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GC-MS and In-Silico Assessment of
Orange Peel Phyto-compounds as
Antimicrobial and Drug-Like
Agents

Abalaka ME'; Oloninefa SD?, Attah F'3, Jagaba A!

ABSTRACT

Plants are valuable sources for creating new medicines because they contain many
natural compounds that can have positive health effects due to their secondary
metabolites. This study investigates the in silico antimicrobial activity of methanol
extract of orange peels (Citrus sinensis) against strains of bacteria and fungi. Gas
Chromatography—-Mass Spectrometry (GC-MS) was employed to analyze the
methanolic extract, known for its rich bioactive constituents, with the aim of
identifying possible antimicrobial compounds. The analysis revealed eighteen
compounds. In silico experiments through molecular docking using PyRx software
showed different binding scores of the compounds with the selected proteins:
Staphylococcus aureus, Escherichia coli, and Candida albicans. Compound No. 10 had the
best docking score and favorable features compared to the control drugs
(ketoconazole, ciprofloxacin, and nalidixic acid). Additionally, this outperforming
compound demonstrated favorable ADME properties, confirming its potential as a
drug for treating infections caused by these organisms. In conclusion, methanol
extract of the orange peel possess bioactive compounds that could be used to develop

promising antimicrobial drugs.

Keywords: Orange peels, Molecular Docking, Phyto-compounds, In-silico, Ligands,

Proteins

1. INTRODUCTION

Since ancient times, humans have recognised many plants' ability to heal infections
due to their secondary metabolites (Attah et al., 2020). A recent study has shown that
these chemicals are also efficient antibacterial agents against human infections
(Umashankar, 2020). Over the last decade, there has been a lot of study on
phytochemicals and their capacity to kill bacteria, particularly resistant strains of both
Gram-negative and Gram-positive bacteria (Jubair et al., 2021). Antimicrobial
resistance is becoming a severe worldwide concern owing to bacterial and fungal
strains (Abushaheen et al., 2020). The World Health Organization predicted that
antibiotic resistance will become the primary cause of death. Obtaining a novel
therapeutic substance through these computational methods will bypass the
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resistance posed by pathogens. Plants with medicinal value had been known for treatment. These are gifts of nature with different
physiological conditions (Oligie et al., 2023).

The Citrus sinensis is one of the most widely produced fruit trees in the world, especially in African conditions (Singh et al., 2021). It
is a member of the Rutaceae family. The local names of the Citrus species in Hausa and Yoruba are "Leemun" and "Osan," respectively.
The English name is sweet orange (Oligie et al., 2023). The plant may reach a height of six meters and has large, round, glossy,
evergreen leaves with delicate wings on the petioles (Oligie et al., 2023). According to Olakunle and Titilayo (2018), categorically,
orange peel is a byproduct of fruit that possesses many bioactive compounds. The insecticidal properties of several varieties of orange
peel and seed extract have been studied against many types of insects because of their secondary metabolites (Ukoroije and Otayor,
2020). Oligie et al. (2023) reported the antimicrobial property of orange peel against E. coli and S. aureus. Candida albicans and Salmonella
typhi, which vindicate this present study.

Many compounds used to treat infectious illnesses are either naturally occurring or partly synthetically changed to boost their
efficiency, such as using natural product engineering to generate potent antibiotics. Therefore, it is critical to evaluate natural materials
for potential treatment methods against infectious diseases. Plant-derived compounds, in particular, have shown promise for treating
bacterial and fungal infections (Guevara-Lora ef al., 2020).

The initial stage in drug research is determining which illness to target (Deore et al., 2019). Scientists may concentrate on specific
enzymes or receptors that may play a role in the disease's pathogenesis by learning about its biochemical pathways or genetic
components.

Rational drug design is primarily reliant on molecular docking, a computer process made possible by tools like AutoDock Vina.
Molecular docking is used to predict the binding orientation of a small molecule (ligand) to the active site of a protein, resulting in a
stable protein-ligand complex (Bhagyashri et al., 2023). Hence, the approach is very essential in identifying antimicrobial agents (Jakhar
et al., 2020). Despite the established antibacterial properties of citrus peels, there has been little investigation into the identification and
in silico assessment of specific bioactive components in orange peel extracts for targeted medication development. As a result, the goal
of this research is to identify prospective antimicrobial medication candidates using molecular docking of phytocompounds found by

GC-MS analysis of an orange peel of methanol extract.

