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Abstract

This study evaluated the antimicrobial and phytochemical properties of neem
leaf and bark extracts on selected microorganisms. Neem plant parts (bark
and leaf) were gotten from neem plant tree at School of Business Technology,
Federal Polytechnic Nekede, Owerri, Imo State. The plant parts were dried,
ground and extracted using ethanol. Qualitative phytochemical screening
was adopted in the determination of the phytochemical constituents of the
extracts while agar well diffusion technique was adopted in the determination
of the antimicrobial activities of the extracts against Staphylococcus,
Salmonella, Escherichia, Pseudomonas and Candida species. Tube dilution
technique was adopted in the minimum inhibitory concentration of the
extracts. The presence of saponins, anthranoids, anthraquinones, alkaloids,
phenols, tannins and phlobatannins and cardiac glycosides were detected
from the leaf and stem bark extracts. The zones of inhibition recorded ranged
with 18mm to 24mm with leaf extract and 16mm to 20mm with stem bark
extract. Inhibitory concentrations recorded ranged from 125mg/ml to
250mg/ml with both leaf and stem bark extracts. Bactericidal effect was
recorded at 250mg/ml and 500mg/ml. The leaf extract of neem showed better
antimicrobial activity compared to the stem bark extract. Similarly,
Salmonella and Staphylococcus species were the most susceptible bacteria
compared to the other test organisms. The results of this study therefore
justify the use of these plant parts in alternative medicine.
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INTRODUCTION

Background to the study

Plants contain many biologically active compounds which have potential for
development as medicinal agents. Herbal medicines already form the basis
of therapeutic use in the developing countries, but of recent, there has been
anincrease in the use of herbal medicines in the developed world too. Plants

194



Antimicrobial and Phytochemical Properties of Neem Leaf and Bark Extracts

provide an alternative strategy in search for new drugs. There is a rich
abundance of plants reputed in traditional medicine to possess protective
and therapeutic properties (Kayode & Kayode, 2011). It is likely that plants
will continue to be a valuable source of new molecules which may, after
possible chemical manipulation, provide new and improved drugs
(Uwimbabazi, Uwimana & Rutanga, 2015).

Azadirachta indica commonly known as; neem, nimtree or Indian lilac
(Dogoyaro)is one of such medicinal plants belonging to the Meliaceae family
(Abalaka, Oyewole & Kolawole, 2012). Azadirachta indica, commonly
known as neem, has attracted worldwide prominence in recent years, owing
to its wide range of medicinal properties. Neem has been extensively used in
Ayurveda, Unani and Homoeopathic medicine and has become a cynosure
of modern medicine. Neem elaborates a vast array of biologically active
compounds that are chemically diverse and structurally complex
(Uwimbabazi et al., 2015). More than 140 compounds have been isolated
from different parts of neem. All parts of the neem tree—leaves, flowers,
seeds, fruits, roots, and bark have been used traditionally for the treatment of
inflammation, infections, fever, skin diseases and dental disorders (Sharma,
Pankaj & Mamun, 2011; Ogbuewu, Odoemenam, Obikaonu, Opara,
Emenalom & Uchegbu, 2011; Subbalakshmi, 2012).

The medicinal utilities of neem products have been described especially for
neem leaf. Neem leaf and its constituents have been demonstrated to exhibit
immunomodulatory, anti-inflammatory, anti-hyperglycaemic, anti-ulcer, anti—
malarial, anti-fungal, anti-bacterial, antiviral, antioxidant, anti-mutagenic and
anti-carcinogenic properties (Jyotsna & Saonere, 2011; Gajendrasinh,
Bhavika, Rohit, Hetal & Prajapati, 2012; Mamman, Mshelia, Susbatrus &
Sambo, 2013; Sonalkar, Nitave, Sachin & Kagalkar, 2014). Neem oil and
the bark and leaf extracts have been therapeutically used as folk medicine to
control leprosy, intestinal helminthiasis, respiratory disorders, and
constipation and as a general health promoter. Neem oil finds use to control
various skin infections. Bark, leaf, root, flower, and fruit together cure blood
morbidity, biliary afflictions, itching, skin ulcers, burning sensations and
phthisis (Wiratno etal., 2009).

