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Abstract

Acacia nilotica is a plant native to the Nile basin region, widely spread in central and
northern parts of Sudan. It has been mentioned in Sudanese folk medicine to be
effective against a variety of diseases. The methanol extract of the pods of Acacia
nilotica was tested against four human bacterial pathogens using disc diffusion method,
MIC and MBC tests. The results revealed that the extract exhibited a broader spectrum
of antibacterial activity and revealed potent bactericidal effect at high concentrations (up
to 100 mg/ml) and bacteriostatic at lower concentrations (as low as 12.5 mg/ml). In
general, all tested bacteria were susceptible, however the tested gram positives (Bacillus
cereus ATCC 11778 and Staphylococcus aureus) were much more susceptible than the
gram negatives (Escherichia coli and Acinetobacter baumannii), supporting the
traditional medical application and suggest it as a source for new antibacterial drugs.
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Introduction

Medicinal plants are still playing a major role in the
traditional medicine systems and to some extent modern
medicine, being represented rich source of renewed
natural products of therapeutic ability (Abdallah, 2011).
Although, modern medicine relies mainly on synthetic or
chemical drugs, but still up to 25% of all modern
medicines are originally produced from higher plants
(Ackerknecht, 1973). Up to 80% of the world population
are still depending on medicinal plants for primary health
care, the majority of this ratio is found in the developing
countries and this popularity is related to cultural
acceptability and affordable price (Kumar, 2015).
Recently, there is an increasing need for therapeutics
with antibacterial activity because the treatment of
bacterial infections is unsatisfactory, where current
antibiotics are losing their efficacy against different
bacterial pathogens due to overuse of antibiotics.

Although, new families of antibiotics have been
introduced but they revealed short-life expectancy, hence
herbal products attracts the attention of the researchers to
develop new antimicrobial drugs (Khan et al., 2009).

Acacia nilotica (L.) Willd. ex Del. var. nilotica belong
to family Fabaceae. It is a widely spread tree in the
central and northern parts of the Sudan, known in
Sudanese folk medicine as ‘kaarad’ (Abd-El-Nabi et al.,
1992). There are around 1300 species of Acacia species
found all over the world distributed in dry tropical and
sub-tropical regions including Africa, Australia, India,
Southern Asia and Americas (Auwal et al., 2015).
Acacia trees are important environmental and economic
plants. They are multi-purpose nitrogen fixing tree
legumes, they are also a source of Arabic gum, wood,
fuel, tannins and medications since ancient times
(Bargali and Bargali, 2009). The fruits of Acacia
nilotica are linear and narrow, flattened pods (Fig. 1),
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its pods, about 4-22 cm in length and 1-2 cm in
diameter, contains 8-15 elliptical bean-shaped and dark
brown to gray in color and Velvety texture (Kumar,
2015). In Sudanese folk medicine, the fruits (pods) of
Acacia nilotica are used as aqueous macerates or in a
powder form for treatment of pneumonia, tonsillitis,
dysentery, diarrhea and malaria (Ebrahim et al., 2012).
The phytochemical studies on the pods of Acacia
nilotica showed some bioactive principles such as
tannins, saponins, glycosides and flavonoids (Auwal et
al., 2015). A recent study showed that the pods of
Acacia nilotica have potential antioxidant and found
effective in protecting plasmid DNA and human serum
albumin protein oxidation induced by hydroxyl radicals
(Singh et al., 2009). The present study was conducted to
evaluate the efficacy of pods of Acacia nilotica as an
antibacterial drug traditionally used in Sudanese folk
medicine.

Materials and methods
Plant material

Dried pods of Acacia nilotica were purchased from a
famous herbal market from Khartoum city (Fig. 1),
authenticated by botanist (Dr. Wail E. Abdalla). Pods
were washed thoroughly with tap water followed with
sterilized distilled water and left to dry in oven at 50°C
for few days, seeds were separated from the dried pods
and excluded and ground using a blender, sieved and fine
powder was collected and saved dark well-tighten
container and kept until used.

Fig. 1: The pods of Acacia nilotica, selected for the present
study.

Bacterial cultures

Referenced bacterial strain, Bacillus cereus ATCC 11778
(Remel Europe, LTD, UK) was previously purchased from
Watin-Biolife, KSA. Other bacteria were clinical isolates
collected and routinely identified by Dr. Fiaz Ahamed, from
Al-Rass General Hospital, Pathology and Laboratory
medicine, Saudi Arabia. Those bacteria were
Staphylococcus aureus, Escherichia coli and Acinetobacter
baumannii. All bacteria were maintained on Mueller Hinton
agar slants in a refrigerator at 4°C until required.

Plant extraction

100 g of the dried powder of Acacia nilotica pods was
weighted and put in a sterile glass container. Then, 500
ml of 80% methanol was slowly added, tightly closed,
shake vigorously two or three times a day. This action
was repeated for up to 3 days. After that, the macerate
was filtered using Whatman filter papers No.l, the
filtrate was separated and stored in the incubator 45°C
for up to 7 days to get dry extract. At the time of
antibacterial experiment, two concentrations were
prepared (400 and 200 mg/ml) by reconstituting the
crude extract in absolute methanol.

