ANTIBACTERIAL PRINCIPLE AND CHEMICAL CHARACTERIZATION OF THE GLIRICIDIA SEPIUM LEAVES
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Abstract 
Aim: The present study is aimed at examine the antibacterial effect of crude extract of G. sepium to human pathogenic bacteria and its contents of its chemical composition. 
Place and Duration of the Study: The study was conducted in the Department of Science Laboratory Technology. Ekiti State University Ado Ekiti Nigeria between May and September 2023.
Methodology: The plant sample was authenticated at the Department of Plant Science and Biotechnology, Ekiti State University, Ado Ekiti, Ekiti State. Initially, the leaves were air-dried for four weeks in a cool environment, after which they were oven-dried at 61.9°C for two hours and thirty minutes. The dried leaves were then pulverized into a fine powder using an electric blender. For extract preparation, 100 grams of the powdered leaves were soaked separately in 500 ml each of distilled water, N-hexane, dichloromethane, and methanol. After soaking, the mixtures were filtered using muslin cloth to separate the liquid extract from the solid residues. Escherichia coli 70303, and Klebsiella pneumonia 700303. were obtained from the department of science laboratory technology, Nigeria. The antibacterial activity of was determined using the agar diffusion method. 
Results: Among the four extracts tested, methanol extract exhibited the strongest antibacterial activity against E. coli, followed by dichloromethane, n-hexane, and water extracts. The methanol extract maintained significant activity even at lower concentrations, with an MIC of 12.5 mg/ml and MBC of 50 mg/ml. The water extract also demonstrated moderate activity but with a higher MIC, indicating lower potency. Water extract exhibited the greatest antibacterial activity against Klebsiella pneumoniae with a 26.3 mm zone of inhibition at 100 mg/ml. MIC was observed at 25 mg/ml, and MBC at 50 µg/ml. 
Conclusion: Gliricidia sepium leaf extracts, especially those prepared with methanol, exhibit promising antibacterial activity against E. coli. Further phytochemical screening and isolation of active constituents are recommended to identify the compounds responsible for this activity.
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1.0 	Introduction
[bookmark: _Hlk151640486]In the global world, there is a constant need to ensure healthy lives and promote well-being of all citizens at all ages, the salient point in the pursuit of sustainable development goals.  The African population is two-thirds rural, and the availability of modern medicine to these proportions is virtually non-existent. The states of primitive rural economies imply a lack of adequate sums to cover the cost of chemicals such as those used in the preparation of drugs. Therefore, there arises a need to look inward and resort to the use of alternative medicinal plants, especially those that are environmental phyto-threats. Among such plants, species of the Leguminosae family, like G. sepium , have shown promise due to their diverse bioactive components [1]. Antibiotic resistance is a growing global concern, prompting the search for alternative antimicrobial agents from natural sources. Medicinal plants such as G. sepium  have long been used in ethnomedicine for their antimicrobial properties. However, scientific validation of these effects and the identification of active compounds remain necessary. The presence of bioactive compounds in these plants responsible for biocidal and pharmacologically active effects is likely to encourage the development of pharmaceutical industries capable of serving economically underprivileged populations [2]. Extracts with antimicrobial and antibacterial properties could be suitable for pharmacological industries and may also support microalgal culture growth in research [3]. The described characteristics can be optimized by refining the extraction conditions, which can increase components such as phenolic compounds or improve the yield of bioactive molecules. Factors like the solvent type and extraction method are crucial in determining the extract’s chemical profile and pharmacological potential [4]. 
In recent years, medicinal plants have attracted attention for their health benefits and potential as natural drug alternatives [5]. However, the impact of extraction methods and solvents on bioactive yield remains underexplored. The growing demand for safer and more effective alternatives to synthetic drugs has led to increased research into plants like G. sepium , known for its medicinal and ethnobotanical applications, including use in creams for wound healing and hepatitis treatment [6]. Mounting concerns about the rise in multidrug resistance (MDR) among bacteria have triggered a renewed search for novel antimicrobial agents. Consequently, medicinal plants with broad-spectrum antibacterial activity are receiving particular attention [7]. Gliricidia sepium is one such plant, exhibiting high antibacterial potency in both intact plant parts (leaves, bark, roots, seeds) and their crude extracts. Additionally, the long-term stability of its extracts—without noticeable changes in colour or odour—helps dispel myths about its toxicity [8]. This study therefore focuses on identifying bioactive constituents in G. sepium leaf extract using FTIR and GC-MS analysis, and discuss their potential antibacterial roles.
2.0 MATERIALS AND METHODOLOGY
Selection of Plant Material 
[bookmark: _Hlk145519876]Collection and identification of plant material, G. sepium A care was taken to select healthy plants and the plant parts for the study were collected fresh and air dry under shaded room at 27 for two months
2.1 Identification of Plant
[bookmark: _Hlk145519899]The study was conducted in Science Laboratory Technology laboratory.  Ekiti state university Ekiti state Nigeria under ambient temperature and humidity. Plant   was collected from within Ekiti State University Ado Ekiti, Nigeria. The plants were identified and authenticated by Mr Omotayo in the Department of Plant Science and Biotechnology Ekiti State University Ado Ekiti Ekiti State. The voucher number is UHAE 2024007
2.2 Preparation of the sample
Gliricidia sepium (Agunmaniye) was air dried in a cool room at 27 for four weeks .and pulverized in electric blender (marlex electroline) IS: 4250. It was securely kept at 25±20C until use. 