The extracts from neem plant have been used as antimicrobial agents in the
inhibition of the growth of pathogenic microorganisms. Uwimbabazi et al.
(2015) reported zones of inhibition with neem leaf extracts ranging from
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12mm to 18mm with aqueous extract and 14mm to 27mm with ethanol
extract. Similarly, Mishra, Neema & Niketa(2013) reported zones of inhibition
with neem leaf and seed extracts to range from 8mm to 24mm against
Staphylococcus aureus and Escherichia coli.

MTERIALS AND METHODS

Collection of samples

Neem plant parts (bark and leaf) were gotten from neem plant tree at School
of Business Technology, Federal Polytechnic Nekede, Owerri, Imo State.
The bark was cut using sharp knife while the leaves were plugged out from
the branches. The plant parts were identified by a plant Taxonomist and were
taken to the laboratory for drying, grinding and further processing.

Extraction of active ingredients from neem bark and leaf

Twenty grams (20g) of ground leaf and bark powders were subjected to
extraction using soaking method in ethanol. Twenty grams (20g) each of the
powder was poured into 95% ethanol in a beaker. The content of the beaker
was allowed to soak overnight. The content was filtered using muslin cloth
and stored in a sterile container (Uwimbabazi et al., 2015).

Collection of test organisms

Two Gram positive bacteria; Staphylococcus species, Salmonella
speciesand two Gram negative bacteria; Escherichia speciesand
Pseudomonas aeruginosa and fungi Candida species was used in this study.
The test organisms were isolated from urine samples from students within
Federal Polytechnic Nekede Medical Center.

Standardization of inocula

0.5 M McFarland’s standard solution of the test organisms were used for the
study. The method described by CLSI (2010) was adopted in the
standardization of inocula.

Antimicrobial screening of neemleaf and bark extracts

The agar well diffusion techniques as described by Uwimbabazi et al. (2015)
was adopted for this study to evaluate the antimicrobial activity of the leaf and
bark extracts.A sterile Pasteur pipette was used to drop 0.2 ml standardized
inoculums equivalent to 0.5 McFarland's turbidity standards on the surface of
already prepared and dry MuellerHinton agar. The inoculum was evenly
spread using Hockey stick shaped glass rod. Two wells were carefully bored
into each agar plate after standing for about 5 minutes with heat sterilized 6
mm diameter cork borer and labeled. The extracts were then poured into the
wells and the plates were allowed to stand for about 30 minutes for proper
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diffusion of the solutions before being incubated at 37°C for 24 hours (CLSI,
2010). After 24 hours, antibacterial activity was evaluated by measuring the
diameter of the zones of inhibition produced by the extracts against the test
organisms in millimeters.

Tests for minimum inhibitory concentrations (MIC)

For the MIC tests, about two milliliters (2ml) each of the leaf and bark extracts
were added in four milliliters (4ml) of peptone water; this gives 500mg/ml.
Thereafter, two-fold serial dilutions were carried out from the 500 mg/ml
concentration by transferring 2 ml of the 500 mg/ml concentration to 4 ml of
peptone water contained in a test tube and homogenized properly. This
procedure of transferring 2 ml of the tube to 2 ml of peptone water contained
in the subsequent tube was continued until the eighth tube. The following
concentrations were thereafter obtained, 500mg/ml, 250 mg/ml, 125 mg/ml,
62.50 mg/ml, 31.25 mg/ml, 15.62 mg/ml, 7.81 mg/ml and 3.90 mg/ml. Having
obtained the different concentrations and dilutions, three drops of overnight
broth cultures of the test organisms were inoculated into the dilutions in each
case of the test organisms. The tubes were then incubated at 37°C for 24
hours. The lowest concentration of the extracts that inhibited the growth of
the test organisms was recorded as the MIC.

Test for minimum bactericidal concentrations (MBC)

Tubes showing no visible growth from the MIC test was sub-cultured onto
sterile nutrient agar plates and incubated at 37°C for 24 hours. The lowest
concentration of the leaf extract yielding no growth was recorded as the
minimum bactericidal concentrations.

Qualitative phytochemical screening of the leaf extracts

The method described by Ekeleme et al. (2017) was adopted in the
determination of the preliminary qualitative phytochemical constituents of the
extracts. The phytochemicals that were determined include saponins,
tannins, alkaloids, anthraquinones, cardiac glycosides, phenols and
phlobatannins.

