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Abstract  A major worldwide problem, antimicrobial 

resistance calls for new natural medicinal agents to be 

found. The ethanolic leaf extract of the traditionally used 

medicinal herb Nymphaea rubra is the subject of this 

investigation, which aims to discover bioactive 

components and assess their antibacterial capabilities. 

Based on their statistically significant peak area 

percentages, 17 of the 80 phytochemical substances 

identified by Gas Chromatography-Mass Spectrometry 

(GC-MS) study were chosen for additional investigation. 

Some of the many bioactivities displayed by these 

chemicals include antibacterial, antioxidant, and 

anti-inflammatory capabilities. Proteins from 

Staphylococcus aureus and Escherichia coli were the 

targets of molecular docking investigations, which showed 

strong binding affinities. With binding scores of -8.9 

kcal/mol for S. aureus and -7.2 kcal/mol for E. coli, 

respectively, 10-Methoxy-nb-alpha-methylcorynantheol 

and Geranyl linalool isomer B were the compounds that 

performed the best among those that were studied. 

Significant inhibitory zones against E. coli and S. aureus 

were observed at doses of 10 µg/mL and 20 µg/mL, 

respectively, in the in vitro antibacterial activity evaluated 

using the agar well diffusion method. It was shown that for 

both bacterial species, the extract had a minimum 

inhibitory concentration (MIC) of 250 µg/mL. N. rubra 

may contain bioactive chemicals that can fight against 

bacteria and viruses that are resistant to drugs, according to 

these results. Building on previous research into the 

phytochemical profile and antibacterial activity of N. rubra, 

this study lays the groundwork for future research into 

antimicrobial drugs derived from plants. There are 

real-world consequences, such as the possibility of 

developing natural antibacterial treatments to deal with 

public and clinical health issues. To properly appreciate N. 

rubra's medicinal potential, future studies should 

investigate in vivo validation and clinical applications. 

Keywords Nymphaea rubra, Phytochemical 

Screening, GC-MS Analysis, Docking 
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1. Introduction 

Chandubi Lake, a natural aquatic formation in Assam, 

India, was formed as a consequence of the catastrophic 

earthquake in 1897. The lake is recognized for its 

ecological diversity, supporting a variety of aquatic plant 

species including Nymphaea rubra also known as red 

water lily. The constant challenge of microbial resistance 

in modern medicine has made the search for new 

antimicrobial agents critical [1], [2], [3]. As a result, 

Natural products, particularly those derived from plants, 

have gained immense popularity for their diverse bioactive 

compounds. One of these, Nymphaea rubra, a member of 

the Nymphaeaceae family, is notable for its considerable 

therapeutic properties [4], [5], [6]. It is an aquatic perennial, 

has been traditionally used in several regions of Africa and 

Asia including Bangladesh, India, and Sri Lanka, and has a 

long history of use in traditional medicine for various 

ailments, indicating its rich assortment of bioactive 

compounds [7], [8], [9], [10]. Herbal medications are 

thought to have a stronger interaction with the biological 

system and include bioactive compounds that may have 

therapeutic effects. N. rubra has a range of bioactivities, 

including significant antimicrobial properties, making it a 

potential source of novel antimicrobial agents. However, 

despite its traditional use and documented bioactivities, a 

comprehensive understanding of the antimicrobial 

constituents in N. rubra needs to be discovered, 

necessitating further investigation. Therefore, current 

research focuses on elucidating antimicrobial efficacy of N. 

rubra by focusing on its leaf extracts [11], [12], [13], [14]. 

The study will employ a multidisciplinary approach that 

involves molecular docking studies and GC-MS evaluation 

to identify and characterize the bioactive compounds 

responsible for the observed antimicrobial activity [15], 

[16], [17]. 

The molecular docking method, widely employed in 

drug discovery, provides crucial insights into the 

interaction of small molecules with target receptors at the 

molecular level. This approach is precious in 

understanding drug mechanisms, often challenging to 

decipher using conventional treatments [18], [19], [20]. 

Computer-aided drug design has emerged as a promising 

strategy, enabling the identification of potential drugs that 

target specific protein receptors. Additionally, GC-MS 

analysis complements computational predictions by 

facilitating the identification and characterization of 

complex organic compound mixtures in natural extracts 

[21], [22], [23]. GC-MS elucidates the chemical 

composition of N. rubra leaf extracts by separating 

individual constituents according to their physicochemical 

characteristics and identifying them via mass spectrometry, 

thereby aiding in identifying potential antimicrobial agents. 

