce COVID-19 

transmission and death (Malik et al., 2020). To treat SARS-CoV-2, 

pharmaceutical companies are also creating drugs that target various phases 

of the viral life cycle. These stages involve viral adherence and entry into the 

host cell, endocytosis, replication, viral protease activity, suppression of the 

cytokine storm, and reduction of the freely circulating viral load (Al-Tawfiq, 

2020). Importantly, clinical trials are being conducted to test a variety of 

medications, convalescent plasma therapy, monoclonal antibodies, 

immunoglobulin therapy, and cell therapy to ensure the best strategy to tackle 

COVID-19 (Niknam et al., 2022). 

 

Century-old folk healers have advocated the use of herbal medicines and 

dietary herbs to treat a range of diseases (Shahrajabian et al., 2020; Demeke 

et al., 2021). The extensive use of plant-based pharmaceuticals with proven 

therapeutic efficacy has led to the discovery of several effective remedies from 

plant sources (Putra and Rifa’i, 2019; Cragg and Newman, 2021). Numerous 

findings suggest that natural treatments could mitigate the effects of COVID-

19 and prevent infection (Chan et al., 2020; Vellingiri et al., 2020; Putra et 

al., 2023). In China and India, herbal medicine is used alongside modern 

medications to strengthen patients’ immune systems (Ni et al., 2020; Shankar 

et al., 2020). Herbal treatments have also helped lessen the symptoms of viral 

illnesses like SARS-CoV-2. Natural therapies may help reduce and manage 

the risk of COVID-19. The use of herbal medicine to treat COVID-19 has 
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been advocated in various approaches in addition to conventional medication 

(Ang et al., 2020). Herbal medicine significantly contributes to the 

management of COVID-19 across cultures. Herbal treatments have the 

potential to directly or indirectly impact the immune system, host receptors, 

viral-host interactions, signaling cascades, molecular targets, and 

microenvironments (Hidayatullah et al., 2021, 2022; Liana and 

Phanumartwiwath, 2022). With this, the present study utilized a computational 

approach to predict potential bioactive compounds from various indigenous 

medicinal plants against the structural proteins of SARS‑CoV‑2, including the 

envelope, nucleocapsid, and spike/spike RBD protein. 

 

 

 

2. Methodology 

 

2.1 Ligands Preparation and Screening 

 

To screen bioactive components, 30 commonly and daily used indigenous 

Indonesian herbs and spices were evaluated (Table 1). The overall flowchart 

of this study is shown in Figure 1. Through PubChem database, the study was 

able to determine the structure of the primary bioactive chemicals that are 

present in the mentioned herbs and spices. The Indian Institute of Technology 

Delhi’s Supercomputing Facility for Bioinformatics and Computational 

Biology server was used to conduct the drug-like screening of these 

compounds (Jayaram et al., 2012; Putra, 2018; Hidayatullah et al., 2023). 

 

 

 

 

 

 

 

 

 

Figure 1. Flow chart of overall in silico study 

 

2.2 Proteins Preparation and Optimization 

 

This current investigation focused on different target proteins: the 

SARS‑CoV‑2’s envelope, the nucleocapsid, and the spike/spike RBD protein. 

The SWISS-MODEL server was utilized in order to construct the three-
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dimensional (3D) model. The study moved forward with the processes based 

on the structure that had the greatest amount of overlap with the protein 

sequences. The template codes for the proteins that were employed were 

2mm4.1.A for the envelope protein, 7n0r.1 for the nucleocapsid protein, 

6bfu.1.A for the spike protein, and 7b17.1 for the spike RBD. 

 

Table 1. The list of common indigenous Indonesian herbs and spices 

 