Test for saponins

Ten milliliters (10ml) of distilled water were added to about two milliliters (2ml)
of each of the extracts in a test tube and shaken vigorously. Persistent
frothing even after heating is an indication of the presence of saponins.

Test for anthranoids
Two milliliters (2ml) of each of the extracts, five milliliters (5ml) of 0.5M
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potassium hydroxide was added and mixed properly. Then 6 drops of acetic
acid were added followed by 2ml of toluene. To the upper layer formed, 2ml of
0.5M potassium hydroxide was added. A change in colour of the mixture was
an indication of a positive test while no colour change was an indication of a
negative test.

Test for anthraquinones

To about 2ml of each of the extracts, 5ml of 10% ammonia was added and
shaken vigorously. 2ml of benzene was thereafter be added. A colour change
was an indication of a positive test while none was an indication of a negative
test.

Test for phenol

5ml of each of the extracts was mixed with 8ml of distilled water in a test tube
and 6ml of Ferric chloride was added to the mixture. A colour change to light
brown is an indication of a positive test while none indicates a negative test.

Test for alkaloids

To about 2ml of each of the extracts, 5ml of 1% aqueous hydrochloric acid
was added and placed in a water bath for 3 minutes and thereafter 3 drops of
Mayer's reagent was added. A white precipitate was an indication of a
positive test while none was an indication of a negative test.

Test for tannins

To about 1ml of each of the extracts, 2ml of 1% ferric chloride was added. A
colour change was an indication of a positive test while none was an
indication of a negative test.

Test for phlobatannins

To about 2ml of each of the extracts, 2ml of 1% aqueous hydrochloric acid
was added and boiled. The presence of white precipitate was an indication of
a positive test while none was an indication of a negative test.

Test for cardiac glycoside

The Salkowski test was employed in this test. To 1ml of the extracts, 2ml of
chloroform was added and then 2ml of concentrated tetraoxosulphate (VI)
acid was added to form a lower layer. A reddish brown colour at the
interphase was an indication of a positive test while none was an indication of
anegative test.
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RESULTS AND DISCUSSION

RESULTS

The results of this study are shown in Tables 1 to 4. Table 1 showed the result
of the phytochemical constituents of the leaf and stem bark extracts. The
presence of saponins, anthranoids, anthraquinones, alkaloids, phenols,
tannins and phlobatannins and cardiac glycosides were detected with the
leaf and stem bark extract.

Table 2 showed the result of the antimicrobial susceptibility pattern of the
extracts against the test organisms. The zones of inhibition recorded ranged
from 18mm to 24mm with leaf extract and 16mm to 20mm with stem bark
extract.

Table 3 showed the result of the minimum inhibitory concentration of the leaf
and stem bark extracts against the test microorganisms. Inhibitory
concentrations recorded ranged from 125mg/ml to 250mg/ml with both leaf
and stem bark extracts.

Table 4 showed the result of the minimum bactericidal concentration of the

root and stem bark extracts against the test microorganisms. Bactericidal
effect was recorded 250mg/ml and 500mg/ml.
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Table 1: Phytochemical screening of the leaf and stem bark extracts

Phytochemical constituents Plant parts/Result
Leaf extract Stem bark extract

Saponins + +

Anthranoids + -

Anthraquinones + -

Phenols ® +

Alkaloids & +

Tannins * +

Cardiac glycosides i &

Phlobatannins + +

Key: - =Absence of phytochemicals + = Presence of

phytochemicals

Table 2: Antimicrobial susceptibility pattern of the extracts against the
test microorganisms

Test organisms Plant parts/Zone of inhibition (mm)
Leaf extract Bark extract

Pseudomonas species 18 18

Salmonella species 24 16

Staphylococcus species 20 20

Candida species 18 16

Key: mm = Millimeter
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Table 3: Minimum inhibitory concentrations of the extracts against the
test microorganisms

Test organisms Plant parts/Zone of inhibition (mm)
Leaf extract Bark extract

Pseudomonas species 250 250

Salmonella species 125 250

Staphylococcus species 125 125

Candida species 250 250

Key: mg/ml = Milligram per milliliter

Table 4:  Minimum bactericidal/fungicidal concentrations of the
extracts against the test microorganisms