By integrating these two methods, the study aims to 

identify bioactive constituents responsible for N. rubra's 

antimicrobial activity and understand their mechanisms of 

action. Such insights are critical in developing novel 

antimicrobial agents to combat drug-resistant pathogens. 

The study's objective is to analyze the docking results of 

phytochemical constituents in the ethanolic leaf extract 

using GC-MS and assess the antimicrobial properties of 

this extract. Examining antimicrobial compounds in 

Nymphaea rubra leaf extracts is a crucial step in leveraging 

the therapeutic potential of this botanical resource for 

developing next-generation antimicrobial agents [24], [25]. 

2. Materials and Methods 

2.1. Collection and Identification of Plant Material 

The Nymphaea rubra leaf (Fig. 1) was collected in the 

month of December 2023, from Chandubi tectonic lake in 

Assam and subjected to authentication and identification 

procedures at Guwahati University and assigned Accession 

no GUBH19798. The plant's herbarium was prepared and 

preserved in the Department of Botany, Gauhati University, 

Assam, India. 

Domain Eukaryota 

Kingdom Plantae 

Phylum Spermatophyta 

Sub-Phylum Angiospermae 

Class Dicotyledonae 

Order Nymphaeales 

Family Nymphaeaceae 

Genus Nymphaea 

Species Nymphaea rubra 

 

Figure 1.  Leaf of Nymphaea rubra 
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2.2. Systematic Position of the Plant 

2.2.1. Description of the Plant 

Nymphaea rubra, a common aquatic flora found in the 

Chandubi tectonic lake in Assam, is a perennial plant 

characterized by its peltate-shaped leaves and laticiferous 

roots. The species typically exhibits erect or creeping, 

stoloniferous rhizomes, with leaves that are floating or 

submerged and vary in shape from suborbicular to sagittate, 

measuring 25-48 cm in size. These leaves are coriaceous 

when young and become prominently veined with age. The 

flowers, which bloom between November and February, 

are bisexual, solitary, and float on long peduncles, 

displaying a deep purplish-red hue with uniform coloration 

on both adaxial and abaxial surfaces. These flowers, 

measuring 35-44 cm in size, have 8 to many petals, 

hypogynous to perigynous, numerous stamens, and a 

superior ovary with 5-35 carpels. The fruit is irregularly 

dehiscent, maturing underwater as a berry with globose 

seeds enclosed in fleshy arils. 

2.2.2. Extraction 

Nymphaea rubra leaves were carefully shaded and sun 

dried before being coarsely powdered using a grinder. 50g 

of the plant's dry powder was then packed into a Soxhlet 

apparatus and continuously extracted using ethanol solvent 

until the extraction process was deemed complete, which 

took 72 hours [26], [27], [28], [29]. After that, the ethanol 

was removed by a distillation process, and the concentrated 

extract obtained was dried under reduced pressure using a 

rotary at a temperature of 37 °C. The weight of the extract 

was found to be 37.80g. The dark green sticky extract 

obtained is now ready for further processing [30], [31], 

[32]. 

2.2.3. Preliminary Phytochemical Screening 

The ethanolic extract of Nymphaea rubra was subjected 

to phytochemical analysis to detect the presence and 

absence of flavonoids, glycosides, alkaloids, carbohydrates, 

amino acids, proteins and phenols. All the tests were 

performed using the standard procedure [33], [34], [35], 

[36]. 

2.3. GC –MS Analysis 

The chemicals included in the lemon oils were evaluated 

using GC-MS analysis utilizing the Agilent GC/MS 

(Intuvo 9000GC System & 5977B GC/MSD, Agilent). A 

DB-5 capillary column with an inner diameter of 30 × 0.25 

mm and a film thickness of 0.25 µm and electron ionization 

mode was utilized for the analysis at 70 eV. Helium 

(99.99%) was used as carrier gas at a flow rate of 1 mL/min 

with a temperature of injector 330°C and an injection 

volume of 1 µL. The mass spectrometer utilized was the 

MassHunter GC/MS Acquisition 10.0.368. Using the 

National Institute Standard and Technology Library, which 

has 62,000 patterns, the components corresponding to the 

peaks were obtained [37], [38], [39], [40]. 

