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Abstract 
 

The rapid emergence of antimicrobial resistance has intensified the search for 

alternative therapeutic agents from medicinal plants. Azadirachta indica (neem) is 

widely recognized for its broad-spectrum biological activities; however, 

comparative evidence on aqueous and ethanolic leaf extracts against clinical 

isolates, accompanied by phytochemical profiling, remains limited. This study 

aimed to evaluate the phytochemical constituents and antibacterial potential of 

aqueous and ethanolic leaf extracts of A. indica against selected clinical bacteria. 

Mature neem leaves were collected, authenticated, air-dried, pulverized, and 

extracted using distilled water and ethanol. The extracts were concentrated 

using a rotary evaporator. Qualitative and quantitative phytochemical analyses 

were conducted using standard procedures, while antibacterial activity was 

assessed through the agar well diffusion method against Escherichia coli, Shigella 

sp., Lactobacillus sp., and Staphylococcus aureus. Zones of inhibition were 

measured, and minimum inhibitory concentrations were determined. 

Phytochemical screening revealed the presence of alkaloids, saponins, 

https://ejournal.yasin-alsys.org/AJSTM
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flavonoids, tannins, and glycosides, with glycosides being the most abundant 

constituent (22.85 ± 0.084) and flavonoids the least abundant (6.55 ± 0.087). 

At 200 mg/mL, the aqueous extract demonstrated higher antibacterial activity 

than the ethanolic extract, with inhibition zones of 27 mm against E. coli, 26 

mm against Shigella sp., 23 mm against Lactobacillus sp., and 20 mm against S. 

aureus. The minimum inhibitory concentration results indicated resistance of E. 

coli to both extracts and reduced sensitivity of Lactobacillus sp. to the ethanolic 

extract. These findings suggest that aqueous extraction may be more effective 

for harnessing the antibacterial properties of neem leaves. This study 

contributes to phytomedicine and antimicrobial research by highlighting the 

potential of A. indica leaf extract as a cost-effective plant-based antimicrobial 

agent for managing bacterial infections, particularly in resource-limited settings. 

Keywords: Azadirachta indica; Antibacterial Activity; Phytochemical 

Constituents; Clinical Isolates; Antimicrobial Resistance. 

 

 

INTRODUCTION 

Humanity is endowed by nature with a wide variety of plants, herbs, and shrubs, 

each of which has a distinct function. In Africa and other continents, thousands of plant 

species are known to provide health benefits. Since ancient times, people have used 

different parts of several medicinal plants to treat specific ailments (WHO, 2023). The 

most important dietary components for optimum health are thought to be plant-based 

foods. Antioxidants can be found in abundance in fruits and vegetables (Shirajum et al., 

2015). 

These medicinal plants according to Atanasov et al. (2021) are the major sources of 

bioactive compounds that have contributed significantly to the discovery and development 

of modern therapeutic agents. The essential roles these plant-derived phytochemicals 

played in the drug discovery are not unconnected with their diverse chemical structures and 

biological activities. Their various plant parts—including fruits, leaves, vegetables, nuts, 

oils, and whole grains—contain numerous bioactive constituents that exhibit beneficial 

metabolic and immunological effects (Atanasov et al., 2021). These compounds can help 

meet the growing human desire for healthier lifestyles and improved disease prevention 

strategies. 

Reports have shown that such phytochemicals have helped maximally at reducing 

the danger of several chronic and life-threatening diseases, including cancer, cardiovascular 
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diseases (CVD), obesity, and neurological disorders. These beneficial effects are largely 

attributed to their antioxidant properties, which enable them to detoxify free radicals and 

prevent oxidative cellular damage (Shirajum et al., 2015). As highlighted by Shrinet et al. 

(2021), plant-derived bioactive compounds such as flavonoids, alkaloids, tannins, saponins, 

and phenolic compounds possess significant pharmacological activities that support their 

application in disease prevention and management. 

Medicinal plants have long been recognized as valuable sources of therapeutic 

agents and continue to play a significant role in primary healthcare across the world. 

According to the WHO, (2023), nearly 80% of the global population depends on plant-

based remedies for their basic healthcare needs. Extracts obtained from these plants have 

demonstrated a wide spectrum of biological activities, including antibacterial, antifungal, 

and antiviral properties (Agbo et al., 2025; Kebede et al., 2021). These properties are largely 

attributed to the presence of bioactive phytochemicals that exert diverse pharmacological 

effects and contribute to disease prevention and management. 