No. Local name Scientific name 

1 Wigen Sesamum indicum 

2 Vanili Vanillia planifolia 

3 Ubi Ipomoea batatas 

4 Te hitam Camellia sinensis 

5 Talas Colocasia esculenta 

6 Serai Cymbopogon citratus 

7 Saffron Crocus sativus 

8 Pala Myristica fragrans 

9 Lengkuas Alpinia galanga 

10 Lada Piper nigrum 

11 Kluwek Pangium edule 

12 Ketumbar Coriandrum sativum 

13 Kencur Kaempferia galanga 

14 Kemukus Piper cubeba 

15 Kemiri Aleurites moluccanus 

16 Kelor Moringa oleifera 

17 Kedelai Glycine max 

18 Kayu secang Caesalpinia sappan 

19 Kayu manis Cinnamomum burmannii 

20 Kapulaga Amomum compactum 

21 Kacang hijau Phaseolus vulgaris 

22 Jinten Plectranthus amboinicus 

23 Jahe Zingiber officinale 

24 Daun salam Syzygium polyanthum 

25 Cengkeh Syzgium aromaticum 

26 Bunga luwang Illicium verum 

27 Beras hitam Oryza sativa 

28 Asam jawa Tamarindus indica 

29 Andaliman Zanthoxylum acanthopodium 

30 Adas Foeniculum vulgare 
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2.3 Docking, Visualization, and Analysis 
 

 

During the docking process, the PyRx software was utilized (Dallakyan and 

Olson, 2015; Putra et al., 2017; Widiastuti et al., 2023). All of the elements, 

including the structures of the proteins and ligands, have been converted to the 

AutoDock format (pdbqt). After deciding which proteins and compounds 

would serve as targets, the docking coordinates and coverage area (Å) were 

calculated (Table 2). The primary docking outcomes were determined based 

on the binding affinity, the binding site position, and the protein-ligand 

interaction that were discovered through the visualization process according 

to the authors’ previous study (Putra et al., 2020, 2021).  

 

Table 2. Coordinates and coverage area (Å) setting during molecular docking 

 

Center X Y Z 

Envelope protein 41.7375 19.7655 -21.4917 

Nucleocapsid protein 0.0000 0.0000 0.3159 

Spike protein 212.813 212.813 196.1010 

Spike RBD 305.926 306.389 306.3797 

    

Dimensions X Y Z 

Envelope protein 16.3004 47.6566 20.5333 

Nucleocapsid protein 48.9776 51.3146 42.3157 

Spike protein 107.9392 112.7436 142.0711 

Spike RBD 66.9458 52.9292 87.0893 

 

 

 

3. Results and Discussion 

 

Computational analysis revealed that several bioactive compounds such as 

cafestol, kahweol, ledene, β-elemene, γ-elemene, tocotrienol, β-selinene, γ-

selinene, γ-oryzanols, and β-sitosterol had great potency to bind with 

SARS‑CoV‑2 envelope protein compare with control drugs, Arbidol and 

Chloroquine (Figure 2). The 3D and 2D structure visualization of the 

complexes also showed the similar pattern of binding area to each other 

(Figures 3 and 4).  

 

These findings suggested that the bioactive compounds might have 

competitiveness in inhibitory activity against the target protein compared with 

the control drugs. A study demonstrated that ligands with similar binding 

modes tend to have similar structures and closely related biological functions. 
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However, dissimilar ligand structures may still exhibit similar binding modes, 

although their biological functions might vary from each other (Xu and Zou, 

2021).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Cafestol (a); kahweol (b); ledene (c); β-elemene (d); γ-elemene (e); tocotrienol; (g). β-selinene (g); γ-selinene 

(h); γ-oryzanols (i); β-sitosterol (j); arbidol (k); chloroquine (l) 

 

Figure 2. The binding’s affinity score of envelope protein – ligand complex 

 

 

 

 

 

 

 

 

 

 

 
Cafestol (a); kahweol (b); ledene (c); β-elemene (d); γ-elemene (e); tocotrienol (f); β-selinene (g); γ-selinene 

(h); γ-oryzanols (i); β-sitosterol (j) 

 

Figure 3. The 3D structure visualization of envelope protein – ligand complex 

 

Together, the computational prediction showed the presence of hydrophobic 

interactions in cafestrol, kahweol, and ledene, which were the top three 

compounds with the greatest binding affinity after molecular docking using 

PyRx software (Table 3).  
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Cafestol (a); kahweol (b); ledene (c); arbidol (d); chloroquine (e) 

 

Figure 4. The 2D structure visualization of envelope protein – ligand complex 

 

Table 3. List of amino acids residue and chemical interaction of top three bioactive 

compounds and control drugs against envelope protein 

 

No. Compound Source Amino Acids Residue Interaction 

1 Cafestol 

CID. 108052 

 

Common bean 

(P. vulgaris) 

 

Thr23(A); Phe19(A); 

Phe16(A) 

Hydrophobic 

interaction 

2 Kahweol 

CID. 114778 

 

Common bean 

(P. vulgaris) 

 

Leu20(A); Phe13(A); 

Phe16(A); Val17(A) 

Hydrophobic 

interaction 

3 Ledene 

CID. 

