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ABSTRACT
The aqueous and methanolic extracts of the leaves, stem and root barks of Prosopis africana (Guill; Perr.
& Taub) were assayed for their in vitro antimicrobial activity against Escherichia coli, Streptococcus
mutans, and Staphylococcus aureus isolated from sub – gingival crevices of patients that presented
periodontitis and dental caries, by the agar well – diffusion method. The results show that crude P.
africana extracts showed concentration – dependent activity against E. coli (meanZI = 14.69mm, maxZI
= 21mm, lowest MIC = 0.391mg/ml), S. mutans (meanZI = 14.27mm, maxZI = 23mm, lowest MIC =
0.391mg/ml), and S. aureus (meanZI = 16.31mm, maxZI = 22mm, lowest MIC = 0.391mg/ml). The mean
antibacterial activity index (AI) of all extracts were significantly (P ≤ 0.05) higher than that of
chlorhexidine gluconate – containing commercial toothpaste (at 10mg/ml), but significantly (P ≤ 0.001)
lower than that of ciprofloxacin® antibiotic at 100µg/ml. Both E. coli and S. mutans show their highest
susceptibility to the aqueous root and methanolic stem bark extracts respectively (lowest
MIC=0.391mg/ml & lowestMBC=0.781mg/ml), while S. aureus demonstrated equal susceptibility to all,
but the aqueous leaf extracts. This result indicates the potential of Prosopis africana in the search for
prototype antimicrobial principal in the chemotherapeutic management of oral diseases.
Keywords: In-vitro, Phytochemical, Antibacterial, Orodental, Periodontitis, Agar-well diffusion,
Minimum Inhibitory Concentration, Minimum Bactericidal Concentration, Zone of Inhibition
INTRODUCTION
One of the prominent African herbal medical practices that have remained strong throughout antiquity, is
the use of chewing stick plants as a means of orodental hygiene. This practice is also common in many
cultures throughout the world right from pre-Christian times.
The earliest reported use of chewing stick plants dates back to the ancient Babylonians in the period
7000BC (al-Otaibi, 2004; Ndukwe et al., 2005 and Niazi et al., 2016). This ultimately spread throughout
the Greek, Roman, Egyptian and Islamic Civilizations (Muhammad & Shinkafi, 2007). In Nigeria, 70 –
80% of the rural populace rely mainly on chewing stick plants as their primary means of oral hygiene
(Ndukwe et al., 2005).
These chewing sticks are used either as brush-ended twigs used to clean the teeth or are made into
decoctions and/or infusions as prescribed by traditional healers in the control of more severe dental
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problems. The type of plants used as chewing sticks, in any given community, however, depends largely
on the local floral diversity. For many people this choice also has more to do with the fibrous nature of
the plant twig and the taste-sensation or frothing it produces in the mouth, than on any antimicrobial
activity that the plant may have.
Sofowora (2006) reported that the tastes sought for in a chewing stick include “. . . the tingling, peppery
taste, and numbness, as provided by Fagara zanthoxyloides root; a strong bitter and frothing taste as in
Masularia acuminata stem … and from Vernonia amygdalina root”. The type of plants used as chewing
sticks in Northern Nigeria include the stem and root cuttings of several indigenous and exotic tree plants,
including Prosopis africana (Kirya), Commiphora africana (Dashi), Securidaca longipedunculata
(Sanya), Khaya senegalensis (Madachi), Fagara zanthoxyloides (Fasa Kwauri), Guiera senegalensis
(Sabara), Azadrichta indica (Bedi), Mangifera indica (Mangwaro), Salvadora persica (Arak), Diospyros
mespilliforumia (Kanya), Vernonia amygdalina (Shuwaka), Anogeissus leiocarpus (Marke), Garcinia
cola (Goro), Psidium guajava (Gwaba), Leptadania hastata (Yadiya) etc.
The antimicrobial investigation of some of these chewing stick plants has shown that some possess
antimicrobial activity against pathogenic bacteria and fungi. Thus, in addition to stimulation of the gum,
and removing food particles and debris from root crevices like conventional tooth-brushing does, some of
these chewing sticks, unlike many conventional toothpastes, also destroy oral microbes (Sofowora, 2006).
The anti-microbial activity of chewing stick plants is believed to be a property of their constituent
phytochemicals such as alkaloids, saponins, tannins, glycosides, anthraquinones, terpenes and terpenoids,
phenols and other phenolic compounds etc (Hooda et al., 2012; Ndukwe et al., 2005). Previous studies
have also demonstrated the antibacterial and anti-fungal activity of some of these chewing stick plants,
against some wild strains of oral bacteria and fungi such as Streptococcus mutans, Bacteriodes gingivalis,
and some oral anaerobes commonly implicated in dental caries and other orodental diseases (Ngonda et
al., 2012 and Alhussaini et al., 2015).
Studies of the antimicrobial activity of chewing stick plants have been justified by the prevailing need to
find alternative solutions to the phenomena of multi-drug resistance currently bedeviling the medical field
(Alimata et al., 2020, Kouidhi et al., 2015). It has been hypothesized that plant antimicrobials may inhibit
bacteria by a different mechanism than those used by conventional antibiotics, and thus may have clinical
value in the treatment of resistant microbial strains (Savoia, 2012), or serve as alternative therapeutic
options in clinical multi-drug resistance phenomena (Simões et al., 2009) and (Khameneh et al., 2019).
