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Abstract Infectious diseases caused by bacteria, fungi, parasites and viruses are still a major threat to public health.
Their impact is particularly large in developing countries due to the relative unavailability of medicines and the
emergence of widespread drug resistance. This has lead to the search of new antimicrobial agents mainly among
plant extracts. As part of our ongoing research to purify, isolate and characterized antibacterial compounds from the
extracts of some Nigerian medicinal plants, Acacia nilotica (Linn.), Sclerocarya birrea (A. Rich, Hochst.) and
Parkia biglobosa (Jacq) were screened for their preliminary phytochemical and antibacterial activity. The
preliminary phytochemical screening of the extracts was carried out using standard methods while the antibacterial
activity was done using disc diffusion method. The results for the phytochemical secreening showed the presence of
most of the phytochemicals tested. The results for the antibacterial activity of the crude methanolic extracts of the
plants showed varying degree of antibacterial activity against the bacterial isolates. The extracts at a concentration of
100 mg/mL were found to inhibit the growth of most of the test bacterial isolates comprising of both Gram-positive
and Gram-negative organisms. These findings support previous reports on the antimicrobial activity of these plants.
However, Acacia nilotica leaves extract shows relatively high (18.00 £ 2.00 for P. aeruginosa and 22.67 + 0.58 for
K. Pneumonia.) zone of inhibition than all the other plants part used. The result of the present study signifies the
potential of Acacia nilotica leaf as a source of therapeutic agents, which may provide leads in the ongoing search for
antimicrobial agents from plants.
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Introduction

Nigeria is well known for its rich ethno botanical wealth, particularly regarding medicinal plants which are
traditionally used in the treatment of ailments and could be a good source for discovery of new, safe and
biodegradable drugs. High population growth rate (2.8% per annum) and poverty coupled with dwindling economic
reserves in the country make Nigerians resort to more affordable sources for their immediate health needs. As the
population increases, demand for traditional medicine will increase. [1, 2]

Plants are rich in various active compounds including antimicrobial agents [3]. The recent discovery of novel drugs
such as artemisinin, atropine, digitoxin, digoxin, emetine, pilocarpine, quabain, quinidine, quinine, reserpine,
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vinblastine, vincristine, etc., from medicinal plants implies that vast potential still exist for the production of
numerous more novel drugs. Consequently, the area of ethno pharmacology of medicinal plants has attracted
increasing attention in new drugs research and development [4, 5]. It is estimated that two-thirds of the world
population depend on traditional medications due to the limited availability, the high prices of most pharmaceutical
products and the various side effects that they cause [6]. This further justifies the search for alternative products
from plants used in traditional medicine.

Acacia nilotica (L.) Willd. ex Del. also known as Gum Arabic tree, Babul, Egyptian thorn, or prickly Acacia is
multipurpose nitrogen fixing tree legume. It is a pioneer species, relatively high in bioactive secondary compound
and are important for a variety of functions. It is economically used as a source of tannins, gums, timber, fuel and
fodder. In Nigeria, the plant is traditionally used to treat infections such as diarrhoea, dysentery, oxidative stress,
intestinal pains, ulcer, cold, haemorrhages, tuberculosis, congestion, coughs and fever [7, 8].

Sclerocarya birrae (A. Rich.) Hochst is a tree about 13 m high and up to 2.5 m girth. It is a Nigerian medicinal plant
used to cure diseases and heal injuries. This plant has various effects on living system. In Nigeria and in some other
African countries, the stem bark, roots and leaves of Sclerocarya birrea are used for an array of human ailments,
including: malaria fever, diarrhea and dysentery, stomach ailments, headache, toothache and body pains etc [9].
Anticonvulsant effect of aqueous stem bark of Sclerocarya birrea extract in mice was reported [10].

Parkia biglobosa is a multipurpose fodder tree that belongs to the family MIMOSACEAE. Also called the “African
Locust Bean Tree”, it is crown large and spreads wide with low branches. The leaves are alternate, dark green,
bipinnate and about 8 — 30mm x 1.5 — 8mm in size with about 13-60 pairs of leaflets of distinct venation on a long
rachis. Parkia biglobosa has found so much medicinal use especially in West Africa. It is used against bronchitis,
pneumonia and diarrhea. A decoction of the stem bark is used as a mouthwash [11].

As part of our ongoing research to purify, isolate and characterized antibacterial compounds from the extracts of
some Nigerian medicinal plants: Acacia nilotica (Linn.), Sclerocarya birrea (A. Rich, Hochst.) and Parkia
biglobosa (Jacq). The plants were screened for their preliminary phytochemical and antibacterial activity.