2.3 Preparation of Crude Extracts from Dried Agunmaniye Plant Materials
The fresh leaves of G. sepium (G. sepium) were collected and dried in the shade. The dried plant materials were ground into a fine powder. The powder from dry leaves was 520g; they were stored in a polythene bag until needed for use. For the preparation of extracts, 130 g of powdered leaves were soaked in 500 ml of distilled water, N-hexane, dichloromethane, and methanol, respectively. The mixtures in different containers were kept for 72 hours in a dark room containing less than 40°C. The mixtures were filtered using a mushlin cloth to separate the active component from the residue. The extract was collected in a sterilized container with a diameter of 70.40mm and allowed to dry. The weight of the extract was taken, and the percentage recovery of the plant extract was taken.
2.4 Fourier Transform Infrared Spectroscopy Analysis
Following the method of Stuart [9], the membrane was crushed into a powder of 2 to 5 mg, then mixed with a solvent, commonly potassium bromide, with a mixing ratio of 1 to 100. Then, the mixed powder is pressed into a die at a load of 10 tons to form a pellet of 13 mm. The pellet is then inserted in the FTIR chamber for analysis. It should be mentioned that potassium bromide is usually used as a reference material because it does not interfere in the infrared window from 400 to 4000 cm−1. Also, it acts as a carrier for the infrared spectrum, as represented in Table 5. Furthermore, the reference material of potassium bromide will be used to plot the transmittance axis in the FTIR graph. The data in FITR spectroscopy is given by the transmittance versus the wavelength. Zero transmittance means that the sample absorbed all the radiation, while 100% transmittance means that the sample absorbed the same amounts of radiation as the reference. The generated graph is unique for each molecule, and this can be used to identify the functional groups. [10]. FTIR spectroscopy can be very useful for determining the compatibility between the polymer and the solvent.
2.5 Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
Analysis was done using a Varian 3800/4000 gas chromatograph mass spectrometer equipped with an Agilent equipped with a capillary column DB5ms (30.0m x 0.25mm, 0.25 μm film thickness). Nitrogen with 99.9995% purity was used as the carrier gas at a constant flow rate of 1 ml/min, and an injection volume of 2μl was employed (split ratio of 10:1). The injector temperature was 250 oC, and the ion-source temperature was 280oC. The oven temperature was programmed from 110oC (Isothermal for 2 min) with an increase of 10oC/min to 200oC then 5oC/min to 280oC/min, ending with a 9 min isothermal at 280oC. Mass spectra were taken at 70 eV; a scan interval of 0.5 s and fragments from 40 to 800 dA. The total gas chromatography running time was 43 minutes. The relative percentage amount of each component was calculated by comparing its average peak area to the total area [11]. 
Quantities of the compounds are represented as relative area percentages derived from the integrator. Identification of phytochemical components was conducted using the database of the National Institute Standard and Technology MS Library (NIST 08-MS Library) and comparing the spectrum obtained through GC-MS compounds present in the samples were identified. No response factors were calculated [12]. All the samples and replicates were continuously injected as one batch in random order to distinguish technical from biological variations. Additionally, the prepared pooled samples were used as quality controls (QCs), which were injected at regular intervals throughout the analytical run to provide a set of data from which the repeatability can be assessed.
2.6 Test Microorganisms
The bacteria used in this study are clinical isolates. Those bacterial Strains are Escherichia coli 70303, and Klebsiella pneumonia 700303. The isolates were obtained from the Department of Science Laboratory Technology Ekiti State University Ado Ekiti. 
 2.7 Preparation of Culture Media
Nutrient Agar media was prepared by suspending 3g in 100ml of distilled water. The media was sterilized by autoclaving at 121°C for 15 min, allowed to cool to 50°C.and poured into sterile Petri plates of 90mm in diameter. This was done to obtain fresh culture.  Mueller Hinton Agar (MHA) media was prepared by suspending 9.5 g in 250 ml of distilled water. The media was sterilized by autoclaving at 121°C for 15 min and poured into sterile Petri plates at around 50°C. This medium was used for antibiotic diffusion sensitivity test. 
.2.8 Antimicrobial Screening 
Inoculum standardization 
The McFarland Standard was used to estimate bacterial density in most in-vitro antibacterial screening studies. This was done to ensure the standard inoculum integrity in terms of turbidity uniformity. The bacterial density (Diluted bacteria inside the sterile bottle) to be poured on the Mueller Hinton agar was compared with already prepared McFarland Standard solution (CLSI)[13]. (2020).
2.8.1 Agar Diffusion Method
Before carrying out the antimicrobial test the methanol, water, dichoromethane and n-hexane extracts of the plant sample and the standard was prepared using doubling dilution method to obtain 100mg/ml, 50mg/ml, 25mg/ml, and 12.5mg/ml [14]. The antimicrobial activity of the plant extracts was determined using agar well diffusion method. 0.5ml of the standardized portion of the microbial culture was aseptically transferred into petri dishes containing Muller Hinton Agar (MHA) for bacterial isolates Escherichia coli (E. coli 11775), Klebsiella pneumoniea (KPN 70030), left for about 20 minutes to allow the microorganisms fix on the media. Wells where extracts were to be introduced into the plates were carefully marked using sterile cork borer (6mm diameter) and small drops of extract of various concentrations (100mg/ml, 50mg/ml, 25mg/ml, and 12.5mg/ml) were added into the wells. Antibiotic disc of Gentamicin was placed in the middle of the agar to serve as control. The plates which were prepared in triplicates were incubated at 37OC and the zones of inhibition were measured after 24 hours. The presence of zones of inhibition was regarded as evidence of antimicrobial action. The zones of inhibition were measured with a ruler at right angles across the zones to find the average diameter in millimeters [14].