2. MATERIALS AND METHODS

Collection and preparation of orange peels
Orange peels were collected from orange sellers in Bosso Local Government, Minna, Niger State, and brought to the Department of
Microbiology; they were rinsed with clean water and dried for three days at room temperature. The dried orange peels were pulverized

into powder with the aid of an electric blender for extraction.

Plant materials and extraction

A 100 g amount of the powdered peels was immersed in 600 mL of methanol. The mixtures were agitated every 6 hours while being left
to stand at room temperature (28°C) for seven days. The Whatman (No.1) filter paper was used to filter the extract after being sieved
through muslin cloth (Zode and Chakole, 2020). To create a greasy mass, the extracts were concentrated by heating them to 50°C in a
water bath. Once the greasy mass was formed, it was utilized as the final material for the extractions of methanol. It was then placed

into screw-cap bottles, labeled, and kept in a refrigerator between 2 and 5°C until needed.

The Analysis of GC-MS

The analysis of orange peel of methanol extract was performed at NARICT in Zaria, Nigeria, using GC-MS (Model QP 2010 PLUS,
Shimadzu, Japan). The system includes a 30-meter-long VF-5ms fused silica capillary column with a diameter of 0.25 mm and a film
thickness of 0.25 um. The column oven temperature was set from 80°C to 280°C at 2°C/min. The sample components were ionized
using electron impact (EI) at energy of 70 eV. The temperature of the injector was set at 250°C, and one of the detectors was set to 200°C.
The carrier gas used was helium (99.9995% purity), with a set flow rate of 1.5 mL/min. The mass range of 40-1000 m/z was scanned at a
rate of 3.0 scans per second. A Hamilton syringe was used to manually inject one microliter (1.0 ul) of the extract samples into the GC-
MS for total ion chromatography (TIC) using the split injection method. The total running duration of the GC-MS is 27 minutes. The

relative proportion of each extract's contents was reported as a percentage using peak area normalization. GC-MS combines two
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analytical methods to provide a single approach for studying the combination of chemical compounds. Gas chromatography separates

the mixture's components, and mass spectroscopy examines each of them individually.

Identification of components

The National Institute of Standards and Technology (NIST) database, which has more than 62,000 patterns, was used to determine the
mass spectrum of the GC-MS. The NIST database and the Fatty Acid Methyl Esters Library version 1.0 (FAME library) were used to
interpret the mass spectrum GC-MS after the spectrum of the unknown component was compared to the spectrum of known
components kept in the NIST Library. The discovered components in the extract were matched using sources. The features of
component test materials, such as molecular weights and retention time, were determined, and the results were tabulated. The known

and unknown components' spectra were contrasted (Abdulsalami et al., 2022).

Molecular Docking of the Ligands against Proteins (microbial enzymes)
Three protein targets based on the past study were selected, namely 14-a sterol demethylase of Candida albicans, DNA gyrase of
Staphylococcus aureus, and DNA gyrase of Escherichia coli (Eakin et al., 2012; Narramore et al., 2019; VL et al., 2022; Ejidike et al., 2024).

The X-ray diffraction structures of these proteins were taken from the RCSB Protein Data Bank in PDB ID: 5FSA, 3U2D, and 6F86,
respectively, in PDB format. The ligands were the phytoconstituents of the methanol extract of the orange peels, identified through GC-
MS analysis in this study. Before the docking study, protein preparation was conducted using Discovery Studio 2021 Client, which
involved removing water molecules, unwanted residues, and other inhibitors (ligands) that were already co-crystallized with the
proteins; finally, energy minimization was performed using Swiss Viewer for protein data.

The structures of phytoconstituents (ligands) were prepared by downloading them from the PubChem database in 3D conformer as
an SDF file format. All the ligands were then converted to the Protein Data Bank (PDB) file format with 2021 Discovery Studio Client.
Three standard drugs used as controls, namely ketoconazole for fungal, ciprofloxacin for S. aureus, and nalidixic acid for E. coli, were
selected for comparison of docking scores. After the assignment of the Kollmann and Gasteiger charges to protein in the PyRx software
where it was loaded, it was converted to the PDBQT file format, followed by loading ligands. The energy of the loading was also
converted to the PDBQT file format.

