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Abstract 

Azadirachta indica A. Juss (Meliaceae), a family of Mahogany trees, is native to the Indian subcontinent. 

A. indica, known as neem, has been used in traditional medicine for centuries due to its various medicinal 

properties, including antibacterial activity. This study analysed the phytochemical composition and 

antibacterial activities of A. indica against Enterococcus faecalis (E. faecalis). This study was conducted 

between August 2023 and October 2023. Extraction of the active ingredients from A. indica leaves was 

done using the aqueous and ethanolic solvents. Various concentrations of both extracts of A. indica were 

tested for antibacterial activity against E. faecalis using the disc diffusion method and sensitivity was 

measured using the zones of inhibition. This study found the presence of phytochemicals including 

phenolics and tannins in both extracts. Further, alkaloids, flavonoids, and saponins were only found in 

the aqueous extract. Furthermore, steroids were found in the ethanolic extract only. Intriguingly, both 

aqueous and ethanolic extracts produced activity against E. faecalis with a minimum inhibitory 

concentration for both tbeing 20 mg/mL. The zones of inhibition increased with an increase in extract 

concentration, and the largest observed was 9.6 mm using the ethanolic extract. This study highlights the 

promising antimicrobial properties of both the aqueous and ethanolic extracts of A. indica as exhibited by 

significant inhibitory activity against E. faecalis. These findings support the traditional use of Neem in 

folk medicine as an antibacterial agent and highlight its potential for the development of novel 

therapeutic agents. 

 

Keywords: Antibacterial activity, Azadirachta indica, Enterococcus faecalis, Neem, Phytochemicals, 
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Introduction 

Infectious diseases are a common threat to both humans and animals, causing considerable 

suffering and mortality globally [1]. These diseases, often caused by harmful microorganisms 

like bacteria, viruses, parasites, and fungi are common in developing countries, especially in 

Africa [2]. Studies have shown that traditional medicines are effective in the management of 

many diseases, including infectious diseases [3, 4]. Subsequently, more than 80% of the 

population in sub-Saharan Africa depends on plants and traditional medical practices as the 

primary source of health care [5]. Azadirachta indica (A. indica) is among the traditional 

medicines that are effective against certain diseases [6, 7]. 

Enterococci are part of the normal flora of the gastrointestinal tract [8-10]. The use of broad-

spectrum antibiotics in hospitalized patients causes the elimination of enterococc leading to a 

decreased thickness of the protective gastrointestinal mucus layer [11]. This may enable 

unnnecessary outgrowth of hospital-associated enterococcal clones that tend to be resistant to 

antibiotics [12]. Among Enterococcus species, two major species, E. nterococcus faecalis (E. 

faecalis) and Enterococcus faecium (E. faecium), are pathogenic to humans. E. faecalis causes 

about 85-90% of enterococci infections while 5-10% are caused by E. faecium [11]. These two 

species also result in bacterial infections of surgical wounds, endocarditis, neonatal sepsis, and 

very infrequent meningitis [13].  

As these infectious diseases continue to challenge healthcare systems worldwide, a growing 

concern is the rise of antimicrobial resistance (AMR) [14, 15]. 
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AMR presents a significant challenge to global health [16, 17], 

contributing substantially to both illness and death worldwide 
[18]. This problem is worsened by the emergence of multi-drug 

resistant (MDR) bacteria [19]. According to recent studies, E. 

faecalis has been reported to exhibit a high level of resistance 

to ampicillin, especially due to beta-lactamase production [16, 

20, 21].  

A. indica (Meliaceae), also called Neem, is native to India, 

has medicinal effects, and is found in most tropical and 

subtropical countries [22, 23]. A. indica (neem) contains 

phytochemicals that are responsible for its medicinal effects 

and exert a physiological action on the human body [23]. Some 

of the phytcochemicals contained in Neem include alkaloids, 

anthraquinones, flavonoids, glycosides, steroids, saponins, 

and tannic acid [24, 25]. Extracts of Neem leaves have 

antibacterial, antifungal, antiviral, antidiabetic, insecticidal, 

diuretic, cardiac, antipyorrhoiec, antiscabic, and many other 

biological activities [7, 23, 26-28]. Neem extracts from leaves, 

roots, bark, and seeds have been shown to have antimicrobial 

activity against Streptococcus variants and E. faecalis [29-31]. A 

wide range of Gram-positive and Gram-negative microbes, 

including Mycobacterium tuberculosis and strains resistant to 

streptomycin, are susceptible to the oil from the leaves, seeds, 

and bark of Neem [32]. 

