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					ABSTRACT  

					ARTICLE INFO  

					The innovation of feed wafer formulation represents a promising strategy to enhance nutritional  

					efficiency and promote sustainability within the livestock sector. Spices, classified as herbal  

					plants, have long been utilized in traditional Indonesian medicine. Empon-empon, a traditional  

					herbal mixture, typically comprises various rhizomes such as turmeric (Curcuma longa),  

					aromatic ginger (Kaempferia galanga), and temulawak (Curcuma xanthorrhiza). The bioactive  

					compounds contained in these plants possess well-documented antioxidant, anti-inflammatory,  

					and antimicrobial activities, and are anticipated to support the health and productivity of  

					ruminant animals. This study employed molecular docking analysis to assess the interactions  

					between bioactive constituents from these three rhizomes and specific target proteins involved  

					in ruminant physiological processes. The selected compounds were identified based on previous  

					GC-MS analyses, and their three-dimensional structures were retrieved from the PubChem  

					database (https://pubchem.ncbi.nlm.nih.gov/). The structural data for the target proteins were  

					obtained from the RCSB Protein Data Bank (https://www.rcsb.org/). Furthermore, the drug-  

					likeness of the compounds was evaluated according to Lipinski’s Rule of Five. Among the tested  

					compounds, naringenin and dihydrocurcumin—both derived from Curcuma species—  

					demonstrated the strongest binding affinities, each recording a value of −10.00 kcal/mol against  

					the Testis-Specific Androgen Binding Protein and the Glucagon Receptor. Additionally, Bis-  

					Demethoxycurcumin, a compound isolated from turmeric, exhibited a binding affinity of −9.2  

					kcal/mol with Cathepsin L protein. These high binding affinities suggest that the compounds  

					have significant potential as inhibitors of key proteins, thereby offering long-term benefits for  

					livestock health through modulation of immune responses, metabolic pathways, and  

					reproductive functions.  
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					One promising innovation for optimizing feed nutrition is the  

					development of animal feed wafers.4 This technology enhances  

					Introduction  

					nutritional value, facilitates storage and transportation, and maximizes  

					the utilization of agricultural waste, which in Indonesia alone reaches  

					230 million tons per year, with only 30-40% being utilized as animal  

					feed.5 Feed is fundamental in ruminant farming, influencing digestive  

					efficiency, nutrient absorption, and overall animal health. In addition to  

					meeting basic nutritional requirements, feed must also support the  

					health and well-being of livestock.6 Feed wafers, as a compressed form  

					of feed, enable the optimal utilization of various feed ingredients,  

					including agricultural waste. The increasing concern regarding the use  

					of synthetic additives, particularly after the ban on Antibiotic Growth  

					Promoters (AGP) due to harmful residues, has led to a growing interest  

					in natural alternatives.7 Many studies have highlighted the potential of  

					empon-empon as a natural feed supplement that enhances livestock  

					health and productivity. Empon-empon is a group of herbal plants that  

					have long been used in traditional medicine in Indonesia.8 These plants  

					have various health benefits and are often used as herbal ingredients.  

					Empon-empon usually consists of several types of rhizomes, such as  

					turmeric (Curcuma longa), aromatic ginger (Kaempferia galanga), and  

					curcuma (Curcuma xanthorrhiza).9 Turmeric (Curcuma longa) is a  

					plant that belongs to the Zingiberaceae family. It is utilized as a spice  

					and in conventional medicine. The primary active compound in  

					turmeric is curcumin, which gives the plant its characteristic yellow  

					colour and possesses strong anti-inflammatory and antioxidant  

					properties.10 Additionally, turmeric contains essential oils,  

					carbohydrates, proteins, amino acids, flavonoids, glycosides, steroids,  

					alkaloids, and tannins.11,12 Traditionally, turmeric has been used to treat  

					The livestock industry plays a pivotal role in enhancing feed  

					nutrition, thereby optimizing production efficiency and ensuring global  

					food security. In 2020, 328 million tons of meat were produced  

					worldwide.1 This number is projected to reach 373 million tons by  

					2030, making effective nutritional strategies urgent. Animal feed  

					significantly influences the nutritional efficiency of meat production,  

					particularly through the quality and composition of feed nutrients.2  

					Optimizing feed nutrition is essential not only for improving livestock  

					productivity but also for mitigating the environmental impact of the  

					livestock sector, which contributes approximately 12% of total global  

					anthropogenic greenhouse gas emissions.3 Therefore, efficient feed  

					management is key to increasing production efficiency while reducing  

					environmental impact.  
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					various health conditions, including indigestion, inflammation, and  