2.8.2 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)
Minimum inhibitory concentration (MIC) was determined for each extract showing antimicrobial activity against the test isolates using broth micro dilution method. The MIC values were taken as the lowest concentration of the extracts in the well of the test tube that showed no turbidity after incubation. Turbidity of the wells was interpreted as visible growth of organisms. The Minimum bactericidal concentration (MBC) was determined by sub-culturing from each well showing no growth. Least concentration of the extract showing no visible growth on sub-culturing was taken as MBC 

[bookmark: _Hlk188073550]3.0 RESULTS
3.1 Percentage Recovery of Plant Extracts
Dichloromethane has the highest weight extract which is 16.74g and highest percentage weight of extract which is 16.74% while Water has the lowest weight extract which is 7.2g and the lowest percentage weight of extract 7.2%

Table 1: Percentage Weight Recovery of Extract
	Solvent 
	Initial weight 
	Extract weight 
	𝑊𝐵−𝑊𝐴/𝑊𝐴𝑋100/1

	Dichloromethane
	100g
	16.74g
	16.74%

	Methanol
	100g
	28.35g
	28.35%

	N – hexane
	100g
	19.16g
	19.16%

	Water
	100g
	7.2g
	7.2%


	         IW = 	Initial weight, Ew =Weight of extract
 3.2 Zone of Inhibition 
Table 2 shows the antibacterial activity of the crude extract of the G. sepium leave extract against the E. coli at varying concentration in mg/ml. It was generally observed that the rate of activities correlates with increase in concentration i.e., the higher the concentration, the higher the activities against the test organism
TABLE 2.   The Antibacterial Activity of The Crude Extract of The G. sepium Leaves Extract (mg/ml) Against E. coli
	Conc
	Methanol 
	N- hexane 
	Dichloromethane 
	Water 
	MIC
	MBC