However, the rapid and continuous emergence of multidrug-resistant pathogens 

resulting from the indiscriminate use and misuse of antibiotics in the treatment of 

infectious diseases has become a major global clinical concern (Tsaku et al., 2017). 

Antimicrobial resistance has significantly reduced the effectiveness of many conventional 

antibiotics, thereby complicating the treatment of infectious diseases and increasing 

morbidity and mortality rates worldwide. In response to this challenge, researchers have 

intensified efforts toward the screening and evaluation of medicinal plants as potential 

sources of new antimicrobial agents. Such investigations have generated increasing 

scientific interest and global acceptance of plant-based therapeutic alternatives (Abdallah et 

al., 2023). 

Available records indicated that more than 20,000 plant species possess medicinal 

properties and have been traditionally used for the treatment of various ailments (Kunle 

and Egharevba, 2013). Among these are plants such as neem, guava, and lemon, which are 

widely recognized for their therapeutic benefits. These plants have attracted considerable 

research attention because of their availability, cost-effectiveness, specificity of action, low 

toxicity, and minimal residual effects. 

One such medicinal plant that has attracted considerable scientific interest is 

Azadirachta indica, commonly known as neem. Neem leaves are rich in several bioactive 



Agbo Anthony Ogbonnia, Mbah-Omeje Kelechi Nkechinyere, Eze Vincent C. 

Volume 3, Issue 2, 2026 115 

phytochemicals that exhibit antimicrobial, anti-inflammatory, antioxidant, and 

immunomodulatory properties. These characteristics make neem a promising natural 

resource for the development of alternative antimicrobial agents, particularly in the face of 

increasing antibiotic resistance among clinical pathogens. In Nigeria, neem is popularly 

referred to as “Dogonyaro” and has been widely used in traditional medicine for the 

treatment of various ailments including malaria, diabetes, eczema, and cardiovascular 

disorders. Beyond its medicinal applications, neem has also been utilized in the production 

of toothbrushes, lubricants, insect repellents, and pesticides (Virshette et al., 2020). 

Scientific investigations have revealed that different parts of the neem plant—

including the leaves, stem, bark, and roots—contain numerous bioactive compounds with 

antibacterial, antifungal, and antiviral properties (Khanal, 2021). The pharmacological 

activities of neem have been attributed to a wide range of phytochemicals such as alkaloids, 

flavonoids, triterpenoids, phenolic compounds, carotenoids, steroids, and ketones. These 

compounds are associated with diverse biological activities including anti-inflammatory, 

anti-mutagenic, anti-carcinogenic, antioxidant, antihyperglycemic, anti-ulcer, and anti-

diabetic effects (Khanal, 2021). Among the most notable active constituents of neem is 

azadirachtin, a complex compound consisting of several isomeric molecules identified as 

azadirachtin A–G, with azadirachtin E reported to exhibit greater biological effectiveness 

(Zillich et al., 2015). Other biologically active constituents include salannin, meliantriol, 

volatile oils, and nimbin (Khanal, 2021). 

Historically, neem has been utilized to address a wide range of global agricultural, 

environmental, and health challenges due to its versatile biological properties (Santhosh 

and Navartnam, 2013). Neem oil, for instance, has been employed in the treatment of 

certain diseases such as diabetes and tuberculosis, while also serving industrial and 

agricultural purposes as a lubricant, pesticide, and medicinal preparation (Virshette et al., 

2020). These multifunctional applications further highlight the therapeutic and economic 

importance of the plant. 

Although antibiotics remain the primary agents used in the treatment of bacterial 

infections, their misuse for both preventive and therapeutic purposes has contributed 

significantly to the emergence of antibiotic-resistant bacteria (Banerjee et al., 2013). The 

WHO has recognized antimicrobial resistance as a major global health security threat 

requiring coordinated action across healthcare systems, governments, and society (Mehta 



Agbo Anthony Ogbonnia, Mbah-Omeje Kelechi Nkechinyere, Eze Vincent C. 