10910653 

 

Star anise 

(I. verum) 

Thr23(A); Leu20(A); 

Phe16(A); Phe19(A) 

Hydrophobic 

interaction 

4 Arbidol 

CID. 131411 

 

Antiviral drug 

(control) 

Leu24(A); Phe13(A); 

Leu12(A); Phe16(A); 

Leu20(A); Val17(A); 

Leu21(A) 

Hydrophobic 

interaction 

5 Chloroquine 

CID. 2719 

Antiviral drug 

(control) 

Val17(A); Phe13(A); 

Leu12(A); Ser9(A); 

Phe16(A); Leu20(A) 

Hydrophobic 

interaction 

 

As an additional step in the drug discovery process, binding affinity is 

evaluated to assist in the development of drugs that interact with their targets 

precisely and selectively (Putra and Rifa’i, 2020; Thafar et al., 2022; Maslikah 

(a) (b) (c) 

(d) (e) 
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and Putra, 2024). Importantly, more negative values of binding affinity 

suggest a stronger interaction between ligands/drugs and receptor proteins 

(Uzzaman et al., 2019). In the present study, several bioactive compounds, 

including cafestol, kahweol, thearubigin, tannic acid, theaflavin-3,3’-

digallate, eugeniin, β-selinene, γ-selinene, γ-elemene, and β-elemene, showed 

potency to bind with the SARS‑CoV‑2 nucleocapsid protein compared with 

the control drugs, Arbidol and Chloroquine (Figure 5). The 3D and 2D 

visualizations, which provide the ligand’s position, are shown in Figures 6 and 

7, respectively. Interestingly, the top three compounds showed hydrogen 

bonds and hydrophobic interactions in complexes with the nucleocapsid 

protein (Table 4). Hydrogen bonding plays a crucial role in drug discovery as 

it contributes to the stabilization of the 3D structures of therapeutic targets, 

such as proteins and RNA (Putra et al., 2019; Costales et al., 2020). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Cafestol (a); kahweol (b); thearubigin (c); tannic acid (d); theaflavin-3,3’-digallate (e); eugeniin (f); β-selinene 

(g); γ-selinene (h); γ-elemene (i); β-elemene (j); arbidol (k); chloroquine (l) 

 

Figure 5. The binding’s affinity score of nucleocapsid protein – ligand complex 

 

Consistent with previous findings on the envelope and nucleocapsid proteins, 

the present study also identified several potential bioactive compounds with 

proper binding affinity, such as tannic acid, eugeniin, kahweol, thearubigin, 

theaflavin-3,3’-digallate, crocin, sesamolin, cubebin, fisetin, and ledene, 

against the SARS‑CoV‑2 spike protein (Figure 8). The 3D and 2D 

visualizations, providing the ligand’s position, are shown in Figures 9 and 10, 

respectively. Similar to the nucleocapsid interaction, the top three compounds 

exhibited hydrogen bonding and hydrophobic interactions in complexes with 

the spike protein (Table 5). 
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Cafestol (a); kahweol (b); thearubigin (c); tannic acid (d); theaflavin-3,3′-digallate (e); eugeniin (f); β-selinene 

(g); γ-selinene (h); γ-elemene (i); β-elemene (j) 

 

Figure 6. The 3D structure visualization of nucleocapsid protein – ligand complex 

 

Table 4. List of amino acids residue and chemical interaction of top three bioactive 

compounds and control drug against nucleocapsid protein 

 

No. Compound Source Amino acids residue Interaction 

1 Cafestol 

CID. 108052 

 

Common bean 

(P. vulgaris) 

Gln38(B) Hydrogen 

bond 

 

Thr39(B); Thr82(B); 

Trp82(B); Glu80(B); 

Ala93(B); Gly92(B); 

Thr89(B); Thr91(B) 

 

Hydrophobic 

interaction 

2 Kahweol 

CID. 114778 

 

Common bean 

(P. vulgaris) 

Gln38(B); Thr91(B) Hydrogen 

bond 

 

Trp87(B); Thr39(B); 

Thr89(B); Thr82(B); 

Ala93(B); Glu80(B); 

Gly92(B) 

 

Hydrophobic 

interaction 

3 Thearubigin 

CID. 