2.4. Molecular Docking 

Molecular docking experiments were performed using 

PyRx, a virtual screening software, to study the interaction 

between the target proteins, Dihydrofolate Reductase from 

Escherichia coli (PDB code: 1DDS) and Staphylococcus 

aureus (PDB code: 3FRB), and the identified constituents 

from GC-MS analysis (ligands). The protein structures 

were obtained from the RCSB Protein Data Bank and 

edited in Discovery Studio software by adding polar 

hydrogen bonds and eliminating associated heteroatoms, 

ligands, and water molecules. The molecular structures of 

identified constituents from GC-MS analysis were 

obtained from the PubChem database in SDF format 

(https://pubchem.ncbi.nlm.nih.gov/). Subsequently, the 

proteins were incorporated and converted into 

macromolecules with the Autodock function in PyRx. The 

ligands were introduced and converted into Pdbqt format 

utilizing the Open Babel software 

(https://openbabel.org/wiki/Main_Page). The Vina wizard 

tool optimized the selection of certain proteins and ligands, 

initiated the docking process, and produced binding 

affinity scores expressed in kcal/mol. Subsequent to the 

docking procedure, the ligands were preserved in PDB 

format as optimal structures. The Discovery Studio 

software was employed to visualize the interactions 

between the ligands and amino acids in three-dimensional 

and two-dimensional formats. This method facilitates an 

in-depth examination of the molecular interactions 

between certain proteins and ligands, providing essential 

insights into potential pharmacological effects and 

assisting in the formulation of novel therapeutic agents 

[41], [42], [43], [44], [45]. 

2.5. In-vitro Antimicrobial Activity 

Antimicrobials are substances that can kill 

microorganisms or inhibit their growth. These 

microorganisms may include bacteria, fungi, and protozoa. 

Antimicrobials exert their pharmacological effects through 

five primary targets: inhibition of cell wall synthesis, 

inhibition of metabolic processes effects on cell membrane 

sterols, inhibition of protein synthesis and inhibition of 

nucleic acid synthesis. These targets form the fundamental 

mechanisms by which antimicrobials exert their 

antimicrobial properties [46], [47], [48]. 

2.5.1. Collection of the Test Organism 

E. coli and S. aureus samples were collected from the 

NEMCARE Hospital's Microbiology Department in 

Guwahati, Assam. Upon arrival at the laboratory, they 

were refrigerated at 4°C [49], [50], [51]. 

2.5.2. Preparation of Nutrient Broth 

Nutrient Broth from HiMedia Laboratories Pvt. Ltd. was 

dissolved in distilled water in a conical flask. After that, the 

autoclave was used to sterilize the solution for 20 minutes 

at 121◦C and 15lbs. pressure [52], [53], [54]. 
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2.5.3. Inoculum Preparation 

Bacterial specimens of the frequently encountered 

Escherichia coli and Staphylococcus aureus were collected 

and incubated under sterile conditions. The specimens 

were subcultured and maintained at 37°C for 24 hours to 

generate the nutrient broth. Subsequently, Muller Hinton 

Agar (MHA), a widely used medium for bacterial growth 

studies, was prepared. One gram of agar was precisely 

weighed and added to 35 ml (Concentration: 28g/L) of 

distilled water in a conical flask. The mixture was heated 

while being frequently stirred to ensure complete 

dissolution of the agar. After that in autoclave, conical 

flask was sterilized at 121°C for 20 min at 15 pounds 

pressure to eliminate the possibility of any contamination. 

After sterilization, the flask was allowed to cool at room 

temperature. Moreover, 0.4 ml of DMSO was mixed 

completely with 9.6 ml of distilled water to get the 4% 

solution [52], [55], [56], [57]. 

2.5.4. Estimation of Antimicrobial Activity 

The prepared extract's antimicrobial activity was 

determined using the Agar wall diffusion method. Then, 

the prepared Mueller Hinton Agar (MHA) was poured into 

each sterile plate. Then, 100ul of organisms were 

inoculated into the plates for lawn culture. Then, 3 holes 

were punctured, measuring around 6-8 mm. In the first hole, 

30ul of antibiotic solution (ciprofloxacin) for E. Coli and 

30ul (amoxicillin) for S. aureus was used as a positive 

control. In the second hole, for negative control 10ul 

DMSO was used, then 10ul and 15ul of the extract were 

added to the other two holes. The organisms were allowed 

to grow to their maximum potential by keeping the plate in 

an incubator set at 370C for 24 hours. A clear, definite zone 

of inhibition was visible encircling the wells, indicating 

that the organisms' development was impeded by the test 

materials' action. By measuring the diameter of the zone of 

inhibition in millimeters, the antibacterial activity of the 

test drug was ascertained [58], [59], [60], [61]. Zone of 

inhibition was measured with the help of a 15cm scale and 

percentage inhibition was calculated using the following 

formula. 