 African Journal of Sciences and Traditional Medicine 116 

and Diwakar, 2021). Consequently, there is an increasing need to explore alternative 

antimicrobial agents, particularly those derived from medicinal plants. These may serve as 

complementary or alternative therapeutic options in the management of resistant 

infections. Herbal preparations derived from crude plant extracts contain multiple bioactive 

compounds, making it more difficult for pathogens to develop resistance compared with 

single-compound synthetic antibiotics (Mehta et al., 2016; Radji et al., 2013). 

Several studies have investigated the antimicrobial properties of medicinal plants, 

and among the numerous species evaluated, neem has consistently been identified as a 

promising and time-tested source of antimicrobial agents (Mamman et al., 2013). The 

continued search for novel antibacterial agents from plant sources remains important due 

to their relatively low toxicity to humans and animals compared with many synthetic drugs 

(Kunle and Egharevba, 2013). Furthermore, the use of conventional antibiotics is 

sometimes associated with adverse side effects, which further justifies the exploration of 

safer natural alternatives (Alekshun and Levy, 2007). Previous studies have demonstrated 

that neem leaf extracts exhibit significant antimicrobial activity against a wide range of 

microorganisms;including Bacillus spp., E.coli, Staphylococcus spp., Pseudomonas spp., Clostridium

 spp., Shigella spp., and Salmonella spp. (Mamman et al., 2013). 

Despite the numerous studies conducted on neem and its antimicrobial properties, 

certain gaps remain regarding the phytochemical composition and antibacterial efficacy of 

its extracts against specific clinical bacterial isolates. Therefore, in light of these 

considerations, this study was undertaken to assess the phytochemical constituents and 

evaluate the antibacterial activity of aqueous and ethanolic extracts of neem leaves against 

selected clinical bacterial isolates. 

 

MATERIALS AND METHODS 

Collection and identification of the plant samples 

Fresh and healthy leaves of A. indica were collected from Carmelite farm in Enugu 

State, Nigeria. This sample was identified and authenticated by Prof. Garuba Omosun, 

Department of Plant Science and Biotechnology, Micheal Okpara University of 

Agriculture, Umudike, Nigeria. 
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Preparation of plant material 

The leaves were washed in potable water to remove debris and air-dried at room 

temperature for one week. The dried leaves were then coarsely pulverized with blending 

machine, and extracted using aqueous and ethanol (Soxhlet) methods.  For aqueous, five 

hundred (500) gram of the sample was weighed and soaked in water (1,000 ml) for 24 

hours and filtered. In Soxhlet method, five hundred (500) gram of the sample was weighed 

out, wrapped in filter paper and then put in the thimble of the Soxhlet apparatus 

compartment. Thereafter, the condenser was carefully and efficiently connected. An initial 

1,000 ml volume of the solvent (ethanol) were added with the aid of a funnel by passing it 

through the thimble containing the sample to the round bottom flask system of the 

Soxhlet. The inlet and outlet of the condenser were connected to a hose respectively, for 

the recycling of the cold water during the extraction. Thereafter, the heat source was 

switched on about 5cm from the flask.  Finally, the crude extracts (aqueous and ethanol) 

were concentrated at 50 oC using a rotary evaporator, and the resultant extracts were stored 

separately in sterile screw-capped bottles and kept at 4 oC in a refrigerator for further use. 

Qualitative phytochemical analysis 

Preliminary qualitative phytochemical screenings were determined using the 

standard procedures. A modified method of Ankita and Sapan (2018) was used in these 

analyses. Essentially, phytochemical screenings were carried out to identify the presence of 

secondary plant metabolites. The saponin, alkaloids, tannin, flavonoids, glycosides, phenol 

and steroid were determined following these protocols. 

Quantitative phytochemical evaluation 

Quantitative tests of these phytochemicals were done by the gravimetric method. 

The standard procedures described by Harborne (1973) with slight modifications by 

Muhammad and Abubakar (2016) were employed to quantify the phytochemical 

constituents. 

Isolation of organisms 

The bacteria organisms used include; Escherichia coli, Shigella sp, Lactobacillus sp and 

Staphylococcus aureus. These organisms were isolated from urine samples at the Microbiology 

Laboratory, Department of Science Laboratory Technology, Federal Polytechnic, Ohodo, 

Enugu State, Nigeria. 

https://www.sciencedirect.com/science/article/pii/S2772753X24001084#bib0012
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Purification of the isolates. 