In Zambia, approximately 70% of the indigenous population 

use traditional medicines for their ailments, and plants are 

used as medicines in the treatment and prevention of several 

diseases [33]. Some studies have reported the various 

traditional medicines used among the Zambian people [7, 34-38]. 

This highlights the importance of traditional medicines in the 

treatment of diseases. It is against this background that this 

study analysed the phytochemical constituents and 

antibacterial activities of the A. indica extracts against E. 

faecalis, a diverse group of gram-positive, facultative 

anaerobic bacteria, presenting a promising avenue for the 

development of alternative therapeutic intervention.  

 

Materials and Methods  
Collection of plant material: This laboratory-based study 

was conducted from August 2023 to October 2023. A. indica 

leaves were collected from the National Institute of Public 

Administration (NIPA) Main Campus in Lusaka, Zambia. The 

plant was identified by the University of Zambia (UNZA) 

School of Natural Sciences Department of Biological 

Sciences.  

 

Plant extraction preparation: We used a knife to remove A. 

indica leaves from the plant stem and washed them under 

running tap water to ensure dust removal and then dried under 

shade for 14 days. We used a mortar and pestle to pound the 

the dried leaves into a powdered which we later sieved to 

homogenous powder. Overall, we weighed 50 g of the A. 

indica coarse powder and then extracted the active ingredients 

with 750 mL of the solvent (water /ethanol). The mixture was 

filtered using Whitman's number one filter paper. We dried 

the filtrates in beakers over a water bath for 12 hours at 60˚C. 

The extracts were then covered and stored in a refrigerator at 

a temperaturw of 5˚C and their percentage yield were 

determined as follows:  

 

Extract yield% = R/S x100  

 

Note: S; weight of plant raw sample; R=weight of extracted 

plant residues  

 

Phytochemical Analysis: Phytochemical analysis of the plant 

extracts was performed according to the procedure outlined in 

the University of Zambia's Pharmacognosy laboratory manual 

according to Hikaambo et al., 2022 and Kabuka et al., 2022 [7, 

35]. We tested for phytochemicals including Alkaloids, 

Flavonoids, Phenolics, Tannins, Saponins, Steroids, and 

Terpenoids, based on a previous study methods [7]. 

 

Collection, culture, and inoculation of isolates: The E. 

faecalis (ATCC 29212) isolates used in the experiment were 

cultured in the Microbiology Laboratory located in the 

Department of Pathology and Microbiology at the University 

Teaching Hospitals (UTH) in Lusaka, Zambia. The E. faecalis 

isolates were isolated by standardised methods as explained in 

a previous study [16]. The petri dishers containing E. faecalis 

isolates were then incubated at 37oC for 18 to 24 hours as 

reported in another study [39]. 

We used the direct state suspension and turbidity principles to 

prepare 0.5 McFarland standard. We ensured that the turbidity 

was balanced using clearn saline until the point when it 

coordinated the one for 0.5 McFarland turbidity standard. The 

process was completed by holding the suspension and the 0.5 

McFarland turbidity gauges next to source of light opposite to 

a white foundation accompanied by differentiating dark lines 
[22, 40]. 

Mueller-Hinton agar was prepared on petri dishes and 

consideration was taken to ensure that excessive wetness and 

dryness of the agar did not occur. E. faecalis colonies were 

picked using a sterile cotton swab and inoculated onto the 

Mueller-Hinton agar petri dihes. This was followed by 

spreading the E. faecalis by swabbing the agar surfaces at a 

90-degree edge, then at a 45-degree edge [7, 22]. Before 

applying the A. indica extracts and ciprofloxacin, the 

inoculated petri dishes were kept for 20 minutes to allow for 

assimilation of the inoculum [7, 22]. 

 

Antimicrobial Activity Determination: The disk diffusion 

method was used to evaluate the antimicrobial activity of A. 

indica against E. coli. We prepared concentrations of 1 

mg/mL, 10 mg/mL, 20 mg/mL, 30 mg/mL, 40 mg/mL, and 50 

mg/mL of the aqueous and ethanolic extracts of A. indica 

from a stock solution of 50 mg/mL which was diluted using 

sterile distilled water for the aqueous extract and Dimethyl 

sulfoxide (DMSO) for the ethanol extract, sterilised through 

Millipore filter and loaded their requisite amount over 

sterilised filter paper discs (8 millimetres in diameter). The 

loaded filter paper discs with the various concentrations of the 

plant extract were placed on top of the Mueller-Hilton agar 

plates and incubated at 37°C for 24 hours. The zones of 

inhibition were measured using a plastic ruler in mm and 

recorded against the concentrations of the effective plant 

extracts. We used ciprofloxacin 5 µg standard discs as 

positive control against E. faecalis (ATCC 29212) while 

DMSO and sterile water were used as negative controls. We 

determined the minimum inhibitory concentration (MIC) at 

the lowest concentration that inhibited the growth of E. 

faecalis, as outlined in a previous study [41]. 