Preparation of inoculums

The tested bacteria were sub-cultured in nutrient broth
for about 18 h at 37°C to reach the exponential phase and
then adjusted to 0.5 McFarland’s standard, using sterile
normal saline, to get bacterial density equivalent to
approximately 1.0 x 10° cfu/ml, and directly employed in
the antibacterial testing.

Disc diffusion method

The antibacterial activity of methanol extract of Acacia
nilotica pods was determined using a modified Kirby-
Bauer disc diffusion method as reported by Kowti et al.
(2010), with some maodifications; In aseptic conditions,
20 ml of warm Mueller Hinton agar (Watin-Biolife,
KSA), was poured on sterile disposable plates (Jalil
Medicals) and left at room temperature to solidify, Then
turned upside down and kept in the refrigerator for about
halve hour. 100 pl of the bacterial suspensions
(previously adjusted) were swapped onto the Mueller
Hinton plates, using sterile cotton swaps. Sterile blank
discs of 6 mm were previously prepared from Whatman
No.1 filter paper (Sigma-Aldrich) and saturated with 400
and 200 mg/ml to trap about 8 and 4 mg/disc,
respectively (Pre-experimental measurements showed
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that the 6 mm disc absorb about 20 ul). Saturated discs
were placed onto inoculated plates, the plates were
allowed to stand for a while at room temperature, and
then incubated at 37°C for 24 hrs. The susceptibility of
the tested bacteria to the extract was indicated after
incubation by zones of growth inhibition in millimeter
(mm) using a transparent ruler. Gentamicin discs (10
pg/disc) (Oxoid), were used as standard antibacterial
(positive control), another discs saturated with the
solvent (methanol) were loaded in a separate inoculated
plates and served as negative control.

Determination of minimum inhibitory concentration

The Minimum inhibitory concentration (MIC) of the
methanol extract of Acacia nilotica pods against the
tested bacteria was evaluated as described by Abubakar
(2009). 1 ml of the crude extract at a concentration of
400 mg/ml was added to a tube containing 1 ml Mueller
Hinton broth (Watin- Biolife, KSA). Then, 1 ml from
this tube (First tube) was transferred to the next one in
two folds serial dilutions till reached the 7" tube, to get
the concentrations 400, 200, 100, 50, 25, 12.5 and 6.25,
respectively. To additional tube 1ml of absolute
methanol was loaded instead of the plant extract and
served as negative control. Also, another tube containing
Mueller Hinton broth only and inoculated with the test
bacteria was considered as positive control. All tubes
were kept in the incubator (BINDER GmbH, Germany)
at 37°C for about 24 h. After incubation, all tubes were
inspected visually for bacterial growth by observing
formation of turbidity on the test tubes compared to the
controls. The least concentration of the plant extract that
did not show any visible growth was considered as MIC.

Determination of minimum bactericidal concentration

The Minimum bactericidal concentration (MBC) of the
methanol extract of Acacia nilotica pods against tested
bacteria were carried out according to Doughari and
Manzara (2008) with minor modification. From the MIC
tubes that shows no visible growth, 100 pl from each of
them was loaded on Mueller Hinton agar plates, swapped
with sterile cotton stick , incubated overnight at 37°C and
inspected for growth. The least concentration that
showed no single bacterial colony on the agar plate was
considered as MBC.

Statistical analysis

SPSS statistical analysis software package (Version 17)
was used for interpretation of the results. Descriptive

statistics was used to get means + standard error of
means, One-Way ANOVA for disc diffusion, MIC and
MBC results and two tailed partial correlation test for
comparison between 8 and 4 mg/disc methanol plant
extracts. A value of p<0.05 was considered significant.

Results and discussion

The antibacterial activity of the methanol extract of
Acacia nilotica pods against tested bacteria was initially
performed using the modified Kirby-Bauer disc diffusion
method (Fig. 2), as shown from Table 1 and Fig. 3, no
significant differences detected of the disc diffusion test
between 8 and 4 mg/disc plant extract (6 mm Whatman
filter paper disc No. 1). It is thought that such disc size
cannot trap 8 mg/ disc, 4 or 5 mg/disc (6 mm in
diameter) may be the maximum amount. The Kirby-
Bauer disc diffusion method is invented basically for
antibiotics sensitivity testing.

Fig. 2: Representative photo showing the antibacterial
activities of methanol extract of Acacia nilotica pods against
Bacillus cereus compared to Gentamicin.