					Materials and Methods  

					Tools and Materials  

					burns.13  

					Aromatic ginger (Kaempferia galanga), another rhizome plant from the  

					Zingiberaceae family, has long been utilized in traditional Asia  

					medicine. Its bioactive compounds, particularly ethyl p-  

					methoxycinnamate and ethyl-cinnamate, exhibit anti-inflammatory,  

					antioxidant, antimicrobial, and immunomodulatory properties.14,15  

					Previous studies have demonstrated that aromatic ginger extract  

					improves growth and health performance in broiler chickens.16  

					However, its potential as a feed supplement for ruminants, particularly  

					in wafer form, remains underexplored. Further research is required to  

					assess its impact on various ruminant body systems.  

					Curcuma (Curcuma xanthorrhiza), another member of the  

					Zingiberaceae family, is abundant in tropical regions and contains  

					beneficial secondary metabolites such as starch, curcumin, and  

					essential oils, which include compounds like tricyclene, borneol, and  

					xanthorrhizol.17,18 Curcuma has been traditionally used to treat  

					digestive disorders, jaundice, leucorrhea, and cardiovascular diseases  

					while also serving as an immune booster.19 It is commonly processed  

					into herbal medicine, supplements, and traditional remedies.  

					Conversely, a multitude of proteins have been demonstrated to enhance  

					the functioning of the physiological systems in ruminants. Angiotensin-  

					Converting Enzyme (ACE) is associated with blood pressure regulation  

					and vascular function,20 which are crucial for nutrient transport and  

					metabolic efficiency in livestock. Cathepsin L is involved in protein  

					degradation and immune response, contributing to optimal digestion  

					and pathogen defense.21 Cyclooxygenase-1 (COX-1) and  

					Cyclooxygenase-2 (COX-2) are key elements in inflammatory  

					pathways,22 making them relevant targets for evaluating the anti-  

					inflammatory potential of bioactive compounds. Ephrin type A  

					The instruments utilized in this investigation encompass a laptop (HP  

					AMD Athlon Gold 3150U Processor with Radeon Graphics, 2.40 GHz,  

					4.00 GB RAM) for the execution of computational analyses. The  

					software utilized includes: The National Center for Biotechnology  

					Information (NCBI) offers two resources for retrieving ligands:  

					PubChem (https://pubchem.ncbi.nlm.nih.gov/) and the RCSB PDB  

					(Research Collaboratory for Structural Bioinformatics Protein Data  

					Bank) (https://www.rcsb.org/).28,29 Protein retrieval using PyRx v0.9.8  

					for molecular docking, AutoDockTools v1.5.7 for protein and ligand  

					preparation, PyMOL v2.5 for molecular visualization, and Discovery  

					Studio v2021 for interaction analysis.  

					The materials used include 3D structures of bioactive compounds from  

					Curcuma (Curcuma xanthorrhiza), Aromatic ginger (Kaempferia  

					12,15,18  

					galanga), and Turmeric (Curcuma longa)  

					obtained from  

					PubChem database. The target proteins used in this study were  

					downloaded from the RCSB PDB database. The selected proteins and  

					their respective PDB IDs are: Estrogen Receptor Alpha (1ERE), Testis-  

					Specific Androgen-Binding Protein (1LHO), Tyrosine-Protein Kinase  

					JAK1 (6GGH), Tyrosine-Protein Kinase JAK2 (6VGL),  

					Cyclooxygenase-1 (COX-1) (6Y3C), Cyclooxygenase-2 (COX-2)  

					(5F19), Ephrin Type-A Receptor 2 (7K7J), Angiotensin-Converting  

					Enzyme (ACE) (PO86), Insulin-Like Growth Factor I Receptor (1ZT3),  

					Glucagon Receptor (7LCJ), and Cathepsin L (3H8B).  