 

Data Analysis: The collected data were entered into 

Microsoft Excel 2013 and cleaned. Analysis of Variance 

(ANOVA) was performed to compare the activity of the 

extracts and ciprofloxacin (the control drug). Additionally, to 

compare the results between the concentrations of two 

extracts, we performed Tukey's Honestly Significant 

Difference (HSD) Test for multiple comparisons. We 
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presented the results in Tables and a Figure. Finally, we 

conducted all statistical analyses at a 95% confidence level 

and findings a p<0.05 were considered significant. 

 

Ethical consideration: Prior to carry out the study, we 

obtained ethical approval from the University of Zambia 

Health Sciences Research Ethics Committee (UNZAHSREC), 

protocol ID 2023301270009. All laboratory procedures were 

done based on the standard operating procedures.  

 

Results 

Percentage extraction value 

Table 1 summarises the extracted A. indica using two 

solvents, ethanol, and water. The aqueous-based extraction 

method yielded a higher percentage of extract (26.42%) 

compared to the ethanol-based method (17.20%), indicating 

that water was more effective in extracting the desired 

components from the plant material. 

 

Table 1: Weight of the A. indica extract, initial weight, and 

calculated percentage yield of the plant. 
 

Solvent to 

extract A. 

indica 

Initial Weight of 

the plant in 

grams 

Weight of extract 

recovered in 

grams 

Percentage 

extraction 

yield 

Ethanol 50 8.6 17.20% 

Water 50 13.21 26.42% 

 

Phytochemical Analysis 

Table 2 summarises the phytochemical analysis of A. indica 

extracts in aqueous and ethanol solvents. In the aqueous 

extract, found phytochemicals including and alkaloids, 

flavonoids, phenolics, saponins, and tannins (Table 2). 

However, the ethanolic extract showed the absence of 

flavonoids, saponins, and alkaloids while retaining the 

presence of phenolics and tannins (Table 2).  

Table 2: Phytochemical analysis of the A. indica extract 
 

Phytochemicals Aqueous extract Ethanol extract 

Alkaloids Present Absent 

Flavonoids Present Absent 

Phenolics Present Present 

Saponins Present Absent 

Steroids Absent Present 

Tannins Present Present 

Terpenoids Absent Absent 

 

Antibacterial activity of aqueous and ethanolic extracts of 

A. indica against E. faecalis 

The antibacterial activities of aqueous and ethanolic extracts 

of A. indica against E. faecalis are shown in Table 3. At a low 

concentration (1mg/mL), neither the aqueous nor the 

ethanolic extract showed significant inhibition of E. faecalis 

growth (Table 3). However, as the concentration was being 

increased, both extracts exhibited increased antibacterial 

activity with a maximum effect being observed at 50 mg/mL 

for both extracts. No statistical significance was observed 

between the two extracts at their maximum concentration (p-

value = 0.896) (Table 3). However, the aqueous and ethanolic 

extracts at different concentrations showed statistically 

significant with p-value = 0.028 in both the extracts (Table 3). 

 
Table 3: Antibacterial properties of aqueous and ethanolic extract of 

A. indica and ciprofloxacin 
 

Concentration 

of extract 

Mean zone of 

inhibition 

(mm) for the 

aqueous 

extract 

Mean zone of 

inhibition 

(mm) for the 

ethanolic 

extract 

P - 

Value 

Mean zone of 

inhibition (mm) 

for ciprofloxacin 

1mg/ml 0 0  

30 ± 0 

10mg/ml 0 0  

20mg/ml 6.5 ± 0.71 6.2 ± 1.98  

0.028 

 

30mg/ml 7.8 ± 0.28 7.0 ± 1.41 

40mg/ml 8.6 ± 0.28 8.1 ± 0.14 

50mg/ml 9.6 ± 0.57 9.4 ± 1.13 0.896 

 

 

 
Eth: Ethanol extracts, Aqu: Aqueous extracts, Cip-Aqu: Ciprofloxacin aqueous solution 

 

Fig 1: A graph of concentration vs. zone of inhibition of the extracts compared to ciprofloxacin. 
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Both the aqueous and ethanolic extracts of A. indica had less 

antibacterial activity against E. faecalis compared to 

ciprofloxacin.  