	100
	28.0
	23.0
	25.0
	21.0
	12.5/
21.0
	50

	50
	25.0
	21.0
	23.0
	19.0
	19.0
	

	25
	22.0
	19.0
	20.0
	16.7
	16.7
	

	12.5	
	18.0
	16.0
	18.0
	12.0
	12.0
	

	6.25
	0
	0
	0
	0
	
	



Table 3 shows the antimicrobial susceptibly test of the solvent extract of the G. sepium leaves extract against klebsiella aeruginosa at varying concentration in mg/ml. 100mg/ml of methanol solvent has the highest zone of inhibition and 12.5g/ml has the lowest zone of inhibition. 

TABLE 3: The Antibacterial Activity of The Crude Extract of The G. sepium Leaves Extract against Klebsiella pneumonia 
	Conc
	Methanol 
	N- hexane 
	Dichloromethane 
	Water 
	Gentamicin 
	MIC
	MBC

	100mg/ml
	20.0
	23.0
	24.8
	26.3
	12.5
	25
	50µ

	50mg/ml
	18.5
	20.5
	19.0
	20.5
	
	
	50µ

	25mg/ml
	16.0
	17.4
	17.5
	18.7
	
	
	50µ

	12.5g/ml
	14.5
	13.8
	14.0
	13.6
	
	
	50µ


NOTE: KPN Control (Gentamicin is 16mm) E. Coli Control (Gentamicin is 15mm)
TABLE 3: MINIMUM INHIBITORY CONCENTRATION (MG/ML) OF G. sepium LEAF EXTRACT AGAINST E. coli 11775 AND K. pneumoniae 70030 
	Conc
	Methanol 
	N- hexane 
	Dichloromethane 
	Water 
	Gentamicin 
	MIC
	MBC

	100mg/ml
	20.0
	23.0
	24.8
	26.3
	12.5
	25
	50µ

	50mg/ml
	18.5
	20.5
	19.0
	20.5
	
	
	50µ

	25mg/ml
	16.0
	17.4
	17.5
	18.7
	
	
	50µ

	12.5g/ml
	14.5
	13.8
	14.0
	13.6
	
	
	50µ

	
	
	
	
	
	
	
	




3.3 Fourier Transform Infrared Spectroscopy Analysis
Table 4 Characterized component of Fourier Transform Infrared Spectroscopy
  The FTIR spectral analysis of G. sepium leaf extract revealed characteristic peaks corresponding to hydroxyl groups (-OH), alkanes (C–H), amines (N–H), aromatic rings (C=C), and alkyl halides (C–X). These functional groups are commonly associated with biologically active compounds that contribute to antimicrobial activity through various mechanisms.
[image: ]
[image: ]
Figure 1: Infrared Spectrum of G. sepium 


3.4     Result For GC-MS Analysis for G. sepium 
Chromatography is an important analytical tool that allows for the separation of component in a gas mixture. GC-MS results revealed that 14 phytocomponents were identified G. sepium respectively. It was observed that the presence of Cyclohexane, methyl-, Toluene, Hexanal, 2H-1-Benzopyran, 3,4-dihydro-, 5,9-Undecadien-2-one, 6,10-dimethyl-, (E)-, cis,cis,cis-7,10,13-Hexadecatrienal, n-Hexadecanoic acid, Hexahydrofarnesyl acetone, Phytol, Heneicosane, Octadecanoic acid, 3,7,11,15- Tetramethyl-2-hexadecen1-ol, 8,11,14-Eicosatrienoic acid, (Z,Z,Z)-, Lup-20(29)-en-3-ol, acetate, (3β)-.
Table 5 Characterized Component of Gas Chromatography and Mass Spectrometry
	Peak
	R
	Name of Compound
	M. Formula
	M. Mass
	Peak Area (%)
	% Comp
	Mass frag m/z
	Structure

	1
	3.81
	[bookmark: _Hlk187744427]Cyclohexane, methyl-
	C7H14
	98
	4.33
	1.47
	41, 83, 98
	[image: C7H14]

	[bookmark: _Hlk187744445]2
	4.80
	[bookmark: _Hlk143655472]Toluene
	C7H8
	92
	4.49
	3.24
	51, 91, 92
	[image: C7H8]