Materials and Methods

Materials

Solvents for extraction

The solvents used were: 90% Methanol (BDH).

Materials for antimicrobial test

Microbiological media (nutrient broth): Muller Hinton agar.

Test Organisms: Staphylococcus aureus, Streptococcus pneumoniae, Salmonella typhi, Klebsiella pneumoniae,
Escherichia coli, Psedomonas aeruginosa and Proteus spp.

Petri Dishes, Sterile Pipette, 6 mm cork borer, Incubator, Autoclave, Dimethylsulphoxide (DMSQO) 10%

Methods

Plant Sample Collection and Identification

Fresh disease-free parts of the three plants used were separately collected from Bodinga, Sokoto State, Nigeria and
was identified and authenticated by a Botanist at the Biological Sciences Department, Usmanu Danfodiyo
University, Sokoto, Nigeria. The plants were identified as Acacia nilotica (Linn.), Sclerocarya birrea (A. Rich,
Hochst.) and Parkia biglobosa (Jacq) with voucher number UDUH/ANS/0247, UDUH/ANS/0245 and
UDUH/ANS/0246 respectively. The samples were shed-dried, ground and kept in air-tight containers till further use.
Preparation of Plant Extracts

The methanolic crude extract was prepared by soaking a sample (50g) of different powdered plant parts material in
90% methanol (300 ml) for 72 h. At the end of the extraction, each extract was filtered using Whatman filter paper.
The filtrate was concentrated in vacuum at 30°C and stored in sterile sample containers at 4°C until further use.

Phytochemical Screening
The extracts were screened for the presence of major phytochemicals using standard qualitative methods as
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described previously [12, 13, 14]. The plant extracts were screened for the presence of saponins, tannins, alkaloids,
flavonoids, terpenoids, steroids, phenols, cardiac glycosides and anthraquinones.

Sensitivity test of the crude extracts

Agar well diffusion method was employed to assay for the antibacterial activity [15]. The antibacterial activity of
the crude methanolic extracts of the eight plant samples (A to H) were determined using stock concentration of 100
mg/mL. The standardised inocula of the isolates were uniformly streaked unto freshly prepared Mueller Hinton agar
plates with the aid of a sterile swab stick. Using a sterile cork borer (6 mm in diameter), three appropriately labelled
wells were bored into each agar plate. A 0.2 mL of the appropriate extract concentrate was placed in each well and
then allowed to diffuse into the agar. The plates were later incubated at 37°C for 24 h after which zone of inhibition
(diameter) formed was determined as an indication of antibacterial activity. These effects were compared with that
of the standard antibiotic amoxicillin at a concentration of 1 mg/ml.

Results
Table 1: Weight (g) recovered and percentage (%) yield of the respective plant parts crude methanolic extracts

Extract Weight (g) Percentage yield
(%)

Acacia nilotica leaves 9.98 19.96

Acacia nilotica stem-bark 4.86 9.72

Acacia nilotica seed 4.92 11.18

Acacia nilotica seed-less pod 11.46 22.92

Parkia biglobosa leaves 1.18 3.58

Parkia biglobosa stem-bark 3.50 7.00

Sclerocarya birrea leaves .86 7.72

Sclerocarya birrea stem-bark 4.70 9.40

Table 2: Phytochemical constituents present in the methanolic crude extracts of the plant parts used (A to H)

Phytochemical Result

A B C D E F G H
Flavonoid ND + + + N.D + N.D +
Tannins + + + + + + + +
Saponins + + + + + + + +
Glycosides + + + + + + + N.D
Alkaloids + N.D + + + + + +
Cardiac + + + + + N.D + +
glycosides + + + + N.D + + +
Steroids N.D N.D N.D N.D + N.D N.D N.D
Balsams + + N.D + N.D + N.D +
Anthraquinones + N.D + + + + + +
Terpenoids
Key:

+ : present; N.D : not detected.

A: Sclorocarya birrea Stem — bark extract
B: Sclorocarya birrea Leaves extract

C: Acacia nilotica seed-less pod extract
D: Acacia nilotica leaves extract

E: Parkia biglobosa leaves extract

F: Parkia biglobosa stem — bark extract
G: Acacia nilotica seed extract

H: Acacia nilotica stem — bark extract
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Figure 1: Zone of inhibition (mm) of (a) Acacia nilotica leaves extract against S. aureus (b) Parkia biglobosa stem-
bark extract S. typhi (c) Acacia nilotica leaves extract against E. coli and (d) control (positive and negative) against
E. coli.