					Bioactive compound preparation  

					The active constituents of empon-empon were optimized using PyRx  

					software to enhance ligand flexibility and achieve the lowest possible  

					binding energy upon interaction with the target protein. Target  

					prediction analyze the interaction between chemical compounds and  

					macromolecules in the body. Target prediction was performed using the  

					SwissTargetPrediction website (http://www.swisstargetprediction.ch/).  

					In addition, Lipinski's Rule of Five (RO5) analysis was also performed  

					to predict whether the compound has chemical and physical properties  

					that allow oral administration, using SwissADME.30,31,32  

					Receptor  

					2

					is linked to cellular communication and tissue  

					development,23 which may impact overall growth and health. Glucagon  

					Receptor and Insulin are essential regulators of glucose metabolism and  

					energy balance in ruminants, affecting weight gain and feed  

					efficiency.24 Tyrosine Protein Kinase JAK1 and JAK2 are key  

					mediators in immune signaling pathways, making them relevant to  

					evaluating immunomodulatory effects.25 Testis-Specific Androgen-  

					Binding Protein is crucial for reproductive health, influencing fertility  

					and breeding performance.26,27 Estrogen Receptor Alpha plays a role in  

					reproductive and metabolic functions, influencing hormone balance  

					and development.28  

					Target protein preparation  

					Following a thorough analysis and selection of the most suitable  

					receptor for the intended activity, the target proteins were obtained from  

					the RCSB PDB (https://www.rcsb.org/). The target proteins that were  

					obtained were subsequently sterilized using AutoDock software in  

					order to disassociate the protein structure from the native ligand and  

					other undesirable molecules.33  

					This study employs the molecular docking method to analyze the  

					interaction between bioactive compounds from turmeric, aromatic  

					ginger, and curcuma with specific target proteins that play vital roles in  

					various ruminant body systems. Molecular docking is a widely used  

					structure-based in silico method in drug discovery. This approach  

					predicts molecular interactions, resembling a lock-and-key mechanism,  

					by simulating how bioactive compounds bind to specific proteins.29 It  

					allows the identification of new compounds with therapeutic potential  

					by evaluating ligand-target interaction at the molecular level. Molecular  

					docking provides insights into the molecular recognition process and  

					structure-activity relationship (SAR) without requiring knowledge of  

					other target modulators’ chemical structure.30 The selected target  

					proteins are those associated with digestion, metabolism, immune  

					function, and overall health, ensuring that the proposed feed  

					formulation has a scientifically supported basis.  

					The novelty of this research lies in its application of molecular docking  

					to evaluate the potential of empon-empon-based feed wafers in  

					improving ruminant health through targeted protein interactions.  

					Unlike previous studies that primarily focused on poultry, this study  

					aims to provide a comprehensive understanding of how turmeric,  

					aromatic ginger, and curcuma interact with key proteins in ruminants.  

					By integrating natural bioactive compounds into feed wafers, this study  

					aims to contribute to improved food production efficiency, reduced  

					environmental impact, and the development of safer and more effective  

					animal feed.  

					Molecular docking and visualization  

					Molecular docking used PyRx software to determine the interaction  

					between the active compounds of empon-empon with the target  

					proteins. The results of this in silico study were presented in form of  

					binding affinity. Binding affinity is defined as the magnitude of the  

					ligand's capacity to bind to the receptor in kilocalories per mole. As the  

					binding affinity value decreases, the degree of affinity between the  

					receptor and ligand increases.34,35 PyMOL and Discovery Studio v2021  

					were used to determine the type of bond between empon-empon  

					compounds and target proteins. Bonds that can be formed include  

					hydrogen bonds, hydrophobic bonds, and electrostatic bonds. The  

					strength of bonds formed between the compounds and target proteins is  

					directly related to the diversity of said bonds and the ensuing cellular  

					activities.36  

					Results and Discussion  

					Drug-likeness prediction from compound of empon-empon  

					In the field of pharmaceutical sciences, not all chemical compounds are  

					suitable for development as drugs. Therefore, it is essential to evaluate  

					their physicochemical characteristics for drug-likeness, often guided by  

					Lipinski's Rule of Five (RO5). This rule serves to assess whether a  

					ligand exhibits hydrophilic or hydrophobic properties, which in turn  

					affects its capacity to traverse cell membranes via passive diffusion can  

					be seen in Table 1.  
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					Table 1: Predicted druglikeness of compound of empon-empon based on Lipinski's rule of five  

