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ABSTRACT 
 

Antibiotics are used in healthcare as for prophylaxis and have therapeutic value against drug-
resistant bacteria. The main aim of the study was to analyze the potential of neem leaf extract 
against pathogenic bacteria. The leaves were dried and phytochemicals were extracted with 
methanol, ethyl acetate, chloroform, and water. The methanol extract showed maximum yield. The 
total phenolic and flavonoid contents were found to be maximum in methanol extract. The methanol 
extract showed maximum activity followed by ethyl acetate, chloroform, and water. The methanol 
extract exhibited maximum activity against Enterobacter aerogenes (18±2 mm zone of inhibition), 
Salmonella typhimurium (16±1 mm zone of inhibition), Pseudomonas aeruginosa (20±2 mm zone of 
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inhibition), Staphylococcus aureus (12±0 mm zone of inhibition), and Escherichia coli (20±0 mm) 
(p<0.05). The minimum inhibitory concentration values ranged from 6.25±1.25 to 300±125 µg/ml 
and methanol extract showed least value against bacteria (p<0.05). 
 

 
Keywords: Neem leaves; antibacterial; multidrug resistant bacteria; minimum inhibitory concentration. 
 

1. INTRODUCTION  
 

Neem (Azadirachta indica) is a green tree that is 
mostly found in Africa, the United States, and 
India. It has been extensively utilized in the 
practice of Ayurveda (traditional medicine) for 
more than 4,000 years due to its therapeutic 
properties [1]. A concentrated form of the flower 
and leaf made of warm water is applied to heal 
burns and topically to cure hysteria. Flowers that 
have been dried are used to cure diabetes. An 
extract of hot water from dried fruit is used locally 
for the treatment of skin diseases and ulcers. 
Woolen and other materials are used to keep 
leaves long because of their insecticidal 
properties. Leaves are used to lower heat, or 
their combination is used as an antibacterial 
wash to help cure ulcers and wounds. Neem 
seed oil detoxifies the blood, thickens hair, 
improves liver function, and controls blood sugar 
levels. The primary constituent of neemis utilized 
in the treatment of skin irritation, including 
eczema [2]. Additionally, it has been documented 
that a high-performance liquid chromatography 
study of neem leaves has identified several 
polyphenols and phenolic acids in the water-
soluble extract of the neem leaves. The 
phytochemicals gallic acid (5.31 g/mg DW), 
coffee acid (0.05 g/mg DW), and rutin (0.78 g/mg 
DW) were determined. Additionally, it has been 
noted that substancessuch as taxifolin, 
kaempferol, vanillin, cinnamic acid, ferulic acid, 
and chlorogenic acid are all found in neem 
leaves [3].  
 
Medicinal plants, especially neem plants, have 
been related to cell-regeneration activity. The 
free radical generation isthe major cause of 
several diseases, including cancer. Cancer 
prevention medications assist in generating 
antioxidative molecules that limit the damage 
produced by radicals that are free or responsive 
oxygen species, as well as settle or deactivate 
radical extremists before they attack target cells 
[4]. Extensive studies were conducted to 
evaluate the mobility of in vitro cancer-preventing 
agents throughout multiple crude extracts of 
Azadirachta indica (Neem) leaves. The results 
showed that these were the cell reinforcement 
limits of the various unrefined extracts: butanoic 

> ethyl acetate > hexane > methanolic separates 
from chloroform [5]. According to a study, some 
gastrointestinal pathogenic microorganisms, 
such as the gram -positive bacteria 
Staphylococcus pyogenes, Escherichia coli, and 
Pseudomonas aeruginosa, can induce ocular 
infection [6]. The stems and leaves of 
Azadirachta indica were shown to have 
antibacterial qualities upon analysis. When 
evaluated for their potential to inhibit 
Trichophyton and Epidermophyton floccosum, 
two dermatophytes, the leaf extracts of 
Azadirachta indica (neem) showed                       
significant antifungal activity [7]. The main 
objective of the study is to determine the 
antimicrobial and antioxidant activities of neem 
leaves. 
 

2. MATERIALS AND METHODS 
 

2.1 Samples 
 
Neem leaves were collected from Tamil Nadu, 
India. After utilizing distilled water for three 
separate washings, the leaves were dried to 
remove any remaining water. Following that, the 
plant samples were weighted and dried in a 
controlled environment with active encapsulation 
and ambient temperatures for a period of fifteen 
days. After weighing the dehydrated samples, a 
mixer grinder was used to pulverize them. When 
they were used in later processes, the fine 
powder samples were stored in light-resistant, 
airtight containers at room temperature. 
 