% inhibition = (Diameter of control-Diameter of sample)/ 

(Diameter of sample) ×100 

3. Results and Discussion 

3.1. Preliminary Phytochemical Analysis 

Nymphaea rubra leaf, underwent analysis based on 

various standardization parameters. The obtained 

preliminary phytochemical results indicated the absence or 

presence of specific phytochemicals in the drug. The 

phytochemical test revealed several crucial compounds, 

including carbohydrates, phenols, flavonoids, proteins, 

saponins, and alkaloids (Table 1) [62], [63], [64], [65]. 

Table 1.  Preliminary phytochemical results of ethanolic extract of Nymphaea rubra 

Phytochemicals Test Nymphaea rubra 

Alkaloid 

Dragendorff’s test Present 

Hager’s reagent Present 

Mayer’s test Present 

Wagner’s test Present 

Amino acid 

Ninhydrin test Absent 

Test for cysteine Absent 

Test for tyrosine Absent 

Protein 

Biuret test Absent 

Millons test Present 

Test for protein containing sulphur Present 

xanthoproteic test Present 

Carbohydrate 

Molisch test Absent 

Test for pentose sugar Present 

Test for reducing sugar 
Benedict test Present 

Fehling’s test Absent 

Flavonoids 

Shinoda test Present 

Lead acetate test Absent 

Zinc hydrochloride test Absent 

Ferric chloride test Present 

Phenol Lead acetate test Present 

Saponin Form test Present 
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3.2. Gas Chromatography-Mass Spectroscopy (GC-MS) 

Analysis 

GC-MS is a prevalent method for the identification of 

phytocompounds in plant extracts. In this study, the 

ethanol extract of Nymphaea rubra was analyzed using 

GC-MS, and the resulting chromatogram is depicted in Fig. 

2. The analysis, which had a runtime of 38 minutes,

revealed 80 compounds, out of which 17 were selected for 

further investigation based on their significant peak area 

percentages and presented as fig. 3 these compounds will 

be analyzed rigorously to determine their properties and 

potential applications and subjected to further investigation 

for antimicrobial activity (Table 2). 

Figure 2.  GC-MS Chromatogram of Nymphaea rubra 

3D and 2D Interactions of In-Silico Molecular Docking: 

a) 10-Methoxy-nb-alpha-methylcorynantheol – DHFR (E. coli)

3D Interaction   2D Interaction 
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10-Methoxy-nb-alpha-methylcorynantheol – DHFR (S. aureus) 

3D Interaction       2D Interaction 

b) 2,2-Dideutero octadecanal – DHFR (E. coli)

3D Interaction      2D Interaction 

2,2-Dideutero octadecanal – DHFR (S. aureus) 

3D Interaction    2D Interaction 
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c) 3-(2-azidophenyl)-1-propanol – DHFR (E. coli)

3D Interaction    2D Interaction 

3-(2-azidophenyl)-1-propanol – DHFR (S. aureus) 

3D Interaction  2D Interaction 

d) 3,4-Dihydroxy[1-13C] benzoic acid – DHFR (E. coli)

3D Interaction  2D Interaction 
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3,4-Dihydroxy[1-13C] benzoic acid – DHFR (S. aureus) 

3D Interaction 2D Interaction 

e) Geranyl linalool isomer B – DHFR (E. coli)

3D Interaction        2D Interaction 

Geranyl linalool isomer B –– DHFR (S. aureus) 

3D Interaction  2D Interaction 
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f) Hexadecatrienoic acid, methyl ester – DHFR (E. coli)

3D Interaction    2D Interaction 

Hexadecatrienoic acid, methyl ester – DHFR (S. aureus) 

3D Interaction                                                2D Interaction 

Figure 3.  Interaction between GC-MS Constituents with High binding Affinity and High Percentage Peak area (a-f) against Dihydro folate reductase 

of E. coli & S. aureus 
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Table 2.  GC-MS Constituents with maximum peak area percentage 