Table 3: Antibacterial activity of methanolic crude extracts of Acacia nilotica

Zone of inhibition (mm*)

Bacterial isolates  Leaves Stem-bark Seeds Pods Amox. 5% Meth.
E. coli 22.00+2.00 14.33+1.53 11.33+2.31 18.33+2.08 28.67+1.15 0 £0.00
K. pneumoniae 22.67+0.58 13.33+£1.53 0 +0.00 21.00£1.00 26.67+0.58 0 +0.00
Proteus spp. 20.00+0.00 12.67+0.58 0 £0.00 18.33+1.53 30.67+1.15 0 £0.00
P. aeruginosa 18.00+2.00 12.33+0.58 14.00+1.00 14.67+1.53 25.37+1.53 0+0.00
S. aureus 20.67+1.15 13.67+1.53 11.00+1.00 20.33+0.58 23.00+1.00 0+0.00
S. typhi 19.33+1.15 12.00+1.00 10.33+1.15 14.00+1.00 28.00+2.00 0+0.00
S. pneumonia 22.33+2.08 14.00+1.00 0+0.00 22.00+1.00 21.67+1.53 0+0.00
*values are mean and standard deviation of three (3) replicates, 0 £0.00 = No activity
Key: Amox. = Amoxicillin as positive control Meth (5%) = 5% methanol as negative control

Table 4: Antibacterial activity of methanolic crude extracts of Parkia biglobosa

Zone of inhibition (mm*)

Bacterial isolates Leaves Stem-bark Amox. 5% Meth.
E. coli 14.00+2.00 11.33+1.53 28.67x1.15 0+0.00
K. pneumoniae 0 +0.00 0 +0.00 26.67+0.58 0+0.00
Proteus spp. 0 +0.00 3.67+0.58 30.67£1.15 0+0.00
P. aeruginosa 10.67+0.58 12.67+1.53 25.37+1.53 0+0.00
S. aureus 17.33+2.52 11.33+0.58 23.00+1.00 0+0.00
S. typhi 13.61+3.51 14.33+0.58 28.00+2.00 0+0.00
S. pneumonia 0 +0.00 12.33+1.53 21.67+1.53 0+0.00

*values are mean and standard deviation of three (3) replicates, 0 £0.00 = No activity

Key: Amox. = Amoxicillin as positive control Meth (5%) = 5% methanol as negative control
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Table 5: Antibacterial activity of methanolic crude extracts of Sclerocarya birrea

Zone of inhibition (mm™*)

Bacterial isolates Leaves Stem-bark Amox. 5% Meth.
E. coli 15.67+1.15 5.67+0.58 28.67+1.15 0+0.00
K. pneumoniae 12.33+2.08 0 +0.00 26.67+0.58 0 +0.00
Proteus spp. 14.33+1.53 0+0.00 30.67+1.15 0+0.00
P. aeruginosa 12.67+0.58 0+0.00 25.37+1.53 0 £0.00
S. aureus 14.334£1.53 9.00+1.73 23.00+1.00 0£0.00
S. typhi 0 +0.00 11.33+0.58 28.00+2.00 0£0.00
S. pneumonia 12.67+£1.53 0 +0.00 21.67+1.53 0£0.00

*values are mean and standard deviation of three (3) replicates, 0 £0.00 = No activity

Key: Amox. = Amoxicillin as positive control Meth (5%) = 5% methanol as negative control

Discussion

The plant materials used in this study were initially extracted with methanol; the choice of methanol as a solvent of
extraction was based on the earlier observation that an organic solvent, especially methanol, was a better solvent for
consistent extraction of antimicrobial compounds from medicinal plants in comparison to other solvents such as
water, hexane and ethanol [16, 17].

The result of the percentage yield of the crude methanolic extracts reported in Table 4.1 shows that the Acacia
nilotica seed-less pod extract had the highest (22.92%) yield followed by Acacia nilotica leaves extract (19.96%),
Acacia nilotica seed extract (11.18%), Acacia nilotica stem-bark extract (9.72%), Sclerocarya birrea stem-bark
extract (9.40%), Sclerocarya birria leaves extract (7.72%), Parkia biglobosa stem-bark extract (7.00%), and lastly
Parkia biglobosa leaves extract (3.58%). The amount of extract recovered and consequently the percentage yield
depends largely on the fibre content of the plant/sample being extracted. High fibre contents gave a very low
percentage yield. On the other hand, low fibre content gave a very high percentage yield [18].