2.2 Extraction of Phytochemicals  
 

Neem leaf (50 g) was crushed and extracted with 
250 mL methanol, ethyl acetate, chloroform, and 
water using a Soxhlet apparaturs for 48 h. The 
bottom flask was heated to vaporise the solvents, 
which then condenses in the condenser and 
drips back. The liquid filled the bottom flask once 
again and the procedure was repeated when it 
reached the syphon arm. It was evaporated at 70 
°C for 8 hours, the extract was concentrated 
before being dried. Prior to phytochemical 
screening, the concentrated extract was 
prepared as a gel and kept at room temperature 
[8].  
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2.3 Total Phenolic Content (TPC) 
Analysis 

 
The Folin-Ciocalteu reagent method was used to 
measure the total phenolic content after a 
fewmodifications. Double-distilled water was 
used to adjust the final volume of the extract to 2 
mL.Two milliliters of sodium carbonate (4 g 
Na2CO3/20 mL) were added to the resulting 
mixture after 0.25milliliters of extracts were 
mixed with an equal amount of Folin-Ciocalteu 
reagent (0.33 M). After that, the combination was 
incubated atambient temperature for 60 minutes 
in the dark. A total of three duplicates of each 
experiment were carried out. The absorption of 
the colour developed at a wavelength of 650 nm 
was detected using a spectrophotometer to 
determine the absorbance, with the blank 
reagent acting as the reference. One milligram of 
gallic acid (GA) was prepared between 10 and 
100 μg/mL. The amount of gallic acid equivalent 
(μg of GAE/g of extract) in milligramsper gram of 
dry extract was used to quantify the amount of 
phenolic substances in the extract [9]. 
 

2.4 Total Flavonoid Content (TFC) 
Analysis 

 
With a few minor modifications, the aluminium 
chloride colorimetric technique was used to 
determine flavonoid concentrations in plant 
extract. Briefly, four milligramsof plant matter 
were weighed out and then dispersed in DMSO. 
After that, double-distilled water was mixed 
withthe resultant solutions until a total volume of 
two milliliters was reached. The plant extracts 
were then prepared in several stocks, each 
containing 2000 micrograms per milliliter. The 
experiment was carried out in triplicate, with 0.5 
mL of extracts added to all test tubes. Then each 
test tube was filled with 0.5 mL of distilled water. 
After vortexing the test tubes, 0.3 mL of sodium 
nitrite (1 g NaNO2/20 mL) was added. The test 
tubes were allowed to stand at room temperature 
for five minutes. In each test tube, 0.3 mL of an 
aluminium chloride solution (2 g AlCl3/20 mL) 
was equally distributed. After completely mixing 
the contents of the test tubes with a vortex mixer, 
they were allowed to stand at room temperature 
for five minutes without being disturbed. Two 
milliliters of a 1 M NaOH solution were added to 
each test tube, and then they were thoroughly 
vortexed. After that, the test tubes were 
incubated for 15 minutes at room temperature in 
the dark. The generated colourabsorbance was 
then measured using a spectrophotometer at 510 

nm. Quercetin was used as a standard, with a 
concentration range of 100:1000 μg/mL [8]. 
 

2.5 Antimicrobial Activity of Neem Leaves 
 

2.5.1 Tested microorganisms 
 

A study was performed to determine the 
antibacterial activity of neem extracts                  
against Enterobacter aerogenes, Salmonella 
typhimurium, Pseudomonas aeruginosa, 
Staphylococcus aureus, and Escherichia coli. 
The stock cultures were kept in a refrigerator 
until they were needed later. They were cultured 
on slant nutrient agar slants for 24 hours at 37 
°C. 
 

2.5.2 Disc diffusion technique 
 

Mueller-Hinton agar medium was poured into 
Petri dishes. It was solidified, and cotton swabs 
were used to spread culture. The extracts were 
dipped in sterile discs, and chloramphenicol was 
used as a positive control. Using sterile forceps, 
the discs were gently placed on the bacteria-
seeded plates. Following the inoculation process, 
the plates were incubated for twenty-four hours 
at 37 °C. The diameter of the clear zone—which 
included the diameter of the disc—was 
measured to reflect the inhibitory zones following 
the incubation period [10]. 
 