 

Discussion  

This study found that A. indica contained a variety of 

phytochemicals, including flavonoids, phenolics, tannins, 

saponins, alkaloids, terpenoids, and steroids. Furthermore, we 

found that A. indica exhibited a dose-dependent antibacterial 

activity against E. faecalis at a minimum inhibitory 

concentration of 20 mg/mL. 

The current study found that the A. indica extract contained 

phytochemicals including flavonoids, phenolics, tannins, 

saponins, alkaloids, and steroids. Further, the current study 

revealed that phenolics and tannins were present in both the 

ethanolic and aqueous extracts. Furthermore, our study found 

that alkaloids, flavonoids, and saponins were only present in 

the aqueous extract and not in the ethanolic extract. Similarly, 

a study that was conducted in India reported that saponins 

were absent in the ethanolic extract of A. indica while 

phenolics and tannins were present in the ethanolic extract [42].  

Contrary to the findings of the current study where terpenoids 

were absent in both the aqueous and ethanolic extract, a study 

in Ethiopia by Dereje and colleagues reported the presence of 

terpenoids in both the aqueous and ethanolic extracts of A. 

indica [43]. In our study, steroids were only present in the A. 

indica ethanolic extract. Our findings are similar to the results 

that were reported in other studies which also found the 

presence of steroids and tannins in the A. indica ethanolic 

extract [44, 45]. The variation in phytochemical content 

observed can be explained by variations in the polarities of 

the solvents used. Additionally, considering the influence of 

geographical and environmental conditions on the plant, 

research conducted in different regions worldwide might yield 

different findings regarding the presence or absence of the 

phytochemicals identified in this study. The antibacterial 

activities of A. indica are reported to be due to the presence of 

phytochemicals which possess antibacterial effects against 

various bacteria [18, 46-48]. 

The present study found that A. indica exhibited antibacterial 

activity against E. faecalis. These findings are in line with 

those reported in the Kingdom of Saudi Arabia by Mustafa et 

al. [49]. Additionally, the study conducted by Mohammed et al. 

also identified the antibacterial activity of neem against E. 

faecalis [50]. Furthermore, the activity of Neem leaf 

methanolic extract on uropathogens was documented in Saudi 

Arabia [18], Pakistan [23], and India [51]. The study done by 

Dhanya et al, in India, showed that ethanolic extract of A. 

indica at 50% concentration had no activity on the E. faecalis 

which is different from our study where at 50 mg/mL had an 

activity with the zone of inhibition of 9.4±1.13mm [52]. This 

variation could be due to differences in the environmental 

conditions, climate change, storage, and processing of A. 

indica which can affect the phytochemical constituents of 

plants [53]. 

The findings in this research show that the ethanolic and 

aqueous extracts of A. indica leaf exhibit concentration-

dependent antibacterial activity against tested organisms. 

Some studies have been done to investigate the antimicrobial 

activity of neem leaf extract and their results are almost 

similar to our results. One of the studies by Tamizh Paavai et 

al. conducted in India supports the idea that the inhibitory 

action of neem against the tested organism increases with 

higher concentrations of neem extract [54]. This aligns with the 

results observed in our study, where higher concentrations of 

neem extracts (50 mg/mL) exhibited larger zones of inhibition 

compared to lower concentrations. The findings from both 

studies collectively underscore the concentration-dependent 

antimicrobial effect of neem [54].  

The MIC for both the aqueous and ethanolic extracts of A. 

indica was determined to be 20 mg/mL in our study. This 

finding contrasts with the observations made by Muhammad 

et al. in their research, where the MIC for A. indica ethanolic 

extract against E. coli and K. pneumoniae was reported to be 

50 mg/mL and 75 mg/mL, respectively [55]. This variation is 

due to the different organisms that were used in these studies. 

Further, our study found that A. indica extracts did not have 

antibacterial activity against E. faecalis at concentrations 

lower than 20 mg/mL. Similarly, a study conducted by Angel 

et al. and colleagues reported that the methanolic leaf extract 

did not show any antibacterial activity against E. faecalis at 

lower concentrations [56]. These variations underscore the 

significant influence of the solvent's polarity on the 

antimicrobial activity of A. indica. 

We are aware of the limitation of our study. The achieved 

yield of the extracts was less than 30% of the 50 g extracts. 

This could have influenced the presence and amounts of 

active ingrendiets obtained. Consequently the quantity of the 

active constituents was not measured. Nevertheless, our study 

indicate the importance of traditional medicines as a source of 

antimicrobial agents. Additionally, further research should be 

conducted to support the use of Neem as a medicinal product. 

 

Conclusion  

This study highlights the promising antimicrobial properties 

of both the aqueous and ethanoic extracts of A. indica (neem) 

as they exhibited significant inhibitory activity against E. 

faecalis, with a concentration-dependent effect observed. 