The isolates were first identified, then a sterile wire loop was used to streak them 

on nutrient agar slants and incubated aerobically at 37 °C for 24 h. The colonies were 

stored on nutrient agar slants at 4 oC. 

Inoculum preparation. 

A loopful of each bacterial isolate was inoculated into 5 ml of sterile nutrient broth 

and incubated at 37 °C for 24 h. Following incubation, the turbidity of each bacterial 

suspension was standardized to match the 0.5 ml McFarland standard to ensure uniform 

inoculum density (CLSI, 2012; Kebede et al., 2021). 

Reconstitution of the concentrated extracts. 

To prepare 200 mg/ml (stock sample), weigh 8 g of the extract and dissolve in 4 ml 

of dimethyl sulfoxide (DMSO) (diluent). Test tubes (1, 2, 3, 4 and 5) were set up, and then 

2 ml of the diluent was added into each tube. Then, 2ml from the stock sample was added 

to two milliliters (2 ml) of dimethyl sulfoxide (DMSO), yielding a concentration of 100 

mg/ml. Subsequently, 50, 25 and 12.5 mg/ml were prepared following the above steps, to 

provide two-fold dilutions. 

Antibacterial assay of the plant extracts. 

The antibacterial activity of the plant extracts against the isolates was evaluated 

using the agar well diffusion technique as described by Gonelimali et al. (2018). Each of the 

four bacterial isolates already standardized to 0.5 McFarland turbidity was then inoculated 

onto Mueller-Hinton agar plates using 0.1 ml of the bacterial suspension. Wells of 6 mm 

diameter were aseptically created in the agar plates using a sterile cork borer. Different 

concentrations of the plant extracts (ranging from 200 to 12.5 mg/ml) were introduced 

into the wells in 0.1 ml volumes. The extracts were allowed to diffuse into the agar for 30 

minutes at room temperature before incubation. The plates were then incubated at 37°C 

for 24 hours. 

Following incubation, antibacterial activity was assessed by observing the clear 

zones of inhibition around each well. The diameters of these zones were measured in 

millimeters from the underside of the plates using a ruler. The antimicrobial spectrum of 

the extracts against the bacterial isolates was determined based on the size of the inhibition 

zones, in accordance with Kebede et al. (2021). 
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Determination of minimum inhibition concentration (M.I.C.) 

The minimum inhibitory concentration (MIC) of the plant extracts was determined 

using the agar well diffusion method. Serial two-fold dilutions of the extracts were prepared 

to obtain concentrations of 200, 100, 50, 25, and 12.5 mg/ml for antimicrobial 

susceptibility testing. Then, each bacterial isolate was standardized to 0.5 McFarland 

turbidity, and 0.1 ml of the suspension was inoculated onto Mueller-Hinton agar plates. 

Wells of 6 mm diameter were aseptically bored into the agar, and 0.1 ml of each extract 

concentration was introduced into the respective wells. The inoculated plates were 

incubated at 28°C for 24 hours, after which the zones of inhibition were observed. The 

MIC was defined as the lowest concentration of the extract that produced a visible 

inhibition of bacterial growth (Obodo et al., 2025) 

Statistical analysis 

The data obtained were analyzed using IBM Statistical package for service solution 

(SPSS) version 21.0. Descriptive statistical methods were applied, and differences between 

mean values were considered statistically significant at p < 0.05. All experiments were 

conducted in triplicate (n = 3), and the results were presented as mean ± standard error of 

the mean (± SEM). 

 

RESULTS 

The results of the qualitative and quantitative phytochemical compositions of the 

phytoextracts of A. indica leaves were depicted in Table 1. The qualitative screenings of the 

extracts, confirmed the presence of several pharmacologically bioactive compounds 

including alkaloids, flavonoids, tannins, glycosides, phenols, steroids, and saponins. All the 

detected bioactive compounds analyzed (mg/100g) occurred in moderate concentrations, 

while glycosides was the most abundance. 

The quantitative analysis further revealed varying concentrations of these 

constituents (mg/100 g). Glycosides were the most abundant compound with a 

concentration of 22.85 ± 0.084, followed by tannins (13.62 ± 0.012). However, steroids 

(7.04 ± 0.012) and flavonoids (6.55 ± 0.087) were present in comparatively lower amounts 

(Table 1). 
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Table 1: Results of the qualitative and quantitative (mg/100g) analysis of the phytoextracts 
of A. indica leaves. 