Accordingly, standardization and adjustment of Kirby-
Bauer assay to be suitable for investigate the unknown
crude plant extract are required. The results also showed
that the most susceptible bacteria (at 400 mg/ml) was
Escherichia  coli  (20.5+1.5mm), followed by
Staphylococcus aureus (19.5+0.5mm), Acinetobacter
baumannii (18.5+£0.5mm) and Bacillus cereus ATCC
11778 (16.0£1.0). Similar previous studies reported that
the pods of Acacia nilotica have antibacterial effects;
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This is in harmony with the findings of El-Kamali and
El-karim (2009) whom published that the ethyl acetate
and the methanol extracts of the pods of the Sudanese
Acacia nilotica, recorded broad spectrum antibacterial
activity against Staphylococcus aureus (ATCC 25923),
Bacillus subtilis (NCTC 8236), Escherichia coli (ATCC
25922), Proteus vulgaris (ATCC 6380), Pseudomonas
aeruginosa (ATCC 27853) and Klebsiella pneumoniae
(ATCC 1312).

Also, Abd-El-Nabi et al. (1992) mentioned that the
aqueous extract of Acacia nilotica pods collected from
Sudan revealed antibacterial activity against 10 bacterial
cultures representing gram negatives and gram positives.
The current results also showed that, the susceptibility of
gram negative bacteria was relatively higher than the,

Statistical analysis showed that there is no significant
differences between the zone of growth inhibition
between gram-negative and gram positive bacteria
(p<0.05), meaning that this plant extract may have broad
spectrum effect against human pathogens.

However, Mustafa et al. (1999) cited that water,
ethanol, n-hexane and chloroform extracts of Acacia
nilotica pods were more effective against Gram positive
cocci than Gram-negative bacilli. On the other hand,
gentamicin recorded significant differences (p<0.05),
which means that this antibiotic is losing gradually its
broad spectrum properties. Gentamicin is an
aminoglycoside antibiotic with broad-spectrum activity,
it inhibits protein synthesis by binding irreversibly to 30S
bacterial ribosome (Nahum et al., 2006).

Table 1. The antibacterial activity of methanol extract of methanol extract of Acacia nilotica pods by disc diffusion method.

Mean zone of growth inhibition (mm)

Test Gram-positives Gram-negatives
Staphylococcus aureus Bacillus cereus Escherichia coli Acinetobacter baumannii
Methanol extract 19.5+0.5 16.0+1.0 20.5+1.5 18.5+0.5
(400 mg/ml or 8 mg/disc )
Methanol extract 18.0+0.0 15.5+0.5 19.5+1.5 17.5+0.5
(200 mg/ml or 4 mg/disc)
Gentamicin 25+0.0 26x0.0 18.0£0.0 6.0£0.0

(10 pg/disc)

* Inhibition zones are the mean including disc diameter (6 mm) + standard error of means, 6.0= no inhibition, mm= millimeter,

test repeated twice.

30.0

27 .0

Mean zone of growth inhibition (mm)

Sa Bc

Methanol extract (4
mg/disc)

Methanol extract (8
myg/disc)
Gentamicine (10 pg/disc)

Ec Ab

Fig. 3: The antibacterial efficacy of methanol extract of Acacia nilotica pods compared to Gentamicin*. * The diameter of the paper
disc (6 mm) was omitted, Sa= Staphylococcus aureus, Bc= Bacillus cereus, Ec= Escherichia coli, Ab= Acinetobacter baumannii.
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The antibacterial efficacy of this extract was also
evaluated by MIC and MBC assays, as shown in Table
2. The results revealed that the pod extract of Acacia
nilotica represented effective bacteriostatic activity
against all tested bacteria, even at low concentration
(12.5 mg/ml) against the gram-positive bacteria, in
particular. The MBC values were equal to or greater
than the MIC (Table 2). Actually, the closer in value of
the MBC to MIC the more bactericidal, if the MIC
value of the plant extract is also the MBC value or
higher, it means good sign of bactericidal effect. This is
in agreement to some extend with Auwal et al. (2015)
who stated that the MIC and MBC of pods of Acacia

nilotica agueous extract were 25 and 25 mg/ml for
Bacillus subtilis and Klebsiella pneumoniae, and 200
mg/ ml for Staphylococcus aureus, respectively.
Accordingly, the methanol extract of Acacia nilotica
pods have potential bactericidal effect against all tested
bacteria, being much bactericidal against the gram-
positives. Finally, the pods of this plant are definitely
considered promising source of effective antibacterial
drug. The interesting outcomes of this investigation
providing encourages the antibiotics-researchers to give
more attention to the natural plant products particularly
those mentioned or applied in traditional or folk
medicine.

Table 2. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of crude methanol extract

of Acacia nilotica pods.

Microorganism MIC (mg/ml) MBC (mg/ml)
Staphylococcus aureus 125 50

Bacillus cereus 12.5 50
Escherichia coli 100 100
Acinetobacter baumannii 50 100

Conclusion

The pods of Acacia nilotica methanol extract was found
to be effective as antibacterial against different bacterial
pathogens, providing the scientific basis for its traditional
application in Sudanese folk medicine against many
bacterial diseases. Further studies should be done to find
out the active compound responsible for antibacterial
effects as well as toxicological and other necessary
pharmacological studies to use in modern drugs
developments.
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