These findings support the traditional use of Neem in folk 

medicine as an antibacterial agent and highlight its potential 

for the development of novel therapeutic agents. The presence 

of various phytochemicals, including flavonoids, phenolics, 

tannins, saponins alkaloids, and steroids, underscores the 

complex composition of A. indica extracts and their potential 

as sources of novel antimicrobial agents. 

 

References 
1. Essack SY, Desta AT, Abotsi RE, Agoba EE. 

Antimicrobial resistance in the WHO African region: 

Current status and roadmap for action. J Public Health, 

2017, 8-13. DOI: 10.1093/pubmed/fdw015 

2. Nyaruaba R, Okoye CO, Akan OD, Mwaliko C, Ebido 

CC, Ayoola A, et al. Socio-economic impacts of 

emerging infectious diseases in Africa. Infect Dis, 2022, 

315-324. DOI: 10.1080/23744235.2021.2022195 

3. Fokunang CN, Ndikum V, Tabi OY, Jiofack RB, 

Ngameni B, Guedje NM, et al. Traditional medicine: 

Past, present and future research and development 

prospects and integration in the national health system of 

Cameroon. Afr J Tradit Complement Altern Med. 

2011;8:284-295. DOI: 10.4314/ajtcam.v8i3.65276 

4. Yuan H, Ma Q, Ye L, Piao G. The traditional medicine 

and modern medicine from natural products. Molecules. 

2016;21:559. DOI: 10.3390/molecules21050559 

5. James PB, Wardle J, Steel A, Adams J. Traditional, 

complementary and alternative medicine use in Sub-

Saharan Africa: A systematic review. BMJ Glob Health. 

2018;3:e000895. DOI: 10.1136/bmjgh-2018-000895 

6. Hemdan BA, Mostafa A, Elbatanony MM, El-Feky AM, 

Paunova-Krasteva T, Stoitsova S, et al. Bioactive 

https://www.phytojournal.com/


 

~ 131 ~ 

Journal of Pharmacognosy and Phytochemistry https://www.phytojournal.com 
Azadirachta indica and Melia azedarach leaves extracts 

with anti-SARS-CoV-2 and antibacterial activities. PLoS 

One. 2023;18: e0282729. 

DOI: 10.1371/journal.pone.0282729 

7. Hikaambo CN, Kaacha L, Mudenda S, Nyambe MN, 

Chabalenge B, Phiri M, et al. Phytochemical Analysis 

and Antibacterial Activity of Azadirachta indica Leaf 

Extracts against Escherichia coli. Pharmacol Pharm. 

2022;13:1-10. DOI: 10.4236/pp.2022.131001 

8. Said MS, Tirthani E, Lesho E. Enterococcus Infections. 

StatPearls. 2022;1-15. Available Online:  

https://www.ncbi.nlm.nih.gov/books/NBK567759/ 

9. Ramos S, Silva V, Dapkevicius M de LE, Igrejas G, 

Poeta P. Enterococci, from harmless bacteria to a 

pathogen. Microorganisms; c2020. p. 1118.  

DOI: 10.3390/microorganisms8081118 

10. Miyazaki S. Enterococcus infection. Nippon rinsho. 

Japanese Journal of Clinical Medicine. StatPearls 

Publishing; c2003. p. 330-334. Available Online: 

https://www.ncbi.nlm.nih.gov/books/NBK567759/ 

11. Jabbari SM, Shiadeh, Pormohammad A, Hashemi A, Lak 

P. Global prevalence of antibiotic resistance in blood-

isolated enterococcus faecalis and enterococcus faecium: 

A systematic review and meta-analysis. Infect Drug 

Resist. 2019;12:2713-2725. DOI: 10.2147/IDR.S206084 

12. Tedim AP, Garbajosa RP, Corander J, Rodríguez CM, 

Cantón R, Willems RJ, et al. Population biology of 

intestinal Enterococcus Isolates from hospitalized and 

nonhospitalized individuals in different age groups. Appl 

Environ Microbiol. 2015;81:1820-1831.  

DOI: 10.1128/AEM.03661-14 

13. Sood S, Malhotra M, Das BK, Kapil A. Enterococcal 

infections & antimicrobial resistance. Indian J Med Res. 

2008;111-121. 

14. Li X, Fan H, Zi H, Hu H, Li B, Huang J, et al. Global and 

Regional Burden of Bacterial Antimicrobial Resistance in 

Urinary Tract Infections in 2019. J Clin Med. 