Subsequently, the small molecules and protein were prepared for simulation, and a grid box appeared on the protein structure
interface to define the binding site dimensions: center x = 195.5400, center y = -2.2838, and center z = 38.7426 for 5FSA; center x = 61.710,
center y = 28.3355, and center z = 64.399 for 3U2D; and center x = 0.1821, center y = 2.6511, and center z = 24.1660. Grid dimensions were
assigned, and then Vina in the PyRx program was used to perform molecular docking. Once the procedure was completed, each of the
ligands produced nine poses and matching docking scores. Using Discovery Studio 2021 Client, the docking contacts of the ligand that
performed best compared to standard drugs were displayed in two dimensions (2D) (VL et al., 2022).

Determination of Druggability, pharmacokinetics, and toxicity

The canonical SMILES strings of the best docked bioactive compounds were pasted in the Swiss ADME web server
(www.swissadme.ch), and the pkCSM web server (https://biosig.lab.uq.edu.au/pkcsm/prediction) to evaluate its druggability,
Pharmacokinetics and toxicity. Lipinski's Ro5 was used. According to this rule, when there are more than five H-bond donors, ten H-
bond acceptors, the molecular weight is more than 500, and the computed Log P (Log P) is more than five. If any compound had two or
more Rob5 violations would have low solubility and/or poor permeability (Benet et al., 2016). The Boiled-Egg model, available on
SwissADME was used to estimating gastrointestinal (GI) absorption and brain penetration (BBB) of the best docked molecule and
control drugs. It's based on a visual representation, resembling an egg, where the yolk signifies brain penetration and the white
represents GI absorption.

3. RESULTS

Analysis of GC-MS of the methanol extract of orange peels
A total of 18 phytocompounds were identified in the GC-MS analysis of the methanol extract of orange peels. Compounds were
distinguished based on their peak number, retention time and area abundance as shown in Table 1 and the chromatogram of the GC-

MS which showed different peak corresponding to the compound per each peak was shown in Figure 1. Ethyl beta -d-riboside
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exhibited the highest relative abundance (21.65%), suggesting it is significant component of the extract followed by 9,12-

Octadecadienoyl chloride, (Z, Z)- (14.23%) and 4-Hepten-3-one, 4-methyl- (13.89%).

Table 1: GC-MS Analysis of Methanol extract of orange peels

Retention Area | Molecular Molecular
Peak | | IUPAC Name of the compounds .
time (%) formula weight
1 3.658 2-butoxyethanol 1.92 CsH1402 118
2 4.527 (2-methyl-1-nitropropan-2-yl) acetate 4.17 CeH1iNO4 161
3 6.103 4-hydroxy-2,5-dimethylfuran-3-one 1.36 CsHsOs 128
4 6.534 1-(1-methylcyclopropyl)ethanone 1.66 CsHi100 98
5 7.335 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one 5.64 CsHsO4 144
6 8.371 methyl carbamimidate;hydrochloride 4.03 C2HeN20 74
7 8.851 (E)-4-methylhept-4-en-3-one 13.89 | CsHiO 126
8 9.383 4-ethenyl-2-methoxyphenol 441 CoH1002 150
9 9.882 2-methyl-1,4-dihydroimidazol-5-one 2.36 CsHeN20 98
5 626 9,11-bis(4-hydroxyphenyl)-8-oxa-12,13,15,17-
10 ' tetrazatetracyclo[8.7.0.027.0121¢]heptadeca-1(10),2,4,6,13,15- 1.33 C24H1sN4O4 428
hexaen-4-ol
11 15.100 2-ethoxy-5-(hydroxymethyl)oxolane-3,4-diol 21.65 | C/HuOs 178
12 18.690 hexadecanoic acid 2.63 Ci6H3202 256
13 21.117 (9Z,122)-octadeca-9,12-dien-1-o0l 0.55 C1sH3:0 266
14 21.409 (Z)-octadec-9-enoic acid 10.97 | CisHsO: 282
15 22.833 1-fluorodecane 1.16 CioHaiF 160
16 24.643 undec-10-enal 2.14 CuiH200 168
17 25.250 2,3-dihydroxypropyl hexadecanoate 5.91 C19H3804 330
18 27.164 (9Z,12Z)-octadeca-9,12-dienoyl chloride 14.23 | CisHxCIO 298
intensity
19,790,525
15000000
10000000 | '
I
| |
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Figure 1: Chromatogram of GC-MS Analysis of Methanol Extract of Orange Peel.
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Molecular Docking Studies

