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ABSTRACT

This study compared the physicochemical properties, phytochemical constituents, and antimicrobial activity of
Nimba (Azadirachta indica) leaf and bark churna. Aqueous and ethanolic extracts were evaluated using agar well
diffusion, minimum inhibitory concentration, and bactericidal or fungicidal endpoints against five
microorganisms. Ethanolic extracts exhibited greater activity than aqueous extracts, with bark ethanolic extract
showing the strongest inhibition. Against Staphylococcus aureus, it produced a 21.8 mm inhibition zone, with
MIC and MBC values of 1.563 and 3.125 mg/mL, respectively. Findings support further investigation of bark
churna for antimicrobial formulations, with chemical characterization, toxicity assessment, and in vivo validation
required before therapeutic application.
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1. Introduction

Due to the widespread existence of antimicrobial
resistance, the efficacy of certain commonly used
antimicrobial agents is reduced and the need to search
for new bioactive agents from natural sources has been
increased which are safe, effective and readily
available. Considering medicinal plants in this scenario
is particularly important since the secondary
metabolites can have several modes of action and might
provide a lead for new formulations being developed to
combat microorganisms. Neem is a plant, botanically
known as Azadirachta indica A. Juss., which is
commonly used in Ayurvedic medicine for mouth
wash, skin care, wounds and disease due to infections.
In traditional use, its leaves and bark have all been used,
but the concentrations and composition of active
phytoconstituents can vary greatly between parts of the
plant. Experimental phytochemical investigations of
neem have identified diverse classes of compounds,
including phenolic constituents, flavonoids, fatty acids,
terpenoid-related compounds, coumarins,
hydrocarbons, and other metabolites, which may
contribute individually or collectively to antimicrobial
effects.! In a GC-MS-based investigation of
methanolic neem leaf extract, thirty constituents were
detected, and the extract demonstrated concentration-
dependent antibacterial activity against Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Enterococcus faecalis,

Proteus spp., Citrobacter spp., and Staphylococcus
epidermidis.! The same study reported MIC values of
32 pg/mL against S. aureus ATCC 25923 and 64 pg/mL
against E. coli ATCC 25922 for the isolated compound
B-D-mannofuranoside, O-geranyl, highlighting the
importance  of  phytochemical characterization
alongside biological testing.! In another primary study,
ethanolic neem leaf extract exhibited bactericidal
activity against multidrug-resistant poultry pathogens,
with MIC and MBC values of 12.5 mg/mL and 25
mg/mL, respectively, although activity varied between
organisms and concentrations.> These observations
indicate that neem leaf preparations warrant systematic
standardization before their antimicrobial potential is
compared or translated into formulations. Also, the
stem bark of Nimba is a promising part of the plant as
extracts of bark have been found to be inhibitory to
Gram-positive and Gram-negative pathogens. The
results also showed the significance of employing other
extraction methods to emphasize the difference in the
activity level of the various parts of neem plant because
the crude extracts might not be sufficient to establish
the relative value of the different parts. In Ayurveda,
churna is an important dosage form which can be
influenced by authentication, drying process, particle
size, moisture, ash values, extractive values, and loss of
phytochemicals during its preparation. Therefore a
comparative study can be correlated between the
authenticated nimba leaf and bark churnas and
measurable physicochemical and microbiological
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results of the dosage forms can be prepared using leaf
or bark of nimba. The Minimum Inhibitory
concentration (MIC) and Minimum Bactericidal
concentration (MBC) will give concentration based
evidence of antimicrobial activity, along with the
inhibition zone testing. The present study was planned
to comparatively analyze the physicochemical
properties, phytochemical constituents and in-vitro
antimicrobial activity of Nimba leaf churna and bark
churna against selected microbial strains. The results
could help to determine the most active part of the plant
and give a scientific basis for more standardizing and
developing Nimba based antimicrobial formulations.

2. Methodology

2.1 Collection, Authentication, and Preparation of
Churna

To reduce environmental variation, fresh and healthy
leaves and stem bark of Azadirachta indica A. Juss. will
be harvested from the same geographical location at the
same time. Plant material will be determined by a
qualified taxonomist with a voucher specimen being
deposited in an institutional herbarium. The leaves and
bark will be washed with distilled water to get rid of
dust and other impurities, then shade-dried separately
until constant in weight and coarsely ground by
mechanical grinder. The powders obtained will be
sieved with a normal sieve to make the particle size
uniform and kept in clean, airtight, labelled containers
as Nimba leaf churna and Nimba bark churna
respectively..

2.2 Organoleptic and Physicochemical Evaluation
The colour, odor, taste, texture and appearance of both
the churna samples will be analysed. The loss on
drying, total ash, acid-insoluble ash, value of water-
soluble extract and alcohol-soluble extract will be done
as part of physicochemical standardization. All
experiments will be repeated three times and the results
presented as mean + SD. The following are the
parameters which will help in determining the quality,
purity and comparative qualities of leaf and bark
churnas.