Test organisms Plant parts/Zone of inhibition (mm)
Leaf extract Bark extract

Pseudomonas species 500 500

Salmonella species 250 500

Staphylococcus species 250 ND

Candida species 500 ND

Key: mg/ml = Milligram per milliliter

DISCUSSION

Plants are known of their ability to maintain good health since antiquity.
Nowadays, the interest in natural products as antimicrobial agents has
greatly increased due to the gradual collapse of antibiotics caused by the
emergence of multi-drug-resistant pathogens (Abdallah & Koko, 2017). This
study evaluated the antimicrobial and phytochemical properties of neem leaf
and bark extracts on selected microorganisms. Table 1 showed the result of
the phytochemical constituents of the leaf and stem bark extracts. The
presence of saponins, anthranoids, anthraquinones, alkaloids, phenols,
tannins and phlobatannins and cardiac glycosides were detected with the
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leaf and stem bark extract. Abalaka et al. (2012) reported the presence of
saponins, phlobatannins, tannins and cardiac glycosides from neem leaf
extracts. Tiwari et al. (2012) reported that the different composition of the
active components in plants give medicinal plants an edge as better
therapeutic agents.

Table 2 showed the result of the antimicrobial susceptibility pattern of the
extracts against the test organisms. The zones of inhibition recorded ranged
from 18mm to 24mm with leaf extract and 16mm to 20mm with stem bark
extract. Uwimbabazi et al. (2015) reported zones of inhibition with neem leaf
extracts ranging from 12mm to 18mm with aqueous extract and 14mm to
27mm with ethanol extract. Similarly, Mishra et al. (2013) reported zones of
inhibition with neem leaf and seed extracts to range from 8mm to 24mm
against Staphylococcus aureus and Escherichia coli.

Leaf extract neem showed higher zones of inhibition compared to the stem
bark extract. These results are the same as the one obtained in the study
carried out by Sanjeet et al. (2015) who reported inhibitory zones from 12 to
28mm after 90 hours of incubation against Aspergillus niger, Proteus
vulgaris, Escherichia coli, Staphylococcus aureus and Bacillus cereus.

Table 3 showed the result of the minimum inhibitory concentration of the leaf
and stem bark extracts against the test microorganisms. Inhibitory
concentrations recorded ranged from 125mg/ml to 250mg/ml with both leaf
and stem bark extracts. Jabeen et al. (2013) reported that aqueous extracts
of various parts of neem such as neem oil against Alternaria solani Sorauer
and results confirmed that ethyl acetate fraction was found most effective in
retarding fungal growth with MIC of 0.19 mg and this fraction was also
effective than fungicide (metalaxyl + mancozeb) as the fungicide has MIC of
0.78mg.

Table 4 showed the result of the minimum bactericidal concentration of the
root and stem bark extracts against the test microorganisms. Bactericidal
effect was recorded 250mg/ml and 500mg/ml. Antimicrobial properties
recorded with neem leaf and stem bark extracts could be attributed to the
presence of phytochemicals as shown in Table 3. Phytochemicals are
chemical compounds that occur naturally in plants. Alkaloids are reported to
be present in this plant that has pharmaceutical applications (Ekeleme etal.,
2017). Phenols are chemical compounds that occur ubiquitously as natural
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colour pigments responsible for the colour of fruits of plants. They play
important role in plant defense against pathogens, and this applied in the
control of human pathogen infection. Saponins are also important
therapeutics as they are shown to have hypolipidemic and anticancer
activity. Saponins are also necessary for activity of cardiac glycosides.
Tannins are used as antiseptic, and this activity is due to the presence of the
phenolic group. They are used as wound healing agents (Sarker & Nahar,
2017).

CONCLUSION AND RECOMMENDATIONS

CONCLUSION

The results of this study revealed that leaf and stem bark extracts of neem
had antimicrobial activities against some pathogenic microorganisms. The
leaf extract of neem showed better antimicrobial activity compared to the
stem bark extract. Similarly, the Salmonella and Staphylococcus species
were the most susceptible bacteria compared to the other test organisms.
The antimicrobial activities of the neem extracts could be attributed to the
presence of phytochemical constituents of the plant parts. The results of this
study therefore justify the use of these plant parts in alternative medicine.

RECOMMENDATIONS

1. The planting and propagation of this plant should be encouraged in
the society to be always it available for people.

2. There should be study carried out to investigate the toxicity level of
these plant parts to justify their antimicrobial activity.

3. There should be enlightenment program geared towards educating
people on the importance of medicinal plants such as neem to
humans.
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