2022;11:2817. DOI: 10.3390/jcm11102817 

15. Wah K, Tang K, Millar BC, Moore JE, Moore JE. 

Antimicrobial Resistance (AMR). 2023;80:1-11. DOI: 

10.3389/bjbs.2023.11387 

16. Mudenda S, Matafwali SK, Malama S, Munyeme M, 

Yamba K, Katemangwe P, et al. Prevalence and 

antimicrobial resistance patterns of Enterococcus species 

isolated from laying hens in Lusaka and Copperbelt 

provinces of Zambia: a call for AMR surveillance in the 

poultry sector. JAC-Antimicrobial Resist. 

2022;4:dlac126. DOI: 10.1093/JACAMR/DLAC126 

17. WHO. 2021 Antibacterial Agents in Clinical and 

Preclinical Development. World Health Organization; 

c2021. Available:  

https://apps.who.int/iris/handle/10665/340694 

18. Altayb HN, Yassin NF, Hosawi S, Kazmi I. In-vitro and 

in-silico antibacterial activity of Azadirachta indica 

(Neem), methanolic extract, and identification of Beta.d-

Mannofuranoside as a promising antibacterial agent. 

BMC Plant Biol. 2022;22:262. DOI: 10.1186/s12870-

022-03650-5 

19. Maleki L, Rizi ST, Ghannadian M, Sanati MH, 

Shafizadegan S, Aliabadi SH. Antibacterial Activity of 

Azadirachta indica Leaf Extracts Against Some 

Pathogenic Standards and Clinical Bacterial Isolates. 

Avicenna J Clin Microbiol Infect. 2018;5:12987.  

DOI: 10.5812/ajcmi.12987 

20. Suppola JP, Kolho E, Salmenlinna S, Tarkka E, Varkila 

VJ, Vaara M. vanA and vanB incorporate into an 

endemic ampicillin-resistant vancomycin-sensitive 

Enterococcus faecium strain: Effect on interpretation of 

clonality. J Clin Microbiol. 1999;37:3934-3939.  

DOI: 10.1128/jcm.37.12.3934-3939.1999 

21. Mwikuma G, Kainga H, Kallu SA, Nakajima C, Suzuki 

Y, Hang’ombe BM. Determination of the Prevalence and 

Antimicrobial Resistance of Enterococcus faecalis and 

Enterococcus faecium Associated with Poultry in Four 

Districts in Zambia. Antibiotics. 2023;12:657.  

DOI: 10.3390/ANTIBIOTICS12040657 

22. Francine U, Jeannette U, Jean Pierre R. Assessment of 

antibacterial activity of Neem plant (Azadirachta indica) 

on Staphylococcus aureus and Escherichia coli. J Med 

Plants Stud JMPS. 2015;85:85-91. 

23. Mohideen M, Zainal Abidin NSI, Idris MIH, 

Kamaruzaman NA. An Overview of Antibacterial and 

Antifungal Effects of Azadirachta indica Crude Extract: 

A Narrative Review. Biomed Pharmacol J. 2022;15(2): 

505-514. DOI: 10.13005/bpj/2391 

24. Gupta A, Ansari S, Gupta S, Narwani M, Gupta M, Singh 

M, et al. Therapeutics role of neem and its bioactive 

constituents in disease prevention and treatment. J 

Pharmacogn Phytochem. 2019;8:680-691. 

25. Eid A, Jaradat N, Elmarzugi N. A Review of chemical 

constituents and traditional usage of Neem plant 

(Azadirachta indica). Palest Med Pharm J. 2017;2:75-81. 

DOI: 10.59049/2790-0231.1060 

26. Pandey A, Pare P. A review: Antimicrobial activity of 

Azadirachta indica (Neem). Int J Pharm Life Sci. 

2018;9:5755-5756. Available:  

https://search.ebscohost.com/login.aspx?direct=true&db=

a9h&AN=129839044&site=ehost-live 

27. Fatima A. Phytochemical screening and antibacterial 

activity of neem extracts on uropathogens. Pure Appl 

Biol. 2020;9:148-153. DOI: 10.19045/bspab.2020.90018 

28. Bohora A, Hegde V, Kokate S. Comparison of the 

antibacterial efficiency of neem leaf extract and 2% 

sodium hypochlorite against E. faecalis, C. albicans and 

mixed culture - An in vitro study. Endodontology. 

2010;22:10-14. DOI: 10.4103/0970-7212.351972 

29. Suhartono S, Soraya C, Shabira P. Antibiofilm activity of 

neem leaf (Azadirachta indica A. Juss) ethanolic extracts 

against Enterococcus faecalis in vitro. Dent J. 2023;56: 

98-103. DOI: 10.20473/J.DJMKG.V56.I2.P98-103 

30. Mudenda S, Banda M, Mohamed S, Chabalenge B. 

Phytochemical composition and antibacterial activities of 

Azadirachta indica (Neem): significance of traditional 

medicine in combating infectious diseases and 

antimicrobial resistance. J Pharmacogn Phytochem. 