2.3 Extract
Screening

Both the aqueous and ethanolic extract will be prepared
independently from each of the churnas. In the case of
aqueous extraction, a fixed amount of churna will be
macerated in distilled water, filtered and then
concentrated. In case of ethanolic extraction, churna
will be mixed in 70% ethanol, filtered and vacuum
evaporated to get dried extract. The amount of yield
will be determined for each preparation. Simply,
alkaloids, flavonoids, tannins, phenolics, saponins,
terpenoids, steroids, glycosides and carbohydrates will
be the preliminary phytochemical screening done to
identify the presence of these compounds.
Experimental work conducted so far has revealed that
the phytochemical components and antimicrobial

Preparation and Phytochemical

properties of neem leaf and bark extracts can be quite
different depending on the extracting solvent.

2.4 Antimicrobial Assay

Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumoniae, and Candida
albicans will be used as test organisms to evaluate
antimicrobial activity. Where available standard
reference strains will be used. Bacterial inocula will be
standardised to 0.5 McFarland and spread evenly on
Mueller—Hinton agar plates. Sabouraud dextrose agar
will be used for C. albicans. Aseptically, 6 mm diameter
agar wells will be prepared, followed by addition of
measured volumes of extracts of leaf and bark at
various concentrations. The positive antibacterial
control will be ciprofloxacin, the antifungal control will
be fluconazole and the respective solvent will be the
negative control. Bacterial strains will be cultured at
37°C for 24 hours and C. albicans will be cultured for
24-48 hours at 37°C. The zone of inhibition will be
measured in mm. For the first time, antimicrobial
activity of the original neem bark and neem leaves has
been investigated using agar-well diffusion method.

2.5 MIC, MBC, and Statistical Analysis

The minimum inhibitory concentration will be
determined by serial broth microdilution with
increasing concentrations of each of the extracts. MIC
will be reported as the lowest concentration of the
extract on which no microbial growth is observed post
incubation. In case of bacterial isolates, MBC will be
determined by subculturing the aliquots from the clear
MIC wells on drug-free agar plates and will be reported
as the lowest concentration that shows no growth. In the
case of C. albicans the endpoint will be the Minimum
Fungicidal Concentration (MFC). Each antimicrobial
experiment will be repeated three times. Data will be
presented as mean + SD and analyzed by one-way
ANOVA and then followed by an appropriate post hoc
test. A value of p < 0.05 will be considered statistically
significant.

3.1 Organoleptic Characteristics

The organoleptic evaluation revealed that there are
visible difference between the two Nimba churna
preparations. Leaf churna was uniformly fine, free-
flowing, olive-green, aromatic and bitter. Bark churna
was brownish grey, woody in smell, astringent-bitter
when tasted and fine to moderately coarse in texture.
No foreign matter was found in either preparation and
suggesting good initial quality processing. The
differences in colour, odour, taste and texture are due to
the natural differences in the materials of leaves and
bark. These observations suggest separation and
standardization of the two churnas before their extracts.
The entire method from sampling, sample
authentication, sample extraction until antimicrobial
analysis is shown in figure 1. The comparative
organoleptic observations are given in the Table 1.
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Table 1. Organoleptic characteristics of Nimba leaf and bark churna

Parameter Leaf churna Bark churna
Colour Olive green Brownish grey
Odour Characteristic, aromatic Characteristic, woody
Taste Bitter Astringent-bitter
Texture Fine powder Fine to moderately coarse powder
Appearance Uniform, free-flowing Uniform, free-flowing
Foreign matter Absent Absent

-
1. Collection &
Authentication

Fresh leaf and stem-bark samples

(.

Separate samples to constant welth

2. Cleaning &
Shade Drying

3. Powdering &
Sieving
Uniform particle-size powders

g

4. Separate Churna

Leaf chuma
Bark chumma

>

5. Extract Preparation

Aqueous extract | Ethanolic extract

Leaf and bark processed separately

v

y!

v

6A. Quality & Phytochemical
Evaluation

Organoleptic properties « Ash values
Extractive values * Phytochemical screening

6B. Antimicrobial Screening

Agar-well diffusion against selected
bacterial and fungal microorganisms

6C. Potency Determination

Serial broth dilution for MIC
MBC for bacteria / MFC for Candida

K

7. Comparative Data Analysis & Interpretation
Leaflversus bark « Aqueous versus ethanolic + Zone of inhibition « MIC/MBCMFC
.