100945367 

 

Black tea 

(C. sinensis) 

Gly41(A); Arg33(A); 

Gln40(A); Lys95(B); 

Asp97(B) 

Hydrogen 

bond 

 

 

Lys99(B); Ser84(A); 

Thr39(A); Trp87(A);  

Hydrophobic 

interaction 

(a) (b) (c) (d) 

(e) (f) (g) (h) 

(i) (i) 
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Phe31(A); Arg34(A); 

Gly32(A); Arg19(A); 

Ile94(B); Leu96(B); 

Gln17(A); Phe64(B); 

Gln63(B); Asp100(B); 

Gln106(B) 

 

4 Arbidol 

CID. 131411 

 

Antiviral drug 

(control) 

Gln17(A) Hydrogen 

bond 

 

Lys95(B); Pro15(A); 

Arg19(A); Ser12(A); 

Lys13(A); Phe64(B); 

Asp97(B); Arg16(A) 

 

Hydrophobic 

interaction 

5 Chloroquine 

CID. 2719 

 

Antiviral drug 

(control) 

Lys95(A) Hydrogen 

bond 

 

Gln17(B); Arg16(B); 

Pro15(B); Asp97(A); 

Leu96(A); Phe64(A) 

Hydrophobic 

interaction 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Cafestol (a); kahweol (b); thearubigin (c); arbidol (d); chloroquine (e) 

 

Figure 7. The 2D structure visualization of nucleocapsid protein – ligand complex 

 

(a) (b) (c) 

(d) (e) 

Table 4 continued. 
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Furthermore, as the final target protein in this study, several bioactive 

compounds were demonstrated against the spike RBD protein, namely 

kahweol, cafestol, tannic acid, ledene, sesaminol, morin, γ-selinene, 

thearubigin, β-selinene, and genistein, which displayed greater binding 

affinity compared with the control drugs (Figure 11). The 3D and 2D 

visualizations, providing the ligand’s position, are shown in Figures 12 and 

13, respectively, illustrating the chemical interaction among the complexes of 

ligands and target proteins (Table 6). 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Tannic acid (a); eugeniin (b); kahweol (c); thearubigin (d); theaflavin-3,3’-digallate (e); crocin (f); sesamolin 

(g); cubebin (h); fisetin (i); ledene (j); arbidol (k); chloroquine (l) 
 

Figure 8. The binding’s affinity result of spike protein – ligand complex 

 

 

 

 

 

 

 
 

 

 

 

 

 

Tannic acid (a); eugeniin (b); kahweol (c); thearubigin (d); theaflavin-3,3’-digallate (e); crocin (f); sesamolin 

(g); cubebin (h); fisetin (i); ledene (j) 

 

Figure 9. The 3D structure visualization of spike protein – ligand complex 
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According to the above explanation regarding the present findings, the study 

discovered an intriguing aspect: a bioactive compound isolated from common 

beans, called kahweol, appeared in all target proteins, including envelope, 

nucleocapsid, and spike/spike RBD proteins, exhibiting the greatest binding 

affinity among other ligands (Figure 14). Furthermore, among 30 herbs and 

spices analyzed, four types of plants were found to contain potential bioactive 

compounds against SARS‑CoV‑2 structural proteins: black tea, clove, 

common beans, and star anise (Tables 3 to 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Tannic acid (a); eugeniin (b); kahweol (c); arbidol (d); chloroquine (e) 

 

Figure 10. The 2D structure visualization of spike protein – ligand complex 

 

Table 5. List of amino acids residue and chemical interaction of top three bioactive 

compounds and control drug against spike protein 

 

No. Compound Source Amino acids residue Interaction 

1 Tannic acid 

CID. 