Parameters Qualitative  Quantitative (mg/100g) 

    

Alkaloids + +  12.35 ± 0.324 
Saponins + +  10.12 ± 0.006 
Flavonoids + +  6.55 ± 0.087 
Glycosides + + +  22.85 ± 0.084 
Tannins + +  13.62 ± 0.012 
Phenols + +  11.61 ± 0.009 
Steroids + +  7.04 ± 0.012 

Key: + + = indicates moderate; + + + = indicates high; mg/100g = milligram per 100 grams of the 
sample. Values are means of triplicate results ± SEM 

 

The antibacterial activities of the aqueous and ethanolic extracts of A. indica leaves 

against selected clinical bacterial isolates are presented in Tables 2 and 3. These 

antibacterial activities were evaluated against the four bacterial species comprising Gram-

negative organisms (Escherichia coli and Shigella sp.) and Gram-positive organisms 

(Lactobacillus sp. and Staphylococcus aureus). 

The aqueous and ethanolic extracts exhibited varying degrees of antibacterial 

activity against the tested organisms. No inhibitory effect was observed against E. coli at 

concentrations ranging from 200 to 12.5 mg/ml in both extracts, while similar observation 

was exhibited by Lactobacillus species in ethanolic extract, thus, indicating complete 

resistance by these organisms. In contrast, Shigella sp. in aqueous extract showed significant 

susceptibility, with zones of inhibition measuring 22, 11, 9, 7, and 2 mm at concentrations 

of 200, 100, 50, 25, and 12.5 mg/ml, respectively. Similarly, in aqueous extract, 

Lactobacillus sp. exhibited moderate susceptibility at higher concentrations, producing 

inhibition zones of 9 and 5 mm at 200 and 100 mg/ml, respectively. Staphylococcus 

aureus demonstrated notable susceptibility to the aqueous extract, with inhibition zones 

of 21, 19, 11, 9, and 3 mm at concentrations of 200, 100, 50, 25, and 12.5 mg/ml, 

respectively. 

Comparatively, ethanolic extract exhibited lower antibacterial activity as shown the 

available results in Tables 2 and 3. However, moderate activities were recorded 

against Shigella sp. and S. aureus. At concentrations of 200, 100, and 50 mg/ml, inhibition 

zones of 9, 6, and 2 mm were observed against Shigella sp., while 12, 8, and 3 mm inhibition 

zones were recorded against S. aureus at the same concentrations (Table 3). 
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Table 2: Antibacterial activity of aqueous extract of A. indica leaves against clinical bacteria isolates 

Bacterial Isolates  

Diameter zone of inhibition (mm) 

 

  Conc. (mg/ml)    

200 100 50 25 12.5 

E. coli 0 0 0 0 0 

Shigella sp 22 11 9 7 2 

Lactobacillus sp 9 5 0 0 0 

Staphylococcus aureus 21 19 11 9 3 

Key: mm = millimeter; mg/ml = milligram per milliliter; Conc. = Concentration; 0 = no growth 

 

Table 3: Antibacterial activity of ethanolic extract of A. indica leaves against clinical bacteria isolates 

Bacterial Isolates  

Diameter zone of inhibition (mm) 

 

  Conc. (mg/ml)    

200 100 50 25 12.5 

E. coli 0 0 0 0 0 

Shigella sp 9 6 2 0 0 

Lactobacillus sp 0 0 0 0 0 

Staphylococcus aureus 12 8 3 0 0 

Key: mm = millimeter; mg/ml = milligram per milliliter; Conc. = Concentration; 0 = no growth 

 

The minimum inhibitory concentration (MIC) values of the aqueous and ethanolic 

extracts were presented in Tables 4 and 5. The aqueous extract demonstrated strong 

antibacterial activity against Shigella sp. and S. aureus. The inhibitory activity decreased 

progressively with decreasing concentrations, and both organisms exhibited MIC values 

of 12.5 mg/ml. 