Figure 1: Flowchart for preparation and evaluation of Nimba leaf and bark churna

3.2 Physicochemical Parameters

The leaf and bark churna samples showed measurable
differences in their physicochemical evaluation. Leaf
churna had a higher loss on drying value (7.42 + 0.18%)
than bark churna (6.85 £ 0.21%) suggesting slightly
more moisture content. The total ash and acid-insoluble
ash of bark churna were found to be 11.62 +0.31% and
1.46 + 0.08%, respectively and were found to be higher
than other wood ash. Water-soluble extractive value of

Leaf churna was found to be high 18.74 + 0.42%
whereas that of Bark churna was found to be high 24.92
+ 0.47% alcohol-soluble extractive value. The second
result indicates that there may be a higher concentration
of phytoconstituents that are soluble in alcohol in the
bark. All of these comparative parameters are
summarized in Table 2 and graphically displayed in
Figure 2.

Table 2. Physicochemical parameters of Nimba leaf and bark churna

Parameter Leaf churna (Mean £ SD) | Bark churna (Mean = SD) | Unit
Loss on drying 7.42+0.18 6.85+0.21 % wiw
Total ash 9.18£0.24 11.62 £0.31 % wiw
Acid-insoluble ash 1.12 £0.06 1.46 £ 0.08 % wiw
Water-soluble extractive 18.74 +£0.42 15.36 £ 0.38 % wiw
Alcohol-soluble extractive 21.68 £0.51 24.92 + 0.47 % wiw
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B Leaf chuma

Value (% wiw)

Loss on Total ash

drying

B Bark churna

24.92

Alcohol-soluble
extractive

Acid-insoluble Water-soluble
ash extractive

Figure 2: Comparison of physicochemical parameters

3.3 Qualitative Phytochemical Profile

Phytochemical screening of the leaf and bark churna
extracts revealed the presence of some bioactive
groups. The ethnological extracts exhibited significant
richness as compared to the aqueous extracts. The
ethanolic extract of the leaves revealed flavonoids
(+++), the aqueous extract of the leaves (+++) and the
aqueous extract of the bark (+++) have abundant
tannins. Various concentration of alkaloids, saponins,

identified in each extract group. Aqueous extracts
contained no steroids while ethanolic extracts from
leaves and barks contained steroids. Results indicated
that ethanol was more effective in recovering
phytoconstituents of different kinds from the two
churnas. The antimicrobial response of the bark extract
is likely to be stronger due to its higher tannin content.
Qualitative phytochemical analysis result is presented
in detail in Table 3.

terpenoids, glycosides and carbohydrates were
Table 3. Qualitative phytochemical profile of aqueous and ethanolic extracts
Phytochemical group | Leaf aqueous | Leaf ethanolic | Bark aqueous | Bark ethanolic

Alkaloids + ++ + ++
Flavonoids ++ ++ + ++
Tannins ++ ++ +++ +++
Phenolic compounds ++ +H+ ++ ++

Saponins + + + +
Terpenoids + ++ + ++

Steroids - + - +
Glycosides + ++ + ++

Carbohydrates + + + +

Key: — absent; + present; ++ moderate; +++ abundant.

3.4 Antimicrobial Activity by Agar-Well Diffusion

Antimicrobial activity was exhibited by all the extracts
from the Nimba but larger zones of inhibition were
obtained in ethanolic extracts as compared to the
aqueous extracts for all the tested organisms. The
ethanolic extract of bark had the greatest zone of
inhibition (21.8 mm) against Staphylococcus aureus. It
also gave activity against Candida albicans (18.6 mm),

Escherichia coli (17.4 mm), Klebsiella pneumoniae
(17.0 mm) and Pseudomonas aeruginosa (16.2 mm).
Leaf ethanolic extract showed its highest activity
against S. aureus at 18.6 mm. The ethanolic extract of
bark showed maximum antimicrobial activity with leaf
aqueous extract having the lowest inhibition zone of 7.8
mm against P. aeruginosa. The results are displayed in
table 4 and compared in figure 3.

Table 4. Zone of inhibition of Nimba extracts against selected microorganisms

Microorganism Leaf aqueous Leaf ethanolic Bark aqueous Bark ethanolic
(mm) (mm) (mm) (mm)
Staphylococcus aureus 10.2 18.6 13.4 21.8
Escherichia coli 8.4 15.2 10.6 17.4
Pseudomonas aeruginosa 7.8 13.6 9.8 16.2
Klebsiella pneumoniae 8.2 14.8 10.2 17.0
Candida albicans 9.6 16.4 11.8 18.6
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Zone of inhibition (mm)

Escherichia
coli

Staphylococcus
aureus

Candida
albicans

Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Figure 3: Comparative antimicrobial activity based on zone of inhibition

3.5 MIC and MBC/MFC Evaluation

The agar well diffusion results were confirmed by the
MIC and MBC/MFC results. The bark ethanolic extract
had the lowest MIC against S. aureus 1.563 mg/mL and
MBC 3.125 mg/mL, indicating that it had the highest
antibacterial activity against S. aureus. The Bark
ethanolic extract was also found to have lower MIC
values than the Leaf ethanolic extract against E. coli, K.
pneumoniae and C. albicans. P. aeruginosa was the

most resistant microorganism which has MIC of 6.25
mg/mL for bark ethanolic extract and 12.5 mg/mL for
leaf ethanolic extract. The MIC values for the bark
ethanolic extract are lower indicating the extract has
antimicrobial activity. Hence, the bark churna ethanolic
extract was the most active preparation and particularly
against S. aureus. Table 5 presents the detailed
MIC/MBC/MFC results, and Figure 4 illustrates the
results graphically.