16129778 

Black tea 

(Camelia 

sinensis) 

Phe822(A); Thr850(C); 

Asn857(C); Asn604(C); 

Thr599(C); Ser812(A); 

Ser58(A); Leu65(A); 

Thr59(A); His66(A); 

Gly448(B); Ser425(B); 

Gly423(B); Arg835(A); 

Asn821(A); Thr827(A); 

Asn821(A); Gln843(C) 

 

Hydrogen bond 

  

(a) (b) (c) 

(d) (e) 
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Asp846(C); Arg847(C); 

Asn820(A); His813(A); 

Ile605(C); Gln817(A);  

Ser600(C); Ala601(C); 

Tyr598(C); Ala816(A); 

Gln597(C); Pro61(A); 

Ser445(B); Pro446(B); 

Leu60(A); Thr444(B);  

 

Asp831(A); Val424(B); 

Ser826(A) 

 

 

 

Hydrophobic 

interaction 

2 Eugeniin 

CID. 442679 

Clove 

(S. 

aromaticum) 

Ser812(B); Thr444(C); 

Ser445(C); Asn820(B); 

Asn821(B); Thr599(A); 

His813(B) 

 

Hydrogen bond 

Tyr451(C); Pro446(C); 

Thr447(C); Gly448(C); 

Ser819(B); Tyr598(B); 

Ser600(A); Ala816(B); 

Ala601(A); Leu691(B) 

 

Hydrophobic 

interaction 

3 Kahweol 

CID. 114778 

 

Common 

bean  

(P. 

vulgaris) 

Thr850(B) 

 

Hydrogen bond 

Leu852(B); Ala601(A); 

Thr599(B); Tyr598(B); 

Gln817(C); Asn857(B) 

 

Hydrophobic 

interaction 

4 Arbidol 

CID. 131411 

 

Antiviral 

drug 

(control) 

Arg847(A) 

 

Hydrogen bond 

Asn820(A); Thr850(C); 

Ala854(A); Thr850(A); 

Phe822(A); Gly851(A); 

Gln823(A); Gln823(C); 

Gln823(B); Phe822(C); 

Arg847(B); Phe822(B) 

 

Hydrophobic 

interaction 

5 Chloroquine 

CID. 2719 

 

Antiviral 

drug 

(control) 

Tyr715(B) 

 

Hydrogen bond 

Asn897(A); Lys625(B); 

Asn622(B); Gln565(C); 

Thr792(C); Glu788(C); 

Thr566(C); Gln878(B); 

Gly893(C); Asn882(B); 

Lys886(B); Met623(B) 

Hydrophobic 

interaction 

 

Table 5 continued. 
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Based on these findings, kahweol showed promising potential as a candidate 

for developing multi-target drugs. Multi-target drugs can regulate several 

target proteins in specific diseases, offering benefits in improving efficacy and 

avoiding side effects (Talevi, 2015; Viana et al., 2018). In cancer-related 

research, kahweol is known for its impact on promoting several important 

molecular targets, including AP-1, NF-kB, CREB, STAT3, and STAT1 (Chen 

et al., 2022). Conversely, kahweol has demonstrated therapeutic potential in 

promoting inflammatory mediators such as IL-8, MCP1, and ICAM1 (Hao et 

al., 2019). Furthermore, kahweol is recognized for its function in stimulating 

the expression of Nrf2 and reducing oxidative stress during liver injury (Seo 

et al., 2020). From the perspective of viral infections, Nrf2 exerts a protective 

effect against infection (Wang et al., 2023). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Kahweol (a); cafestol (b); tannic acid (c); ledene (d); sesaminol (e); morin (f); γ-selinene (g); thearubigin (h); 

β-selinene (i); genistein (j); arbidol (k); chloroquine (l) 

 

Figure 11. The binding’s affinity result of spike RBD – ligand complex 

 

In recent years, there has been intensive research on a wide range of natural 

compounds to better understand their antiviral properties. One such class of 

chemicals known for its potent antiviral properties is polyphenols (Kitazato et 

al., 2007). Components of black tea extract, such as theaflavins, have 

demonstrated potent antiviral activity against calicivirus, herpes simplex virus 

1, human immunodeficiency virus 1, and influenza A (Chowdhury et al., 

2018; Mhatre et al., 2021). Clove, one of the most precious spices, has been 

used for many years both as a food preservative and as a component in various 

medicinal preparations. A research group noted that clove exhibits antiviral 

activity against herpes simplex virus type 1 (Cortés-Rojas et al., 2014).  
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Kahweol (a); cafestol (b); tannic acid (c); ledene (d); sesaminol (e); morin (f); γ-selinene (g); thearubigin (h); 

β-selinene (i); genistein (j) 

 

Figure 12. The 3D structure visualization spike RBD – ligand complex 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Kahweol (a); cafestol (b); tannic acid (c); arbidol (d); chloroquine (e) 

 