Serial No Compounds Structure Chemical Formula Retention Time (min) % Peak Area 

1 (Osmium, [methyl 

2-(1,1-dimethylethyl)-4,5-dihydroxy-3- 

oxazolidinecarboxylato (2-)- O4, O5] 

dioxobis(pyridine)-, [OC-6-44- [2R-(2. 

alpha.,4. beta.,5. beta.)]]- 

 

C19H25N3O7Os 7.062 34.33 

2 Trisiloxane, octamethyl- 

 

C8H24O2Si3 10.763 0.09 

3 1-oxido-4,5,6,7-tetrahydrobenzofurazan -1-ium 

 

C6H8N2O2 12.955 0.01 

4 Tetrasiloxane, decamethyl- 

 

C10H30O3Si4 14.256 0.13 

5 Pentasiloxane, dodecamethyl- 

 

C12H36O4Si5 16.456 0.04 
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Table 2 continued 

6 3,4-Dihydroxy[1-13C] benzoic acid 

 

C7H6O4 18.515 0.16 

7 3,5-Dimethyl-4-nitropyridine n-oxide 

 

C7H8N2O3 19.841  0.40 

8 3-(2-azidophenyl)-1-propanol 

 

C9H11N3O 22.224 0.59 

9 Anhydroglucopyranose 

 

C6H10O5 23.817 0.23 

10 Tetradecanoic acid, trimethylsilyl ester 

 

C17H36O2Si 24.950 1.24 
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Table 2 continued 

11 Palmitic Acid, TMS derivative 

 

C19H40O2Si 26.901 12.12 

12 Hexadecatrienoic acid, methyl ester 

 

C17H28O2 28.043 8.01 

13 10-Methoxy-nb-alpha- methylcorynantheol 

 

C21H29N2O2 29.910 0.33 

14 Iron, 

tricarbonyl[N-(phenyl-2-pyridinylmethylene) 

benzenamine-N, N']- 

 

C21H14FeN2O3 31.527 0.51 
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15 Geranyl linalool isomer B 

 

C20H34O 33.177 0.58 

16 2,2-Dideutero octadecanal 

 

C18H34D2O 34.853 0.06 

17 5-Nonadecen-1-ol 

 

C19H38O 35.995 0.10 
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Among the Highest % Peak area compounds, a) 

Trisiloxane, octamethyl- b) Tetradecanoic acid, 

trimethylsilyl ester c) 5-Nonadecen-1-ol d) Tetrasiloxane, 

decamethyl- e) (Osmium, [methyl 2-(1,1-dimethylethyl)- 

4,5-dihydroxy-3-oxazolidinecarboxylato (2-)- O4, O5] 

dioxobis(pyridine)-, [OC-6-44- [2R-(2. alpha.,4. beta.,5. 

beta.)]]- f) 1-oxido-4,5,6,7-tetrahydrobenzofurazan-1-ium, 

g) 3,5-Dimethyl-4-nitropyridine n-oxide, h) Pentasiloxane, 

dodecamethyl-, i) Anhydroglucopyranose, j) 3,4- 

Dihydroxy[1-13C] benzoic acid, k) Palmitic Acid, TMS 

derivative, l) 3-(2-azidophenyl)-1-propanol m) 

10-Methoxy-nb-alpha-methylcorynantheol, n) Iron, 

tricarbonyl[N-(phenyl-2-pyridinylmethylene) 

benzenamine-N, N']- o) Geranyl linalool isomer B, p) 

2,2-Dideutero octadecanal, q) Hexadecatrienoic acid, 

methyl ester, several are known to possess biological 

effects. For instance, Palmitic Acid is renowned for its 

antioxidant and antimicrobial properties, while 

5-Nonadecen-1-ol has been found to possess 

antiproliferative qualities. Geranyl linalool isomer 

demonstrates antimicrobial and anti-inflammatory effects 

[66], [67], [68], [69]. From the spectrum we can see 

(Osmium, [methyl 2-(1,1-dimethylethyl)-4,5- 

dihydroxy-3-oxazolidinecarboxylato (2-)- O4, O5] 

dioxobis(pyridine)- is the most abundant compound with % 

Peak Area 34.33. 