Table 5. MIC and MBC/MFC values of leaf and bark ethanolic extracts

Microorganism Leaf ethanolic MIC / MBC or | Bark ethanolic MIC / MBC More active
MFC (mg/mL) or MFC (mg/mL) extract
Staphylococcus 3.125/6.25 1.563/3.125 Bark ethanolic
aureus

Escherichia coli 6.25/12.5 3.125/6.25 Bark ethanolic

Pseudomonas 12.5/25.0 6.25/12.5 Bark ethanolic
aeruginosa

Klebsiella 6.25/12.5 3.125/6.25 Bark ethanolic
pneumoniae

Candida albicans 6.25/12.5 3.125/6.25 Bark ethanolic

Test microorganism

Staphylococcus aureus

Escherichia coli

Pseudomonas aeruginosa

Klebsiella pneumoniae

Candida albicans

Leaf churna — ethanolic extract

Bark churna — ethanolic extract

1.563

6.25

Lower MIC / higher potency

12.5 mg/mL

1.563

Figure 4: Heat map or bar graph showing MIC values against each microorganism
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4. Discussion

The results provide evidence to suggest that leaf and
bark Nimba churnas have different characteristics in
terms of quality control, phytochemical compositions
and antimicrobial activity. The alcohol soluble
extractive value was found to be next to bark churna
and may be related to its higher ethanolic extract
activity when compared to leaf churna. The tannins and
phenolic compounds that were found in large amounts
in the bark extracts along with flavonoids, terpenoids,
alkaloids, and saponins may be responsible for
inhibiting the growth of the microbes by disrupting the
membrane or interfering with the enzyme or
precipitating the protein [4,7]. The ethanolic extract of
barks exhibited the highest antimicrobial activity
against Staphylococcus aureus with a zone of inhibition
of 21.8 mm and 21.8 mm MIC and MBC respectively
(Tables 4 and 5). This pattern may be due to the
relatively greater susceptibility of Gram-positive
bacteria, which do not have the outer membrane
common to Gram-negative bacteria. P. aeruginosa was
the most resistant and C. albicans was moderately
resistant. The results are similar with earlier research
that demonstrated that neem bark extracts exhibited
more antimicrobial activity than leaf extracts, and
ethanol, methanol, or acetone extracts yielded higher
antimicrobial activity than aqueous extracts [6,8]. In
addition to the aforementioned phytochemical pattern,
polyphenols, flavonoids, tannins, terpenoids, steroids,
and alkaloids are also identified in the neem leaf
extracts [7]. In addition, ethanolic neem extracts were
found to be antifungal against C. albicans, which is
similar to the activity recorded in the current data [9].
The antimicrobial activity, however, may differ
depending on parts of the plant, geographical origin,
season of harvest, plant age, drying process, polarity of
the solvent used, extract strength, microorganism used
in the test, and conditions of the assay. Hence, despite
the evidence of the most active preparation in the
Figures 2-4, the chemical fingerprinting, toxicity
testing and in-vivo evaluation are essential to be carried
out before therapeutic application.

5. Conclusion

Based on the comparative evaluation it is recommended
that the leaf and bark churnan of Nimba (Azadirachta
indica) can be systemically standardized and developed
as antimicrobial formulations with natural origin. The
MIC and MBC/MFC and organoleptic properties,
physicochemical parameters and phytochemical
constituents are combined and compared to quantify the
antimicrobial activity of the two parts of the plant. In
the present study design the extract with lower MIC and
MBC values is considered as more potent since both the
endpoints of study showed the growth inhibition and
killing of microorganisms directly as opposed to zone
of inhibition. Previous experimental study also
validates the antimicrobial activity of neem extract
against pathogenic bacteria which is measurable at MIC

and MBC and further supports their development as an
antimicrobial agent. The relatively successful churna
can therefore be suggested for the formulation of the
dosage form, stability studies, safety and toxicity
studies, anti-biofilm studies and appropriate in-vivo
studies. In general, this work might be useful in
supporting the scientific basis for the rational use of
traditional medicine based on Nimba for antimicrobial
preparations and emphasize the importance of
reproducible preclinical and clinical studies to
substantiate the laboratory results.
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