2023;12:256-263.  

DOI: 10.22271/phyto.2023.v12.i5c.14733 

31. Sharma Y, Dua D, Nupur S. Comparative study of 

different parts of Azadirachta indica (Neem) plant on the 

basis of antibacterial activity, phytochemical screening 

and its effect on rat PC-12 (pheochromocytoma) cell line. 

Int J Biotechnol Allied Fields. 2014;2:144-154. 

32. Suhartono S, Soraya C, Shabira P. Antibiofilm activity of 

neem leaf (Azadirachta indica A. Juss) ethanolic extracts 

against Enterococcus faecalis in vitro. Dent J (Majalah 

Kedokt Gigi). 2023;56:98-103.  

DOI: 10.20473/j.djmkg.v56.i2.p98-103 

33. Nyirenda J, Chipuwa M. An ethno botanical study of 

herbs and medicinal plants used in Western, Copperbelt, 

https://www.phytojournal.com/


 

~ 132 ~ 

Journal of Pharmacognosy and Phytochemistry https://www.phytojournal.com 
Central and Northern provinces of Zambia. 

Phytomedicine Plus. 2024;4:100514.  

DOI: 10.1016/j.phyplu.2023.100514 

34. Banda M, Nyirenda J, Muzandu K, Sijumbila G, 

Mudenda S. Antihyperglycemic and Antihyperlipidemic 

Effects of Aqueous Extracts of Lannea edulis in Alloxan-

Induced Diabetic Rats. Front Pharmacol. 2018;9:1099.  

DOI: 10.3389/fphar.2018.01099 

35. Kabuka R, Mudenda S, Kampamba M, Chulu M, 

Chimombe T, Hikaambo CN. Phytochemical Analysis of 

Leaf, Stem Bark, and Root Extracts of Cassia abbreviata 

Grown in Zambia. Pharmacol Pharm. 2022;13:119-128.  

DOI: 10.4236/pp.2022.135009 

36. Hikaambo CN, Chilala P, Ndubi F, Mayoka G, 

Kampamba M, Kabuka R, et al. Antimicrobial Activities 

of Solanum aculeastrum fruit extract against Escherichia 

coli, Staphylococcus aureus and Candida albicans: 

Significance of African Traditional Medicine in 

Combating Infections and Attaining Universal Health 

Coverage. Pharmacol Pharm. 2023;14:176-188.  

DOI: 10.4236/PP.2023.145013 

37. Hikaambo Nang’andu C, Namutambo Y, Kampamba M, 

Mufwambi W, Kabuka R, Chulu M, et al. Prevalence and 

Patterns of Herbal Medicine Use among Type 2 Diabetes 

Mellitus Patients at the University Teaching Hospitals in 

Lusaka. J Biomed Res Environ Sci. 2022;3:074-081.  

DOI: 10.37871/jbres1402 

38. Hikaambo CN, Chisanga T, Kamapamba M, Akapelwa 

TM, Chimombe T, Chulu M, et al. Antibacterial Activity 

of Cassia abbreviata Oliv Bark Extract against 

Escherichia coli and Staphylococcus aureus. J Pharm Res 

Sci Technol. 2022;6:76-83. DOI: 10.31531/jprst.1000161 

39. Ogbonna OB, Raji, M E-MAM. The antibacterial activity 

of Azadarichta indica (neem) seeds extracts against 

bacterial pathogens associated with eye and ear 

infections. J Med Plants Res. 2010;4:1414-1421. DOI: 

10.5897/JMPR09.169 

40. Kalaivani R, Devi VJ, Umarani R, Periyanayagam K, 

Kumaraguru AK. Antimicrobial Activity of Some 

Important Medicinal Plant oils against Human Pathogens. 

2013;2:30-37. DOI: 10.1080/22311866.2012.10719105 

http://dx.doi.org/101080/22311866201210719105.  

41. Shinde AB, Mulay YR. Original Research Article 

Phytochemical Analysis and Antibacterial Properties of 

Some Selected Indian Medicinal Plants. Int J Curr 

Microbilogy Appl Sci. 2015;4:228-235. 

42. Sahrawat A, Sharma J, Rahul NS, Tiwari S, Joshi MD, 

Pundhir A, et al. Phytochemical analysis and 

Antibacterial properties of Azadirachta indica (Neem) 

leaves extract against E. coli. J Pharmacogn Phytochem. 