	3
	5.50
	[bookmark: _Hlk187744534]Hexanal
	C6H12O
	100
	21.98
	20.02
	41, 44, 100
	[image: C6H12O]

	4
	8.32
	[bookmark: _Hlk187744589]2H-1-Benzopyran, 3,4-dihydro-
	C9H10O
	134
	6.63
	7.97
	51, 78, 134
	[image: C9H10O]

	5
	10.78
	[bookmark: _Hlk187744628]5,9-Undecadien-2-one, 6,10-dimethyl-, (E)-
	C13H22O
	194
	7.56
	8.25
	41, 43, 194
	[image: C13H22O]

	6
	12.64
	cis,cis,cis-7,10,13-Hexadecatrienal
	C16H26O
	234
	6.80
	7.15
	41,
79, 234
	[image: ]

	7
	13.18
	n-Hexadecanoic acid
	C16H32O2
	256
	9.14
	10.27
	43, 73, 256
	[image: C16H32O2]

	8
	15.25
	[bookmark: _Hlk143654986]Hexahydrofarnesyl acetone
	C18H36O
	268
	3.37
	4.59
	41, 57, 268
	[image: C18H36O]

	9
	17.28
	Phytol
	C20H40O
	296
	7.91
	7.17
	43, 71, 296
	[image: C20H40O]

	10
	19.24
	Heneicosane
	 C21H44
	296
	4.07
	2.65
	43, 57, 296
	[image: C21H44]

	11
	20.50
	Octadecanoic acid
	 C18H36O2
	284
	16.12
	17.98
	43, 73, 284
	[image: C18H36O2]

	12
	20.82
	3,7,11,15- Tetramethyl-2-hexadecen1-ol
	C20H40O
	296
	0.72
	0.13
	41, 81, 296
	[image: C20H40O]

	13
	23.25
	8,11,14-Eicosatrienoic acid, (Z,Z,Z)-
	 C20H34O2
	306
	2.91
	3.97
	1, 79, 306
	[image: C20H34O2]

	14
	24.98
	Lup-20(29)-en-3-ol, acetate, (3β)-
	C32H52O2
	468
	3.84
	4.95
	43, 95, 468
	[image: ]