					HBA  

					(<10)  

					HBD  

					(<5)  

					LogP  

					(<5)  

					Ligand  

					Mass (<500) g/mol  

					Molar refractivity (40-130)  

					Curdione  

					236.35  

					2

					2

					5

					2

					7

					2

					1

					6

					1

					2

					3

					1

					5

					4

					3

					2

					1

					3

					6

					6

					5

					3

					2

					2

					1

					0

					0

					2

					0

					2

					1

					0

					2

					1

					1

					2

					0

					3

					2

					3

					0

					1

					1

					5

					2

					3

					0

					0

					0

					0

					2.81  

					2.79  

					2.78  

					2.71  

					3.33  

					2.56  

					3.24  

					2.87  

					2.87  

					2.56  

					2.36  

					3.12  

					2.90  

					1.75  

					0.94  

					3.02  

					3.32  

					2.59  

					2.87  

					3.27  

					1.75  

					2.64  

					2.90  

					1.83  

					2.21  

					72.03  

					Curcuminone  

					234.33  

					338.35  

					234.33  

					384.38  

					234.33  

					218.33  

					370.40  

					218.33  

					234.33  

					252.35  

					216.32  

					340.37  

					308.33  

					204.23  

					236.35  

					218.33  

					246.30  

					370.40  

					368.38  

					272.25  

					248.32  

					228.29  

					164.20  

					150.22  

					69.66  

					96.31  

					71.56  

					103.39  

					70.44  

					70.88  

					102.48  

					70.71  

					70.44  

					72.12  

					69.75  

					96.89  

					89.82  

					57.36  

					70.84  

					71.57  

					68.89  

					102.48  

					102.82  

					71.57  

					68.63  

					68.96  

					45.62  

					45.42  

					Demethoxycurcumin  

					Dehydrocurdione  

					Calebin A  

					Isoprocurcumenol  

					a Atlantone  

					Letestuianin B  

					Bisacumol  

					Procurcumenol  

					Zedoarondiol  

					Iso-Velleral  

					Letestuianin A  

					Bisdemethoxycurcumin  

					Tryptophan  

					Curcumalactone  

					Xanthorrhizol  

					Zedoarol  

					Dihydrocurcumin  

					Curcumin  

					Naringenin  

					Curcumenolactone A  

					Gweicurculactone  

					3-Carene-2,5-dione  

					3-Caren-5-one  

					The logP value, which ranges between -0.4 and 5, indicates a  

					compound’s partition coefficient between lipophilic and aqueous  

					environments. Compounds with molecular weights greater than 500 Da  

					typically face difficulty in crossing cellular membranes. Moreover, a  

					higher logP value reflects increased hydrophobicity, which may  

					correlate with elevated toxicity due to prolonged retention in the lipid  

					bilayer and extensive systemic distribution, ultimately diminishing the  

					compound’s selectivity toward its target enzyme.  
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					Hydrogen bond donor must be below 5 and 10 for hydrogen bond  

					acceptors. Finally, molar refractivity from compounds has a value  

					between 40-130.30-32  

					compounds.34 The molecular docking process produces data from  

					binding affinity (BA). Binding affinity refers to the measurement of a  

					ligand's capacity to interact with its corresponding receptor, expressed  

					in units of kcal/mol. A lower binding affinity value indicates a stronger  

					interaction between the ligand and the receptor, signifying higher  

					binding strength or affinity.35 The binding affinity values obtained from  

					the docking process between the ligands and target receptors can be  

					seen in Table 2.  