Moderate inhibition was observed against Lactobacillus sp., with MIC value of 100 

mg/ml, while E. coli remained completely resistant to the aqueous extract. The high activity 

of the aqueous extract suggests that the antibacterial compounds present in neem leaves—

such as glycosides, tannins, flavonoids, and saponins—are more readily extracted in water. 
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In contrast, the ethanolic extract showed a narrower antibacterial spectrum, 

inhibiting only Shigella sp. and S. aureus, with MIC values of 50 mg/ml. No activity was 

observed against E. coli and Lactobacillus species. 

Table 4: Minimum Inhibitory Concentration (MIC) of Aqueous Extract of A. indica Leaves 

 Concentration (mg/ml) MIC 

Isolates 200 100 50 25 12.5  
E. coli + + + + + 200 
Shigella sp - - - - - 12.5 
Lactobacillus sp - - + + + 100 
Staphylococcus aureus - - - - - 12.5 

Key: (-) = No bacterial growth; (+) = Bacterial growth 

 

Table 5: Minimum Inhibitory Concentration (MIC) of Ethanolic Extract -of A. indica Leaves 

 Concentration (mg/ml) MIC 

Isolates 200 100 50 25 12.5  
E. coli + + + + + 200 
Shigella sp - - - + + 50 
Lactobacillus sp + + + + + 200 
Staphylococcus aureus - - - + + 50 

Key: (-) = No bacterial growth; (+) = Bacterial growth 

 

DISCUSSION 

Phytochemical composition of Azadirachta indica leaves 

The phytochemical screening of leaf extracts revealed the presence of several 

important secondary metabolites that are known to contribute to the therapeutic potential 

of medicinal plants. Phytochemical investigations are commonly conducted to identify 

active chemical constituents such as glycosides, alkaloids, tannins, flavonoids, terpenoids, 

saponins, reducing sugars, and volatile oils. These bioactive compounds are widely 

associated with antimicrobial, antioxidant, and pharmacological activities in plants. 

(Basnayake and Gunatilake, 2024). The efficiency of phytochemical extraction from 

medicinal plants largely depends on the solvent used, particularly its dielectric constant and 

polarity. According to Nawaz et al. (2020), extraction yield and purity of phytochemicals 

may also be influenced by several factors including extraction time, temperature, solvent 

concentration, and solvent polarity. These factors determine the degree to which bioactive 

compounds are dissolved and recovered from plant materials. 



Agbo Anthony Ogbonnia, Mbah-Omeje Kelechi Nkechinyere, Eze Vincent C. 

Volume 3, Issue 2, 2026 123 

The qualitative and quantitative phytochemical compositions of neem leaves as 

presented in Table 1 confirmed the presence of several pharmacologically active 

compounds including alkaloids, flavonoids, tannins, glycosides, phenols, steroids, and 

saponins. Most of the detected phytochemicals occurred in moderate concentrations, 

except the glycosides which was the most abundance. 

Similar phytochemical constituents have been reported in other medicinal plants 

such as guava (Psidium guajava) (Agbo et al., 2025; Kumar et al., 2021), and lemon grass 

(Cymbopogon citatus) (Wifek et al., 2016), and these plants were reported to have bioactive 

compounds known for their protective and therapeutic properties. These 

phytochemicals—including alkaloids, flavonoids, glycosides, and saponins—serve as 

natural defense mechanisms in plants against microbial invasion and environmental stress 

(Herrera-Calderon et al., 2017). In addition to these compounds, Amadi et al. (2017) 

reported the presence of other phytoconstituents such as carbohydrates, reducing sugars, 

triterpenoids, and oxalates in medicinal plants. 

Quantitative analysis further revealed varying concentrations of the phytochemicals 

(mg/100 g). Glycosides were the most abundant compound with a concentration of 22.85 

± 0.084 mg/100 g, followed by tannins (13.62 ± 0.012 mg/100 g). Steroids (7.04 ± 0.012 

mg/100 g) and flavonoids (6.55 ± 0.087 mg/100 g) were present in comparatively lower 

amounts as depicted in Table 1. These findings are consistent with earlier observations by 

Bamishaiye et al. (2011), who reported that the distribution and concentration of 

phytochemicals in plants vary depending on the plant species, extraction method, and 

geographical location. 

The presence of these bioactive compounds supports the medicinal relevance of 

neem leaves. Several therapeutic activities of neem—including antioxidant, anti-

inflammatory, anti-diabetic, anticancer, and antimalarial properties—have been attributed 

to its rich phytochemical composition (Khanal, 2021). 