2018;7:1368-1371. 

43. Nigussie D, Davey G, Legesse BA, Fekadu A, Makonnen 

E. Antibacterial activity of methanol extracts of the 

leaves of three medicinal plants against selected bacteria 

isolated from wounds of lymphoedema patients. BMC 

Complement Med Ther. 2021;21:2.  

DOI: 10.1186/s12906-020-03183-0 

44. Susmitha S, Vidyamol KK, Ranganayaki P, 

Vijayaragavan R. Phytochemical extraction and 

antimicrobial properties of Azadirachta indica (neem). 

Glob J Pharmacol. 2013;7:316-320.  

DOI: 10.5829/idosi.gjp.2013.7.3.1107 

45. Ogidi OI, Ayebabogha NM, Eze PU, Okiemute O, 

Okafor CE. Determination of Phytoconstituents and 

Antimicrobial activities of aqueous and methanol extracts 

of Neem (Azadirachta indica) leaves. Int J Pharmacogn 

Chem. 2021;2:60-67. DOI: 10.46796/ijpc.vi.155 

46. Meressa MG. Phytochemical analysis and antibacterial 

evaluation of ethanol stem bark extract of Azadirachta 

indica Grown in Dibila Kebelle, Tigray-Ethiopia. Int J 

Eng Dev Res. 2017;5:1129-1132. 

47. Sinaga M, Ganesan K, Kumar S, Nair P, Gani SB. 

Preliminary phytochemical analysis and in vitro 

antibacterial activity of bark and seeds of Ethiopian 

Neem (Azadirachta indica A. Juss). World J Pharm 

Pharm Sci. 2016;5:1714-1723.  

DOI: 10.20959/wjpps20164-6479 

48. Pandey G, Verma K, Singh M. Evaluation of 

phytochemical, antibacterial and free radical scavenging 

properties of Azadirachta indica (neem) leaves. Int J 

Pharm Pharm Sci. 2014;6:444-447. 

49. Mustafa M. Antibacterial efficacy of neem (Azadirachta 

indica) extract against Enterococcus faecalis: An in vitro 

study. J Contemp Dent Pract. 2016;17:791-794.  

DOI: 10.5005/jp-journals-10024-1932 

50. Mohammed HA, Omer AFA. Antibacterial Activity of 

Azadirachta indica (Neem) Leaf Extract against Bacterial 

Pathogens in Sudan. Am J Res Commun. 2015;3:246-

251. Available: http://www.usa-journals.com/wp-

content/uploads/2015/04/Mohammed_Vol35.pdf 

51. Faujdar S, Bisht D, Sharma A. Antibacterial potential of 

neem (Azadirachta indica) against uropathogens 

producing beta-lactamase enzymes: A clue to future 

antibacterial agent? Biomed Biotechnol Res J. 

2020;4:232-238. DOI: 10.4103/bbrj.bbrj_38_20 

52. Dhanya Kumar N, Sidhu P. The antimicrobial activity of 

azardirachta indica, glycyrrhiza glabra, cinnamum 

zeylanicum, syzygium aromaticum, accacia nilotica on 

streptococcus mutans and enterococcus faecalis - An in 

vitro study. Endodontology. 2011;23:18-25.  

DOI: 10.4103/0970-7212.352011 

53. Raissa R, Safitri A, Beltran MAG, Aulanni’Am A. 

Phytoconstituents Investigation on the Ethanolic Extract 

of Azadirachta indica var. Indonesian and Philippines. 

Journal of Physics: Conference Series. IOP Publishing; 

2019. p. 12018. DOI: 10.1088/1742-6596/1374/1/012018 

54. Tha T, Prabakar J, Sneha S. Comparative evaluation of 

antibacterial efficacy of two chewing sticks against 

enterococcus faecalis - An in vitro study. Int J Dent Oral 

Sci. 2021;8:1754-1757.  

DOI: 10.19070/2377-8075-21000373 

55. Muhammad A, Lawan IM, Abubakar A, Dangora II. 

Antimicrobial Activity of Azadirachta indica (Neem) 

Leave Extract Against Some Clinical Isolates. Dutse J 

Pure Appl Sci. 2019;5:97-104. 

56. Híjar AL, Luis AMÁ, García CS, Soto GN, Mendoza 

DVJ. Antibacterial and cytotoxic effects of Moringa 

oleifera (Moringa) and Azadirachta indica (Neem) 

methanolic extracts against strains of Enterococcus 

faecalis. Int J Dent. 2018;2018:1071676. DOI: 

10.1155/2018/1071676 

https://www.phytojournal.com/