2.5.3 Determination of minimum inhibitory 
concentration (MIC) 

 

The broth dilution method was used to determine 
the minimum inhibitory concentration (MIC). In 
order to obtain an inoculum of 108 CFU/mL, the 
bacterial species under experiment were cultured 
for 24 hours. The resulting culture was then 
diluted using the 0.5 McFarland standard in 10 
mL of tryptic soy broth (TSB). To generate a 
range of Neem extract concentrations from 2.5 
µg/mL to 300 µg/mL, DMSO was used to prepare 
a series of culture tubes. The test tubes were 
filled with 0.1 mL of bacterial cell suspension, 
and5 mL of broth, and the tubes were incubated 
for 24 hours at 37 °C. By measuring the broth's 
turbidity, the inoculum's growth in the mixture 
was established. The plates were left to incubate 
for 24–48 hours at 25 °C in temperature [11]. 
 

2.6 Statistical Analysis 
  
A one-way variance analysis (ANOVA) was used 
to analyze the significance. The p-value <0.05 
was considered statistically significant. 
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3. RESULTS AND DISCUSSION 
 

3.1 Solvent Extraction of Phytochemicals 
from Neem Leaves 

 

The extraction of phytochemicals varied widely. 
Fig. 1 shows the organic solvent extraction yield 
from neem leaf extracts. Methanol extract 
showed maximum yield (19.4±1%), and water 
extract showed minimum yield (4.7±0%) 
(p<0.05). Selecting the suitable extraction 
solvent is crucial to separating and extracting as 
many phytochemical components as possible 
from plant materials. The extraction yield values 
were significantly raised upon adding methanol, 
revealing the extraction of certain phenolic 
compounds. The fact that the polarity and 
characteristics of the extraction solvent affect the 
solubility of phenolic compounds may help to 
explain this situation. Certain phenolic 
compounds extract more readily from inorganic 
solvents like water than from organic ones like 
alcohols. In organic solvents that are less polar 
than water, other polyphenols are more soluble 
[12].  
 

3.2 Total Phenolic and Flavonoid 
Content in Neem Extract  

 
Plants produce a wide range of secondary 
metabolites, with phenolic chemicals being a 
well-known type. As shown in Figs. 2 and 3, the 
total phenol content (TPC) and total flavonoid 
content (TFC) of consecutive extracts made from 

neem leaves were measured. The total phenol 
content (µg/g GAE) of the neem plant varied 
depending on which extract was used. Methanol 
extract exhibited maximum total phenolic and 
flavonoid content, followed by ethyl acetate, 
chloroform, and water (p<0.05). The existence of 
polar phenolic compounds was indicated by the 
increased concentration of total phenol content in 
the methanolic extracts. There was a statistically 
significant difference between the methanol and 
water extracts in terms of total phenol 
concentration. The total flavonoid concentration 
of the neem plant varied widely, and an 
increased concentration was observed in the 
methanol extract.  
 

3.3 Antibacterial Activity of Neem Extract 
against Bacterial Pathogens 

 

A disc diffusion method was used to determine 
the antibacterial activity against various 
pathogenic bacteria. The methanol extract 
showed maximum activity, followed by ethyl 
acetate, chloroform, and water. The antibacterial 
activity (zone of inhibition) is depicted in Table 1. 
The minimum inhibitory concentration of the 
extract was tested against bacterial pathogens 
and is included in Table 2. It has been previously 
reported that the A. indica extract exhibited 
maximum activity against K. pneumoniae (14 
mm) and M. azedarach showed high activity 
against S. aureus (15 mm). The MIC value 
obtained in this study was similar with previous 
study [13].  

 

 
 

Fig. 1. Extraction of phytochemical compounds with organic solvents using Soxhlet 
apparaturs for 48 h. 50 g neem leaves were extracted with 250 mL solvent and the yield was 

calculated after evaporating the residue at 70 °C for 8 hours 
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Fig. 2. Total phenolic content of neem leaves extracted with various organic solvents 
 

 
 

Fig. 3. Total flavonoid content of neem leaves extracted with various organic solvents 
 
Table 1. Antibacterial activity of solvent extracts of neem extract against pathogenic bacteria 

 
Bacteria Zone of inhibition (mm) 

  Methanol Ethyl acetate Chloroform Water Standard 

Enterobacter aerogenes 18±2 15±1 15±2 12±0 20±1 
Salmonella typhimurium 16±1 15±2 12±1 16±0 20±0 
Pseudomonas aeruginosa 20±2 20±1 20±2 14±2 35±2 
Staphylococcus aureus 12±0 14±3 14±1 13±1 25±1 
Escherichia coli 20±0 20±1 20±1 12±0 35±2 