The result of the phytochemical analysis of the eight (8) plant parts extracts is presented in Table 4.2. The result
reveals the presence of flavonoids, tannins, saponins, glycosides, alkaloids, cardiac glycosides, anthraquinones and
terpenoids in most of the extracts studied. Only steroids were not detected in all the eight (8) extracts expect in
Parkia biglobosa leave extract. Several other studies have reported similar phytochemicals from these plants [19,
20, 21, 22, 23]; these support the data reported in this research. These compounds are known to be biologically
active [24, 25] and thus may contribute to the observed antibacterial activities in these plants.

Phytochemicals exert antimicrobial activity through different mechanisms. For instance, flavonoids posses a wide
range of biological activities which include antimicrobial, anti-inflammatory, analgesic, anti-allergic effects,
cytostatic and antioxidant properties [26]. The antibacterial activity of flavonoids had been shown to be a result of
their ability to form complexes with bacterial cell walls’ extracellular and soluble proteins [27]. Tannins act by iron
deprivation, hydrogen bonding or specific interaction with proteins such as enzymes, cell envelopes and complex
formation with polysaccharides [28, 29]. Herbs that have tannins as their component are astringent in nature and are
used for treating intestinal disorders such as diarrhoea and dysentery [28]; thus exhibiting antimicrobial activity.
Thus these plants are traditionally used in treating diarrhoea and dysentery among communities in Northern Nigeria.
Saponins are known to produce inhibitory effects on inflammatory processes [30]. They were also reported to
possess antibacterial property. Alkaloids are another kind of phytochemicals detected in most of the plant extracts
tested. Alkaloids have been associated with medicinal uses for centuries. One of the most common biological
properties of alkaloids is their toxicity against cells of foreign organisms. These activities have been widely studied
for their potential use in the elimination and reduction of human cancer cell lines [31].

Another important phytochemical detected in the plant extracts tested is cardiac glycosides. Cardiac glycosides are
an important class of naturally occurring compounds whose actions help in the treatment of congestive health failure
[32]. Steroid compounds detected only in the Parkia biglobosa leaf extract are of importance and interest due to
their relationship with such compounds as the sex hormones [33]. Taken together all these facts support the
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utilization of these plants (Acacia nilotica, Parkia biglobosa and Sclerocarya birrea) in various African countries
such as Nigeria, Mali, Niger, Republic of Chad, Benin and Cote d’Ivoire in the preparation of local medications for
the treatment of diseases.

The antibacterial activities of the eight (8) plant parts extract was investigated against the bacterial isolates of E.
coli, K. Pneumonia, Proteus spp., P. aeruginosa, S. aureus, S. typhi and S. pneumonia. The result for the
antibacterial activity of Acacia nilotica (leaf, stem-bark, seed, pod) extract is presented in table 3; while the
antibacterial activity of Parkia biglobosa (leaf and stem-bark) extract is presented on table 4 and that of Sclerocarya
birrea is presented in table 5. The extracts at a concentration of 100 mg/mL were found to inhibit the growth of most
of the test bacterial isolates comprising of both Gram-positive and Gram-negative organisms. The zones of
inhibition exhibited by the extracts ranged between 0.00 £ 0.00 mm and 22.67 + 0.58 mm. The extracts tested
displayed a varying degree of antibacterial activity against the bacterial isolates. These findings supports previous
reports on the antimicrobial activity of these plants [19, 20, 21, 22, 34].

The bacteria isolates used in this study include pathogens such as E. coli known to cause urinary tract infections
[35]; S. typhi known to cause typhoid fever and K. pneumoniae known to be the causative agent of pneumonia. All
these pathogens were susceptible to most of the plant extracts used in this study, thus supporting the use of these
plants in folklore remedies in the treatment of diseases caused by these pathogens. However, the antibacterial
activity of Acacia nilotica against the bacterial isolates is relatively higher than all the other extracts used in this
study (table 3). The zone of inhibition exhibited by the Acacia nilotica leaf extract ranged between 18.00 + 2.00 for
P. aeruginosa and 22.67 + 0.58 for K. Pneumonia.

Conclusion

The result of the present study signifies the potential of Acacia nilotica leaf as a source of therapeutic agents, which
may provide leads in the ongoing search for antibacterial agents from plants. Further, the activity exhibited by the
extracts against tested bacteria species that are associated with various infectious diseases, may provide scientific
justification for the ethnomedicinal uses of the plant.
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