The docking of eighteen bioactive compounds in methanol extract of orange peel, as per the GC-MS report, was done using PyRx
software. The bioactive compounds were docked against the following proteins: 14-a sterol demethylase (5FSA) of Candida albicans,
DNA gyrase (3U2D) of Staphylococcus aureus, and DNA gyrase (6F86) of Escherichia coli. Among all the bioactive compounds, compound
No. 10 showed the best docking scores compared to the rest of the seventeen. The binding affinity score of compound No. 10 was
higher than ciprofloxacin (-6.1) and nalidixic acid (-6.5) for gram-positive and gram-negative bacteria, while ketoconazole (-11.5) was
higher than compound No. 10, which was summarized in Table 2.

The controlled ligands (ketoconazole, ciprofloxacin, nalidixic acid) and the best docked ligand were represented in Figure 2. The 2d
visualization of 5FSA and ketoconazole showed 25 interactions with amino acids residues without hydrogen bond as indicated in
Figure 3 while the 2d visualization of compound No. 10 with 5FSA showed 16 interactions with amino acids residues and one
conventional hydrogen bond shown in Figure 4. The 2d visualization of 6F86 and nalidixic acid in Figure 5 showed 13 interactions with
amino acids residues without hydrogen bond while compound No. 10 in Figure 6 showed 8 interactions with amino acids, 2
conventional hydrogen bonds and one carbon hydrogen bond and lastly, the 2d visualization of 3U2D and ciprofloxacin in Figure 7
showed 12 interactions with amino acid residues, 2 conventional hydrogen bonds while compound No. 10 had 16 interactions, 1
convectional hydrogen bond and 2 pi-donor hydrogen bonds as shown in Figure 8.The interacting residues were depicted by a ball and

stick model, the ligands were represented by different colours.

Table 2: PDB ID, Organisms, Target proteins, docking score of standard drugs andphytochemicals

Protein Data Bank ID 5FSA 3U2D 6F86
Organisms C. albicans S.aureus E. coli

. 14-a Sterol DNA DNA
Target proteins

demethylase gyrase gyrase

Standard drugs and docking scores (kcal/mol)
Ketoconazole -11.5 NA NA
Ciprofloxacin NA -6.1 NA
Nalidixic acid -6.NA NA -6.5
Orange peels phyto-compounds’ docking scores (kcal/mol) PN 4o a4 w
2-butoxyethanol 1
(2-methyl-1-nitropropan-2-yl) acetate 2 -5.2 -3.9 -4.1
4-hydroxy-2,5-dimethylfuran-3-one 3 -4.9 -3.9 -4.9
1-(1-methylcyclopropyl) ethenone 4 -4.5 -3.5 -3.9
3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one 5 -5 -4.3 -5.1
methyl carbamimidate;hydrochloride 6 -3.7 -2.8 -3.4
(E)-4-methylhept-4-en-3-one 7 -5.1 -4.1 -5
4-ethenyl-2-methoxyphenol 8 -5.9 -4.3 -5.2
2-methyl-1,4-dihydroimidazol-5-one 9 -4.4 -3.6 -4.6
9,11-bis(4-hydroxyphenyl)-8-oxa-12,13,15,17-
tetrazatetraz,ydo[g.}; .0.02};.Olzflb]heptadeca—l(10),2,4,6,13,15—hexaen—4—ol 10197 8 79
2-ethoxy-5-(hydroxymethyl)oxolane-3,4-diol 11 | -53 -4.2 -4.7
hexadecanoic acid 12 | -6.3 -4.9 -4
(9Z,12Z)-octadeca-9,12-dien-1-ol 13 | -6.7 -5.2 -4.8
(Z)-octadec-9-enoic acid 14 | -6.7 -5.1 -4.3
1-fluorodecane 15 | -5 -3.9 -4.9
undec-10-enal 16 | -5.4 -4 -4.6
2,3-dihydroxypropyl hexadecanoate 17 | -6.8 -5.1 -5.1
(9Z,12Z)-octadeca-9,12-dienoyl chloride 18 | -6.4 -5.5 -4.6