[image: ]
[image: ]
Figure 2: Gas Chromatography Spectrum of G. sepium 
DISCUSSION 	
Standard method was adopted to determine zone of inhibition to screen the extract against antibacterial activity. It was screened against a collection of four pathogenic strains of gram positive and gram-negative organism using disc diffusion method [15]. The current work indicates that the Methanol leaf extracts of G. sepium showed greater activity against the clinical bacterial pathogen viz. E. coli and Klebsiella pneumonia. It was reported in other literature that the antibacterial activity attributed to the presence of various chemical agents in the leaf extract such as essential oils, flavanoids, terpenoids among others that are categorized as active antimicrobial compounds [16]. The findings of the study reveal to some extent the use of traditional medicinal plants in the treatment of human and animal diseases and validate the idea of ethno botanical approach in the screening of plants as sources of bio active compounds [17]. Methanol extract has shown relatively high level of antibacterial activity that appears to corroborate the traditional therapeutic instances of this plant [18]. The reason of greater antimicrobial activity in methanol extract could be due to the presence of compounds in it or it could be due to the synergistic effect of the major and minor components. It is generally accepted that the activity of plant extract against the microorganism is due to the presence of the major constituents but in synergism the minor constituents also have significant contribution hence the entire extract is more active than the combination of the major constituents [19]. 
A physico-chemical method of analysis known as Fourier transform infrared spectrometry (FTIR) is applied to identify the functional groups of the bioactive components in a plant or other related materials according to the value of the peak in the area of infrared radiation [20]. The FTIR technique identifies the vibrations of bonds in the chemical functional groups and provides the result as a spectrum which may be considered like a biochemical or metabolic fingerprint of the sample. It is possible to elucidate the bond present in the compound by the interpretation of the infrared spectrum absorption [21]. This study examined the spectral of extract of G. sepium on the clinical pathogens Klebsiella pneumonia and E coli respectively. FTIR analysis of the extract exhibited the following functional groups; the OH stretching in the alcohols and phenols 3598.03 cm-1, the C-H stretch of alkanes 2850.42 cm -1, the N-H stretch of amines 1936.18 cm -1, the NO2 stretch of nitrocompounds 1864.32 cm -1, the aromatics 793.15 cm -1 and the aliphatic amines 631.47. This was comparable to that of Kareru et al. [22] finding that reported the Globimetula braunii spectral of 1030.83 cm-1 (aliphatic amines) and 608.52 cm-1 (alkyl halides) of the functional groups of ethyl acetate of the leaf extract. He thought that when alternative solvent was employed various peak feature were recorded in their spectrum but all directing to the same constituent of the Globimetula braunii. Variabilities in the spectrums were caused by the capability of each solvent to extract either of the bioactive component that was found in the plant [22].
The high activity observed in the antibacterial activity of the extract of any medicinal plant has been attributed to the presence of O group in the extract. C vibration was attributed to the strong absorption peak that occurred at 1936.18 cm-1 2850.88 cm-1 [23]. This was a result of the presence of alkanes and alkenes in this region that resulted to such vibration.  Absorptions occurring between 2800-3000 cm -1 were attributed to the C stretching vibrations mostly produced by lipids. Other bands belong to C-O at 1735.99 cm-1, 1261.49 cm-1, 1101.39 cm-1 which may be because of the presence of Esters, ketones, saturated aliphatic and Aldehydes [24]. The absorption 1101.39 cm -1 indicated the confirmation of flavonoid in C-O Stretching. The presence of saponins type of compounds of methanolic extract of G. sepium is verified by the presence of C=O stretch at the 1734.01 cm -1.  Arguably, this is the first report to be made on direct identification of saponins present in medicinal plants by use of FTIR spectroscopy when in characteristic peaks was observed at -OH, -C=O, C-H and C=C stretches of the oleanone triterpenoid and character glycoside linkages of C-O-C absorptions of the saponins were noted.
All these organic compounds make great significance on the antibacterial activity of the leaves of G. sepium.  The intermediary band 2220-2260 cm 1 does not exist and this shows that there are no cyanide groups in the whole three solvents fraction and this means that G. sepium does not harbor any kind of toxic compounds. Sharma et al. [26] disclosed characters of functional groups such as carboxylic acids, alcohols, aldehydes, amines, amides, Sulphur derivatives, organic hydrocarbons and halogens that have different medicinal qualities [27].	
The GC spectroscopic analysis of the G. sepium leaf extract has shown that it contains a number of phytochemicals having known or suspected antibacterial activity. They are Cyclohexane, methyl-; Toluene; Hexanal; 2H-1-Benzopyran; 3,4-Dihydro-5,9-Undecadien-2-one, 6,10-dimethyl-, (E)-; cis,cis,cis-7,10,13-Hexadecatrienal; n-Hexadecanoic acid, hexahydrofarnesyl acetone, phytol, heneicosane, octadecanoic acid, 3 The antibacterial activity has been identified with these compounds to have different levels of activity both on their individual basis, and on a synergistic basis, and this what justifies the traditional use of G. sepium in the treatment of infections. A volatile aldehyde is hexanal which an aldehyde that has widespread antimicrobial purposes is. The known invaders of membranes and proteins are the aldehyde because their functional groups of amino can react with them to form the Schiff bases which lead to the denaturation of proteins and cell death [27]. A benzopyran derivative chromene- 2H-1, also shows antibacterial properties due to the inhibition of major bacterial enzymes such as DNA gyrase and topoisomerase IV [28] and therefore impacts the processes of the Chromenes also have antioxidant and anti-inflammatory properties and it was synergistically effective with its antimicrobial effect [29]. 