					Molecular docking simulation  

					Molecular docking is used to identify new drug candidates, optimize  

					existing compounds, understand the interaction of drug candidate  

					compounds with receptors, propose structural hypotheses about how  

					ligands inhibit their targets, and perform virtual screening of  

					Table 2: Results of molecular docking simulation between empon-empon compounds and target proteins  

					Target Receptor  

					Compound  

					Herb  

					BA (kcal/mol)  

					Curdione  

					Turmeric  

					Turmeric  

					Curcuma  

					Turmeric  

					Curcuma  

					Turmeric  

					Turmeric  

					Curcuma  

					Turmeric  

					Turmeric  

					Curcuma  

					Turmeric  

					Curcuma  

					Turmeric  

					Turmeric  

					Curcuma  

					Curcuma  

					Turmeric  

					Turmeric  

					Curcuma  

					Turmeric  

					Curcuma  

					Curcuma  

					-7.4  

					-7.4  

					-7.1  

					-9.2  

					-9.1  

					-8.2  

					-6.9  

					Angiotensin Converting Enzyme  

					Curcuminone  

					Iso-Velleral  

					Bis Demethoxycurcumin  

					Letestuianin A  

					Cathepsin L  

					Demethoxycurcumin  

					Dehydrocurdione  

					Bisdemethoxycurcumin  

					-7.4  

					Cyclooxygenase-1  

					Demethoxycurcumin  

					Letestuianin A  

					Calebin A  

					-7.4  

					-7.4  

					-7.3  

					-9.0  

					-8.6  

					-8.4  

					-8.3  

					-7.6  

					-6.0  

					-5.6  

					-4.7  

					-4.6  

					-4.6  

					-10.0  

					Zedoarol  

					Isoprocurcumenol  

					a Atlantone  

					Cyclooxygenase-2  

					Curcumalactone  

					Xanthorrhizol  

					Demethoxycurcumin  

					Calebin A  

					Ephrin type A Receptor 2  

					Tryptophan  

					Letestuianin B  

					Dihydrocurcumin  

					Dihydrocurcumin  

					Letestuianin A  

					Curcumin  

					Curcuma  

					Curcuma  

					Turmeric  

					Turmeric  

					Curcuma  

					Curcuma  

					Curcuma  

					Curcuma  

					Turmeric  

					Turmeric  

					Turmeric  

					Curcuma  

					-9.9  

					-9.7  

					-8.8  

					-6.0  

					-5.7  

					-5.3  

					-8.1  

					-7.9  

					-7.9  

					-7.9  

					-7.5  

					-8.0  

					Glucagon Receptor  

					Bisacumol  

					Quercetine  

					Insulin  

					Naringenin  

					Xanthorrhizol  

					Curcumenolactone A  

					Gweicurculactone  

					Procurcumenol  

					Isoprocurcumenol  

					Zedoarondiol  

					Zedoarol  

					Tyrosine protein kinase JAK1  

					Tyrosine protein kinase JAK2  
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					Target Receptor  

					Compound  

					Herb  

					BA (kcal/mol)  

					Curcumenolactone A  

					Isoprocurcumenol  

					Gweicurculactone  

					Procurcumenol  

					Curcuma  

					Turmeric  

					Curcuma  

					Turmeric  

					Curcuma  

					Turmeric  

					Turmeric  

					Aromatic ginger  

					Curcuma  

					Curcuma  

					Curcuma  

					Curcuma  

					Turmeric  

					-7.9  

					-7.8  

					-7.5  

					-7.5  

					-10.0  

					-8.6  

					-7.7  

					-7.2  

					-8.4  

					-2  

					Naringenin  

					Zedoarondiol  

					Testis Specific Androgen Binding  

					Protein  

					a Atlantone  

					3-Carene-2,5-dione  

					Curcumenolactone A  

					Naringenin  

					Estrogen receptor alpha  

					Xanthorrhizol  

					-7.4  

					-7.3  

					-7.1  

					Bisdemethoxycurcumin  

					Bis Demethoxycurcumin  

					BA = Binding Affinity  

					Visualization and interaction  

					Visualization was conducted to observe the interactions between the  

					active compounds and target proteins as identified through molecular  

					docking analysis. This process illustrates key binding sites, including  

					hydrogen bonding, hydrophobic contacts, and electrostatic interactions  

					within the protein's active region.36 Docking simulations are utilized to  

					estimate both the binding affinity and orientation of active compounds,  

					offering valuable insights into their potential molecular mechanisms  

					and effectiveness in modulating target protein activity. The interaction  

					is carried out to understand the structure-activity relationship and guide  

					further drug design and optimization efforts.  