The result was expressed mean ± standard deviation 

 
Table 2. Minimum inhibitory concentration of neem leaves extract against bacterial pathogens 

 
Bacteria Minimum inhibitory concentration (µg/mL) 

  Methanol Ethyl acetate Chloroform Water Standard 

Enterobacter aerogenes 12.5±2.5 150±1.25 250±2.5 300±1.25 1±0 
Salmonella typhimurium 20±1.25 150±2.5 150±1.25 250±1.25 1±0 
Pseudomonas aeruginosa 6.25±1.25 75±1.25 300±2.5 >300 1±0 
Staphylococcus aureus 50±0.125 300±0.25 175±1.25 >300 1±0 
Escherichia coli 6.25±0.125 100±2.5 300±125 >300 1±0 

The result was expressed mean ± standard deviation 
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Fig. 4. Antibacterial activity of neem leaf extract against bacterial pathogens. About 20 µg of 
sample was loaded on a disc and placed on Mueller Hinton Agar plates and incubated for 24 h, 

and the zone of inhibition was observed (a- Staphylococcus aureus; b-Pseudomonas 
aeruginosa; c- Escherichia coli; d- Salmonella typhimurium; and e-Enterobacter aerogenes 

 

Alkaloids, glycosides, flavonoids, phenolic 
compounds, steroids, triterpenoids, carotenoids, 
tetra-triterpenoids, and azadirachtin are among 
the many antimicrobial phytoconstituents found 
in neem extract [13]. The methanolic extract of 
neem leaves in this study showed excellent 
antibacterial activity. The most abundant 
phytochemical components were those 
previously known to possess antibacterial 
activity. The phytochemical compounds such as 
15-Tetramethyl-2-hexadecane-1-ol, 1,5-Anhydro-
2-deoxy-L-arabino-hex-1-enitol, 1,3-Propanediol, 
N-Hexadecanoic Acid, 2-(hydroxymethyl)-2-nitro-
, beta-d-Mannofuranoside, O-geranyl, and phytol 
exhibited antibacterial activities [14]. The neem 
leaf methanolic extract utilised in this 
investigation has shown strong antibacterial 

activity against a variety of microorganisms. 
Numerous investigations conducted globally in 
the past have documented the antibacterial 
properties of crude neem extract. A wide 
spectrum of chemicals with antibacterial activity 
and polarity can be extracted by methanol and 
other solvents [15]. Neem extract's efficacy 
against several pathogens, such asEnterobacter 
aerogenes, Salmonella typhimurium, 
Pseudomonas aeruginosa, Staphylococcus 
aureus, and Escherichia coli.  Neem leaf 
ethanolic extract has been shown to have 
antibacterial properties against various 
pathogenic bacterial strains [16]. Furthermore, 
the neem plant's crude extract was shown to be 
highly efficient against S. aureus and E. coli [17]. 
In this study, the neem leaves exhibited higher 
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activity than in previous reports. It has been 
reported moderate activity against E. coli, P. 
aeruginosa, Proteussp, K. pneumoniae, and P. 
aeruginosa [16].  
 
Secondary metabolites are compounds found in 
plants that have the potential to acquire 
antioxidant, antibacterial, and/or antifungal 
properties. They can also function as a part of 
the plant's defense system against pathogens 
[18,19]. Depending on the polarity of the 
molecules and the properties of the vegetable 
portion being used, these phytochemicals are 
extracted. Studies using methanolic extracts from 
A. indica leaves thereby controlled Bacillus 
growth, whereas oils from seeds, bark, and 
leaves may prevent both Gram-positive and 
Gram-negative bacteria from growing and/or 
being viable. A. indica leaves were highly 
effective against pathogenic bacteria such as 
Streptococcus mutans, M. pyogenes, and 
Staphylococcus aureus. 
  

4. CONCLUSION 
 
In this study, various solvents were used for the 
extraction of antimicrobial phytochemicals from 
neem leaves. The ethanolic extract of neem leaf 
exhibited an increased amount of total phenolic 
and flavonoid compounds. These 
phytochemicals showed antibacterial activity 
against drug-resistant bacterial pathogens. 
Further in vivo and in silico studies are required 
to be carried out in the healthcare industry to 
observe its antibacterial efficacy. 
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