Keys: NA = Not applicable, PN = Peak Number

Drug Discovery 20, e2dd3030 (2026) 5 of 12
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(a) Keteconazole (b) Ciprofloxacin (c) Nalidixic acid (d) No.10

Figure 2: The 2D of controlled drugs and the best docked compound (No. 10)
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Figure 3: The 3D and 2D visualization of docking analysis of ketoconazole molecular interaction with 5FSA
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Figure 4: The 3D and 2D visualization of docking analysis of No.
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Figure 5: The 3D and 2D visualization of docking analysis of nalidixic acid molecular interaction with 6F86
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Figure 6: The 3D and 2D visualization of docking analysis of No.10 molecular interaction with 6F86

[] venderwosks ] Pt

- Caeventoral Hydroger Sond

(a) 3U2D and ciprofloxacin 3d interaction (b) 3U2D and ciprofloxacin 2d interaction
Figure 7: The 3D and 2D visualization of docking analysis of ciprofloxacin molecular interaction with 3U2D
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Figure 8: The 3D and 2D visualization of docking analysis of No. 10 molecular interaction with 3U2D

Druggability, pharmacokinetics and toxicity
The drug-likeness of the best-docked phyto-compounds (No. 10) and the standard drugs was evaluated based on pharmacokinetics
ADMET (Absorption, Distribution, Metabolism, and Excretion and Toxicity). The above parameters are very important for drug-
destined oral administration. The parameter tests were LogP values, gastrointestinal (GI) absorption, blood-brain barrier (BBB)
permeability, hERG1 and hERG2 inhibition, hepatotoxicity, the Ames test, number of hydrogen bond acceptors, molecular weight, and
number of hydrogen bond donors.

Both the standard drugs and phytocompound No. 10 complied with Lipinski’s Rule of Five. GI absorption was high; BBB
permeability was positive only for ketoconazole. All compounds except ketoconazole showed negative results for hRERG1 and hERG2
inhibition, while ketoconazole tested positive specifically for hERG2 inhibition. Hepatotoxicity was observed only in the standard

drugs, while the Ames test returned positive results for compound number 10 and ketoconazole, as shown in Table 3.

Table 3: Drug-likeness, pharmacokinetics and toxicity of compound number 10 and the standard drugs

Parameters No 10 Ketoconazole Ciprofloxacin Nalidixic acid
Molecular weight 426.4 531.2 331.3 389.2
No of H-acceptors 2 7 5 4

No of H-donors 8 0 2 1
LogP value 3.95 4 1.6 1.4
GI absorption High High High High
BBB permeant No Yes No No
hERGlinhibitor No No No No
hERG2 inhibitor No Yes No No
Hepatoxicity No Yes Yes Yes
Ames Test Yes Yes No No

4. DISCUSSION

Plant-derived phyto-compounds have been reported as a source of novel candidates for therapeutic substances against microbial
diseases (Paul et al., 2021). Mankar et al. (2016) and Anwar et al. (2023) also reported antimicrobial activity of orange peel. This study
focuses on in silico antimicrobial activity using the molecular docking method of the identified compounds. Molecular docking is a

computer-assisted method for discovering new drugs that has grown as better technologies have been developed to find drugs made

Drug Discovery 20, e2dd3030 (2026) 8 of 12



ARTICLE | OPEN ACCESS

from phytochemicals found in different medicinal plants. Molecular docking serves as an efficient and cost-effective method for the
development and testing of pharmaceuticals. (Sharma et al., 2023)

Molecular docking scores indicated how well each compound binds to the target proteins, which is crucial for assessing their
potential as therapeutic agents. Compound No. 10 (9,11-bis(4-hydroxyphenyl)-8-oxa-12,13,15,17-tetrazatetracyclo[8.7.0.02,7.012,16]
heptadeca-1(10),2,4,6,13,15-hexaen-4-ol) exhibited the best docking scores among all tested phyto-compounds of orange peel extract as
follows: -9.5, -8.5, and -7.9 for 5FSA, 3U2D, and 6F86, respectively. These scores were significantly better than those of the standard
drugs (ciprofloxacin and nalidixic acid). Madriwala et al. (2022) reported similar docking scores for ciprofloxacin against DNA ligase
(8PN1) and ketoconazole against sterol demethylase (5FSA) with binding affinities of -8.9 and -10.2, respectively. The difference may be
a result of different grid coordinates. VL ef al. (2022) reported a -10.6 kcal/mol binding affinity for ketoconazole and 14-a Sterol
Demethylase (PDB ID: 5FSA).