					Figure 2: Visualization of Cathepsin L Docking Results with  

					compounds Dehydrocordione (A), Demethoxycurcumin (B),  

					Bis demethoxycurcumin (C), Letestuianin (D)  

					Empon-empon is a traditional medicine consisting of Turmeric  

					(Curcuma longa), Aromatic ginger (Kaempferia galanga), and  

					Curcuma (Curcuma xanthorrhiza). Molecular docking was applied to  

					assess the potential of ginger-based feed wafers in enhancing the health  

					of ruminant livestock through specific interactions with target proteins.  

					A total of eleven selected proteins are involved in supporting various  

					physiological functions that contribute to improved performance in  

					ruminants. Among these, the angiotensin-converting enzyme (ACE) is  

					known for its role in regulating blood pressure and maintaining vascular  

					homeostasis.20 The presence of a compound that acts as a ligand that can  

					interact with ACE (Figure 1) is expected to function as an inhibitor and  

					prevents cardiovascular diseases such as hypertension in ruminant  

					animals.40 Curdione and Curcuminone, which are compounds from  

					turmeric, have a binding affinity value of -7.4 kcal/mol with several  

					hydrogen and alkyl bonds formed.  

					Figure 1: Visualization of Angiotensin Converting Enzyme  

					Docking Results with compounds curdione (A), Curcuminone  

					(B), Iso-Velleral (C), Propanal (D)  
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					Figure 3: Visualization of Cyclooxygenase 1 Docking Results  

					with Curcumin compounds Bis demethoxycurcumin (A),  

					Demethoxycurcumin (B), Calebin A (C)  

					Figure 5: Visualization of Docking Results of Ephrin type A  

					Receptor 2 with compounds Dihydrocurcumin (A),  

					Demethoxycurcumin (B), Letestuianin (C), Celebin A (D)  

					Figure 6: Visualization of Docking Results of Glucagon  

					Receptor with Compounds Dihydrocurcumin (A), Letestuianin  

					A (B), Curcumin (C), Bisacumol (D)  

					Figure 4: Visualization of Cyclooxygenase 2 Docking Results  

					with compounds Zedoarol (A), Xanthorrhizol (B), a Atlantone  

					(C), Curcumalactone (D), Isoprocurcumenol (E)  

					Cathepsin L (Figure 2) is a cysteine protease enzyme that plays a role  

					in intracellular degradation of proteins and is involved in important  

					processes such as antigen processing, tumor cell invasion, and  

					extracellular matrix remodeling.21 Several studies have shown the  

					potential of Cathepsin L in diagnosing fasciolosis in cattle, buffalo, and  

					41  

					sheep with high sensitivity and specificity. With the binding of the  

					Bis Demethoxycurcumin compound, which has a high binding affinity  

					value of -9.2 kcal/mol and hydrogen bonds at the amino acids TYR198,  

					VAL16, and ALA214, it is expected that it can be an inhibitor of this  

					protein Cyclooxygenase-1 (COX-1) and Cyclooxygenase-2 (COX-2)  

					are enzymes involved in the synthesis of prostaglandins, which play a  

					Figure 7: Visualization of Insulin Docking Results with  

					Compounds xanthorrizol (A), naringenin (B), quercetine (C)  
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					crucial role in alleviating inflammation and pain responses within the  

					body.22,42 The compound Zedoarol, which is from turmeric, had the  

					highest binding affinity value of -9.0 kcal/mol with hydrogen,  

					hydrophobic, and alkyl bonds. It has great potential to activate signaling  

					of the enzyme cyclooxygenase (Figure 3 and 4).  

					With the compound Demethoxycurcumin, which has a binding affinity  

					value of -6.0, it is hoped that it can inhibit the function of this receptor,  

					thereby reducing the invasion and growth of cancer cells. Glucagon  

					Receptors and insulin are essential regulators of glucose metabolism  

					and energy balance in ruminants, affecting weight gain and feed  

					efficiency.24 The inhibition of glucagon receptors is crucial in the  

					treatment of type 2 diabetes, as it helps regulate blood glucose levels.  

					Similarly, the activation of insulin receptors is essential for maintaining  
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