3, 4-Dihydro-5, 9-Undecadien-2-one, 6, 10-dimethyl-, (E) - is likely to be a terpenoid family compound. There is studied use of Terpenoids in the treatment of bacterial infection on the activity of bacterial membranes and its interference with energy transport [30]. It is Cis,cis,cis- 7,10,13-Hexadecatrienal a polyunsaturated aldehyde that gets coupled so much with induction of oxidative stress in microbial cells. These compounds cause lipid peroxidation, oxidation of proteins and damages of DNA hence concluding the inhibition or killing of microbes. n-Hexadecanoic acid or palmitic acid a saturated fatty acid has been shown to have antibacterial activity by going into incorporation of bacteria membrane, disruption of membrane fluidity and excretion of intracellular contents [31] [32]. Fatty acids operate in nutrition mode of entry as well as inhibiting vital bacterial enzyme systems. Although not the main actively antibacterial agents, and used more indirectly as hydrophobic hydrocarbons, toluene and Cyclohexane, methyl nevertheless are compounds which can help in delivery of active agents into bacterial cell walls by providing a solvent or enhancer. Collectively, phytochemical composition of the G.sepium leaf extract testifies its traditional medicinal use in treatment of bacterial diseases. The antimicrobial action appears to have synergistic source of effects of multiple drugs toward a broad range of cellular structures and metabolism. This is advantageous, particularly, against the background of increased resistance to traditional antibiotics. Hexahydrofarnesyl acetone is a long chain aliphatic chain ketone type of compound commonly found in the essential oils of plants. It has been described to be antimicrobial and anti-inflammatory [33]. It is lipophilic and has the ability to alter the bacterial cell membranes making it hyperpermeable, that is, it causes cell death.
The phytol is well known acyclic diterpene alcohol, which is involved in antibacterial, antioxidant and anti-inflammatory effects. It disrupts the metabolic activity and integrity of the bacteria membrane [34]. Phytol has demonstrated considerable anti-bacterial activity against Gram-positive bacteria, which may be by its effects on the lipid bilayer structure and by energy production pathways.
Heneicosane is another straight-chain alkane which has been reported on several plant extracts containing known antimicrobial properties. Whereas alkanes tend to be less reactive, in the case of heneicosane they appear to have antibacterial effects due to the blockage of microbial respiration or enhancement of other compounds with interaction with cell membranes [35]. Octadecanoic acid (stearic acid), a saturated fatty acid, is known to exhibit the antimicrobial effects. The mechanism of antibacterial action of fatty acids (e.g. stearic acid) is the destruction of phospholipid bilayer of bacterial cell membranes, leading to the leakage of cell contents [32]. These also are active in suppressing key bacterial enzyme systems. 3, 7, 11, 15-Tetramethyl-2-hexadecen-1-ol (or phytol isomer) is another bioactive long-chain alcohol with antibacterial and antifungal effect. It is a mechanism of action that acts through interaction with lipid membranes which cause changes of permeability thereby inhibiting the life cycle of bacteria [36].
Eicosatrienoic acid (Z, Z, Z) is unsaturated fatty acid which has demonstrated anticellular activity, bacteriostasic and bactericidal, especially through the ability to incorporate into bacterial membranes and catalyze the generation of oxidative stress. Bacteria signal transduction and nutrient uptake are also known to be hindered by the presence of poly unsaturated fatty acids [37]. Lupeol acetate (3 - beta), also labeled as lup-20(29)-en- 3 -ol acetate, is a pentacyclic triterpenoid. It is well-known of being a potent antimicrobial, anti-inflammatory, and antioxidant activity. The Lupeol acetate suppresses bacterial enzymes, destabilizes membrane integrity and has been reported to be successful against drug- resistant bacterial strains [38] [39]. The identified compounds, collectively, show diverse antibacterial actions, i.e., disruption of the membrane, inhibition of an enzyme, induction of oxidative stress. The mixture of these phytochemicals in G. sepium leaf extract could lend synergistic effect on antibacterial activity which could explain that the plant has long been used in the treatment of microbial infections.

4.1 CONCLUSION
[bookmark: _Hlk145583217]Medicinal plants were the potent source of human health due to the presence of bioactive compounds that are responsible for its various pharmacological activities. On the basis of the results obtained, the present work concludes that the leaves of G. sepium are rich in bioactive constituents. Most components were present in methanol extracts of leaves.  The present work highlights the possible use of G. sepium leaf extracts as a source of antibacterial agents that can be used to prevent enteric diseases. The study reveals that the results of extraction yield, phenol and flavonoid compounds and bioactivity tests varied depending upon the type of solvent being used. The leaves of G. sepium contain a considerable quantity of phenol - flavonoid compounds which were considered to be the major contributor for the antibacterial activities. Hence it can be concluded that the leaves of G. sepium would direct to the establishment of some compounds that could be used to invent new and more potent anti-microbial drugs of natural origin. Therefore, future research should be addressed on the application of using G. sepium leaves as natural remedied and to protect against infectious diseases.
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