A higher docking score means that the medication interacts better with its target protein, which could lead to better treatment
results, making it important for predicting how effective a drug will be compared to standard treatments (Garcia-Ortegdn et al., 2022).
According to reports of Choi and Lee (2021), using docking scores in conjunction with machine learning models can expedite the design
of new drug-like compounds with desirable features.

Molecular docking assessment using a scoring function helps to select the best-scored ligand with the protein, which increases the
chance of drug discovery (Alov et al., 2022). The most important interactions between the docked ligand and the protein, including
hydrophobic, electrostatic, and hydrogen bond interactions (Agu et al., 2023). Hydrogen-bonding (HB) interaction governs the stability
of the host-guest complex that is established (Vaidyanathan et al., 2023). The 2D interaction diagrams provide a detailed view of how
Compound No. 10 interacts with the target proteins, highlighting the specific binding sites and interactions that contribute to its high
docking scores. The ligand-protein complex visualizations help to understand the molecular basis of the compound's binding affinity.
There were no hydrogen interactions between 5FSA and the standard drug ketoconazole, or between 6F86 and the standard drug
nalidixic acid; however, compound No. 10 formed a hydrogen bond with both 5FSA and 6F86. The absence of hydrogen bonds in
ligand-protein binding sites may compromise the stability of these inhibitors. Kenny (2022) reported that hydrogen bonding stabilizes
the three-dimensional structures of therapeutic targets, including proteins and RNA.

The 2D interaction of 3U2D and the standard drug, ciprofloxacin, has 2 conventional hydrogen bonds with 12 amino acid residue
interactions, while compound No. 10 had 16 amino acid residue interactions and 3 hydrogen bonds. Compound No. 10 may be more
stable as an inhibitor of DNA gyrase in S. aureus than the control standard drug, ciprofloxacin (Zochedh et al., 2023).

The drug-like qualities of compound No. 10 and the control drugs, such as ketoconazole, ciprofloxacin, and nalidixic acid, were
evaluated by ADMET (Kumar et al., 2024; Nyamba et al., 2024; Chikowe et al., 2024; Pentu et al., 2025). All test compounds, including
phytocompound No. 10, conformed to Lipinski’s Rule of Five, indicating favorable oral bioavailability. High GI absorption was
predicted across all compounds, suggesting excellent potential for intestinal uptake. However, only ketoconazole managed to cross the
blood-brain barrier, indicating its potential to impact the central nervous system —a crucial consideration if the drug is intended to
target the CNS.

All compound tests were negative for blocking hERG1 and hERG2, except for ketoconazole, which specifically blocks hRERG2. The
prediction of hepatotoxicity indicated no harm for compound No. 10; however, all control drugs predicted positive for hepatotoxicity,
meaning that they cause liver damage. The Ames test (Thomas et al., 2024) predicted that compound No. 10 and ketoconazole were

positive for mutagenic potential, which may risk genetic damage.

5. CONCLUSION

Our study explores the computational antimicrobial potential of the bioactive compounds from orange peel extract using molecular
docking of GC-MS-identified compounds. Among the eighteen bioactive compounds, compound peak number 10 had the best docking
score to selected bacterial proteins, better than the control drugs (nalidixic acid and ciprofloxacin). The compound forms strong
interactions with hydrogen bonds, especially with DNA gyrase. The analysis of toxicity and ADME showed that the compound had
druggable qualities such as high oral absorption, lack of hepatotoxicity, and no hERG inhibition. Overall, compound No. 10 is a
promising antibacterial candidate with favorable pharmacokinetic and safety profiles. However, a positive Ames test suggests possible
mutagenicity, requiring further investigation. Therefore, methanol extract of orange peels contains a bioactive compound that could be

used to formulate a powerful antimicrobial drug.
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