Figure 13. The 2D structure visualization of spike RBD – ligand complex 
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Table 6. List of amino acids residue and chemical interaction of top three bioactive 

compounds and control drug against spike RBD protein 

 

No. Compound Source Amino acids residue Interaction 

1 Kahweol 

CID. 114778 

 

Common 

bean  

(P. 

vulgaris) 

Asn168(A); Tyr254(B) Hydrogen 

bond 

 

Ser136(B); Asp253(B); 

Tyr172(A); Arg70(A); Gln165(A) 

Hydrophobic 

interaction 

 

2 Cafestol 

CID. 108052 

 

Common 

bean  

(P.  

vulgaris) 

Asp134(A); Arg121(A) Hydrogen 

bond 

 

Tyr140(A); Arg124(A); 

Gln141(A); Lys124(A); 

Ile139(A); Glu138(A); Ser136(A) 

 

Hydrophobic 

interaction 

3 Tannic acid 

CID. 

16129778 

Black tea 

(C. 

sinensis) 

Tyr254(B); Ser136(B); 

Tyr162(A); Leu4(B); Ser110(B); 

Gly99(B); Gln81(A); Arg75(A); 

Asp72(A); Asp253(B) 

 

Hydrogen 

bond 

Asn168(A); Gly169(A); 

Gln113(B); Gly112(B); 

Trp111(B); Gln3(B); Gln1(B); 

Val2(B); Glu73(A); Met252(B); 

Arg70(A); Tyr172(A); Gly135(B) 

 

Hydrophobic 

interaction 

4 Arbidol 

CID. 131411 

 

Antiviral 

drug 

(control) 

Gly134(B) 

 

Hydrogen 

bond 

 

Pro166(A); Pro41(B); Val40(B); 

Gln39(B); Val92(B); Try94(B); 

Gln173(A); Val170(A); 

Gly169(A); Asn168(A); 

Gln113(B); Gly133(B); 

Thr167(A) 

 

Hydrophobic 

interaction 

5 Chloroquine 

CID. 2719 

 

Antiviral 

drug 

(control) 

Glu151(A); Pro146(A) Hydrogen 

bond 

 

Cys147(A); Val150(A); 

Gly152(A); Tyr195(B); 

Thr194(B); Tyr196(B); 

Phe153(A); Lys201(B); 

Asn154(A); Cys155(A); 

Thr145(A) 

Hydrophobic 

interaction 
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Figure 14.  

 

 

 

Interestingly, clove has been explored as an anti-COVID-19 remedy through 

decoction preparation, involving boiling clove in water for 15 min 

(Vicidomini et al., 2021). Similarly, common bean has demonstrated antiviral 

activity, showing reverse transcriptase activity against human 

immunodeficiency virus (Patel et al., 2021). In addition to its culinary use as 

a seasoning, star anise is a key component of Chinese medicinal herbs and is 

renowned for its antiviral effects. It is well-documented that star anise 

possesses antiviral properties, particularly against influenza A, influenza B 

(Patra et al., 2020), and grouper iridovirus infection (Liu et al., 2020). Given 

the evidence presented for their antiviral properties, these medicinal plants and 

The 3D structure visualization of bioactive compounds (top ten) and control 

drugs toward the envelope protein (a), nucleocapsid protein (b), spike 

protein (c), and spike RBD protein (d); the Venn diagram showed kahweol 

is present in four target proteins (e) 

(a) (b) 

(c) (d) 

(e) 
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their components hold significant potential for development into anti-COVID-

19 medications. 

 

 

 

4. Conclusion and Recommendation 

 

Approximately four out of thirty types of plants evaluated in this study exhibit 

potential bioactive compounds against SARS‑CoV‑2 structural proteins, 

including black tea (C. sinensis), clove (S. aromaticum), common bean (P. 

vulgaris), and star anise (I. verum). Interestingly, our findings demonstrate 

that kahweol, widely found in all of these medicinal plants, is the only 

compound that exhibits multi-target properties against SARS‑CoV‑2’s 

envelope protein, nucleocapsid protein, spike protein, and spike RBD protein. 

These preliminary findings suggest great potential for developing an anti-

SARS-CoV-2 drug candidate. Further research is needed to explore the 

biological activity of kahweol through in vitro or in vivo studies to evaluate 

its pharmacokinetics, toxicity, and efficacy as a multi-target drug candidate 

against SARS‑CoV‑2.    
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