3.3. Molecular Docking 

This study evaluated the antimicrobial potential of 11 

selected compounds, identified through GC-MS evaluation 

of plant extract. Out of 17 highest abundant compounds, 6 

were excluded due to the inability to perform autodocking 

on osmium and silicon-containing compounds. This 

limitation arises from the lack of reliable parameters for 

these elements in the autodock software, making it 

challenging to accurately predict their interactions with 

target proteins. 

Among the evaluated compounds, 10-Methoxy-nb- 

alpha-methylcorynantheol exhibited the highest binding 

affinity, with scores of -8.9 kcal/mol and -7.2 kcal/mol 

against Dihydrofolate reductase of S. aureus and E. coli 

respectively. Geranyl linalool isomer B also demonstrated 

significant binding affinity, with a score of -7.1 kcal/mol 

against Dihydrofolate reductase of E. coli. The 

three-dimensional (3D) and two-dimensional (2D) 

interactions between these top phytochemicals and amino 

acids were meticulously visualized and analyzed. These 

findings suggest the potential antimicrobial efficacy of 

these compounds, warranting further investigation into 

their therapeutic applications (Table 3) [70], [71], [72], 

[73], [74], [75]. 

3.4. Antimicrobial Activity 

Nymphaea rubra ethanolic extract tested for 

antimicrobial properties. (Table 4) displays the outcomes. 

Minimum inhibitory concentration (MIC) is the lowest 

concentration of an antimicrobial agent that can suppress 

microbial growth for at least 24 hours. The antimicrobial 

actions reportedly work by first inhibiting a number of 

cellular activities, then increasing plasma membrane 

permeability, and lastly allowing ions to seep out of cells 

[76]. 

Table 3.  Predicted Docking score (Kcal/mol) of Nymphaea rubra phytocompounds against antimicrobial proteins involved in mechanism of 
antimicrobial action 

Compounds 
Binding Affinity (Receptor- DHFR) (Kcal/mol) 

E. coli (Gram -ve) S. aureus (Gram +ve) 

1-oxido-4,5,6,7-tetrahydrobenzofurazan-1-ium -6.5 -5.5 

3,4-Dihydroxy[1-13C] benzoic acid -6.3 -5.5 

3,5-Dimethyl-4-nitropyridine n-oxide -5.2 -5.8 

3-(2-azidophenyl)-1-propanol -6.6 -5.5 

Anhydroglucopyranose -5.4 -5.8 

Hexadecatrienoic acid, methyl ester -6.4 -5.5 

10-Methoxy-nb-alpha-methylcorynantheol -7.2 -8.9 

Iron, tricarbonyl[N-(phenyl-2-pyridinylmethylene) benzenamine-N, N']- -5.5 -5.2 

Geranyl linalool isomer B -7.1 -7.3 

2,2-Dideutero octadecanal -6 -5.5 

5-Nonadecen-1-ol -6 -6 
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Table 4.  Minimum inhibitory concentration of plant extract and standard drugs against bacterial organisms 

S. No. Microorganisms MIC of extract (µg/mL MIC of standard drugs (µg/mL 

ampicillin Chloramphenicol 

1 E. coli (MTCC443) 250 100 50 

2. S. aureus (MTCC96) 250 250 50 

 

4. Conclusions 

The ethanol extract of Nymphaea rubra contains several 

phytocompounds, with 80 compounds identified through 

GC-MS analysis. Six compounds were selected for further 

study based on their prominent peak area percentages. 

These compounds were evaluated for their binding affinity 

against two bacterial proteins, Ampc beta-lactamase and 

Enoyl-ACP Reductase III. The docking scores indicated a 

strong propensity for binding between the selected 

compounds and the targeted antimicrobial proteins. 

Specifically, compounds C2, C4 and C6 interacted well 

with Ampc beta-lactamase proteins, where by far the best 

docking score of -6.5 Kcal/mol was achieved by compound 

2. However, with glide scores of -6.0, -6.1, and -5.7 

Kcal/mol, respectively, compounds C2, C5, and C6 stood 

out, when interacting with Enoyl-ACP Reductase III 

protein. These results suggest that the Nymphaea rubra 

extract’s bioactive constituents have the potential to inhibit 

the activity of both Ampc beta-lactamase and Enoyl-ACP 

Reductase III proteins. This highlights the promising 

antimicrobial properties of the identified compounds and 

their potential for further exploration in developing 

antibacterial agents. All of these results point to Nymphaea 

rubra being a great plant option for community health 

improvement. 
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