The bitter taste of neem leaves is largely associated with the presence of tannins. 

Tannins are naturally occurring polyphenolic compounds widely recognized for their 

medicinal applications. They function as astringents capable of precipitating proteins in 

exposed tissues, thereby forming protective coverings over wounds and burns. Tannins 

have also been used as mild antiseptics for treating diarrhea, controlling minor 

hemorrhages, and managing conditions such as leucorrhoea, gonorrhea, and piles. 
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Furthermore, tannins possess anti-inflammatory, antibacterial, antiviral, anti-parasitic, anti-

ulcer, and antioxidant activities (Achikanu et al., 2022). 

The presence of flavonoids and phenolic compounds in A. indica leaves further 

suggest it’s significant antioxidant potential. These compounds are known to protect 

biological systems against free radicals and oxidative stress. Flavonoids have been reported 

to possess diverse biological activities including anti-inflammatory, antimicrobial, antiviral, 

anti-cancer, anti-aging, and vasodilatory effects. They also contribute to protection against 

allergies, ulcers, hepatotoxicity, and platelet aggregation, and may help improve cerebral 

blood circulation in patients suffering from neurodegenerative conditions such as 

Alzheimer’s disease (Achikanu et al., 2022). 

Flavonoids are hydroxylated polyphenolic compounds typically produced by plants 

in response to microbial infection. Previous studies have demonstrated that these 

compounds exhibit antimicrobial activity against a wide range of microorganisms in vitro, 

largely due to their ability to form complexes with extracellular proteins and bacterial cell 

walls (Cowan, 1999). 

Saponins detected in the neem extracts may also contribute to the medicinal 

properties of the plant. These compounds possess surface-active properties and may 

function as natural cleansing agents. Saponins are known to inhibit inflammation and have 

been reported to precipitate and coagulate red blood cells (Waziri and Saleh, 2015). Their 

inhibitory effects against Gram-positive bacteria such as Staphylococcus aureus have also been 

documented. Similar findings have been reported in leaves, where saponins were shown to 

possess beneficial cholesterol-lowering properties (Bamishaiye et al., 2011). 

Alkaloids, another important class of phytochemicals identified in this study, are 

well known for their physiological effects on humans and animals. These compounds are 

associated with numerous pharmacological activities including anticancer, antimalarial, 

analgesic, antispasmodic, bactericidal, antioxidant, and stimulant properties (Achikanu et al., 

2022). 

Antibacterial activity of aqueous and ethanolic extracts 

The antibacterial activities of the aqueous and ethanolic extracts of A. indica leaves 

against selected clinical bacterial isolates are presented in Tables 2 and 3. The antibacterial 

activity was evaluated against four bacterial species comprising Gram-negative organisms 
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(Escherichia coli and Shigella sp.) and Gram-positive organisms (Lactobacillus sp. 

and Staphylococcus aureus). 

The aqueous extract exhibited varying degrees of antibacterial activity against the 

tested organisms. The no inhibitory effect observed against E. coli at concentrations ranging 

from 200 to 12.5 mg/ml, depicting complete resistance of this organism to the aqueous 

extract. In contrast, Shigella sp. showed significant susceptibility, with zones of inhibition 

measuring 22, 11, 9, 7, and 2 mm at concentrations of 200, 100, 50, 25, and 12.5 mg/ml, 

respectively. 

Similarly, Lactobacillus sp. exhibited moderate susceptibility at higher concentrations, 

thus, producing inhibition zones of 9 mm and 5 mm at 200 mg/ml and 100 mg/ml, 

respectively, while no inhibition was observed at lower concentrations. Staphylococcus 

aureus demonstrated notable susceptibility to the aqueous extract, with inhibition zones 

of 21, 19, 11, 9, and 3 mm at concentrations of 200, 100, 50, 25, and 12.5 mg/ml, 

respectively. 

The ethanolic extract exhibited comparatively lower antibacterial activity. No 

inhibitory effects were observed against E. coli and Lactobacillus species. However, moderate 

activity was recorded against Shigella sp. and S. aureus. At concentrations of 200, 100, and 50 

mg/ml, inhibition zones of 9, 6, and 2 mm were observed against Shigella sp., while 12, 8, 

and 3 mm inhibition zones were recorded against S. aureus at the same concentrations. 

Previous studies have reported similar antibacterial activities of neem leaf extracts 

against various pathogenic microorganisms (Adewuyi et al., 2024). The differences observed 

in antibacterial activities in both extracts may be attributed to variations in the solubility of 

phytochemicals and structural differences between bacterial cell walls. Interestingly, the 

aqueous extract demonstrated stronger antibacterial activity than the ethanolic extract. 

Similar findings have been reported by Dhanami et al. (2017), who suggested that water 

extraction yielded higher concentrations of certain phytochemicals due to the high polarity 

of water and the elevated temperature often used during extraction. 

Minimum inhibitory concentration (MIC) 

The minimum inhibitory concentration (MIC) values of the aqueous and ethanolic 

extracts are presented in Tables 4 and 5. 
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The aqueous extract demonstrated strong antibacterial activity against Shigella sp. 

and S. aureus. The inhibitory activity decreased progressively with decreasing 

concentrations, and both organisms exhibited MIC values of 12.5 mg/ml. 

Moderate inhibition was observed against Lactobacillus sp., while E. coli remained 

completely resistant to the aqueous extract. The high activity of the aqueous extract 

suggests that the antibacterial compounds present in neem leaves—such as glycosides, 

tannins, flavonoids, and saponins—are more readily extracted in water. 

In contrast, the ethanolic extract showed a narrower antibacterial spectrum, 

inhibiting only Shigella sp. and S. aureus, with MIC values of 50 mg/ml. No activity was 

observed against E. coli and Lactobacillus species. 

The differences in antibacterial susceptibility between Gram-positive and Gram-

negative bacteria observed in this study align with previous reports indicating that Gram-

negative bacteria possess an outer lipopolysaccharide membrane that acts as a permeability 

barrier against many antimicrobial agents (Stefanello et al., 2008). In contrast, the relatively 

permeable peptidoglycan layer of Gram-positive bacteria allows easier penetration of 

antimicrobial compounds. This observation is consistent with the findings of Yildirim et al. 

(2013), who reported greater susceptibility of Gram-positive bacteria to plant extracts. 

However, it contrasts with the findings of Mickmaray (2019), while supporting the earlier 

report by Tajkarimi et al. (2010) that Gram-negative bacteria tend to exhibit greater 

resistance to plant-derived antimicrobials. 

The absence of antibacterial activity against E. coli in both extracts may be 

attributed to intrinsic resistance mechanisms such as efflux pumps or limited penetration of 

bioactive compounds through the bacterial outer membrane. These defense mechanisms 

may reduce the effectiveness of plant-derived antimicrobial compounds (Herrera-Calderon 

et al., 2017). Overall, the strong inhibitory effects observed against S. aureus and Shigella sp. 

indicate that neem leaf extracts possess promising antibacterial potential. 

 

CONCLUSION 

The findings of this study demonstrate that leaf extracts of contain diverse 

phytochemical constituents with significant antibacterial properties. The qualitative and 

quantitative analyses confirmed the presence of important bioactive compounds including 
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glycosides, tannins, flavonoids, alkaloids, phenols, steroids, and saponins, which are known 

to contribute to the medicinal value of the plant. 

Among the bacterial organisms tested, the aqueous extract exhibited stronger and 

broader antibacterial activity than the ethanolic extract. Staphylococcus aureus and Shigella sp. 

were the most susceptible organisms, showing low MIC values of 12.5 mg/ml, 

whereas Escherichia coli demonstrated complete resistance to both extracts. 

The superior activity of the aqueous extract suggests that the major antibacterial 

compounds present in neem leaves are predominantly polar and therefore more efficiently 

extracted with water. The results also indicate that Gram-positive bacteria were generally 

more susceptible to the extracts than Gram-negative bacteria, likely due to structural 

differences in their cell walls. 

Overall, these findings support the traditional medicinal use of neem leaves in the 

treatment of bacterial infections and highlight their potential as a natural source of 

antimicrobial agents. However, further investigations involving purification and 

characterization of the active compounds, as well as evaluation against a wider range of 

pathogenic microorganisms, are recommended to better understand their mechanisms of 

action and possible pharmaceutical applications. 
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