Beteck et al. (2014) infact reported that “in the treatment of chloroquine-resistant strains of Plasmodium,
the natural quinone obtained from Cinchona spp, is a more effective therapeutic option than many of the
synthetic anti-malarial agents in the market”.
Chewing sticks have been reported to possess anti-plaque activity comparable to conventional
toothbrushing (Hooda et al., 2012 and Chandra et al., 2018), and in some cases, give an even greater
mechanical and chemical cleansing of oral tissues and plaque removal (Malik et al., 2014).
There is thus a renewed ethno-pharmacological investigation of the medicinal properties of several types
of African and Asian chewing sticks (Ayanwuyi et al., 2010; David et al., 2010; Alimata et al., 2020 and
Shemishere et al., 2020).
Prosopis africana (Guill., Perrott. & Rich.) Taub, also known as the African mesquite and ‘Kirya’ in
Hausa is a small to large tree (4 – 20m in height) plant commonly used as a chewing stick in Northern and
many parts of Nigeria. The plant has a drooping foliage with an open crown and slightly rounded
buttresses; bark is very dark and scaly. Leaves are alternate and bipinnate with a rachis of about 10-15 cm
long with 3-6 pairs of opposite pinnae (5-8 cm long). The plant is native to inter-tropical Africa and
widespread throughout the Sudanean and Guinean ecozones, occurring from Senegal to Ethiopia reaching
the border of the Sahelian ecozones to the north (Orwa et al., 2009).
P. africana has also been reported to possess several medicinal uses, although its economic exploitation
for its wood value greatly overshadows its exploitation as a medicinal plant (N’Danikou et al., 2011). It
has been extensively exploited in the savannah region of West Africa, and has for this reason been
described as a threatened-specie that is rapidly disappearing from the savannah and Sahelian ecozones
(N’Danikou et al., 2011 and Abubakar et al., 2018).
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Almost all parts of P. africana are reported to be used in the traditional treatment of various diseases. The
stem bark is used as remedy for dysentery, gonorrhea, bronchitis, and skin diseases. In many parts of
Nigeria, the twigs, leaves, bark, and secondary roots are used for the treatment of typhoid fever, dental
decay, malaria as well as stomach cramps (Raji et al., 2019) and the root poultice is used in the
management of bronchitis, dermatitis, tooth decay, dysentery, malaria, stomach cramps, dental caries,
sore throat, toothache, tooth decay, and as a dressing for wounds (Muhammad & Shinkafi, 2007).
The major bioactive phytochemicals isolated from P. africana have been reported to include alkaloids,
saponins and tannins. Sandelier (1999) reported the isolation of the following alkaloids - prosopine,
prosopinone, prosopinine, (+)-prosophylline, isoprosopinine A, isoprosopinine B, prosafrine and
prosafrinine, from P. africana, while Karla (2008) reported the isolation of 5-hydroxytryptanine,
tryptamine, tyramine, prosopine, L-arabinose, and D-glucuronic acid from P. africana.
Aworinde et al. (2016) reported that P. africana root extract exhibited a strong antimicrobial activity
against Staphylococcus aureus, (with MIC at 20mg/ml), Pseudomonas aeruginosa and Klebsiella
pneumonia (with MIC at 50mg/ml). Atawodi & Ogunbusola (2010) also reported that extracts of P.
africana leaf and root showed strong in vitro anti-trypanosomal activity against Trypanosoma brucei
brucei, at concentrations of 2mg/ml.
The extracts of P. africana have also been reported to exhibit significant hepato-protective activity
against paracetamol-induced hepatotoxicity in experimental albino rats (Ojo et al., 2006), inhibited radial
mycelial growth and sclerotial formation in Macrophomina phaseolina (Elaigwu et al., 2018), showed a
significant inhibitory activity on the growth of Salmonella typii, Streptococcus pyogenes, Methicillin
Resistant Staphylococcus aureus (MRSA), K. pneumonia, P aeruginosa and Candida albicans, at MICs
ranging from 12.5mg/l to 50mg/ml (Aworinde et al., 2016; Raji et al., 2019).
METHODOLOGY
Collection and Preparation of Plant Materials
Plant materials were collected from Dutsinma environs and identified at the Herbarium of the Department
of Botany, Ahmadu Bello University Zaria, and issued with voucher number VN6908.
Extraction of plant materials was carried out as described by Adeiza et al. (2009) and Okwute & Ochi,
(2017) using sterile de-ionized distilled water and methanol as solvents. Each of the plant material
(leaves, stem and root barks) was separately cut into small pieces, shade dried at room temperature (32 –
35OC) until constant weight was obtained, and then separately pulverized to a fine powder with a
laboratory mortar and pestle and sieved with 20mm sieve British standard sieve, and thereafter placed into
appropriately labeled, air – tight bottles, prior to extraction procedures.
Phytochemical Screening
Phytochemical tests for alkaloids, tannins, flavonoids, saponins, glycosides, anthraquinones and
terpenoids were conducted using procedures described by Harborne (1998), Harris (2003) and Raji et al.
(2019).
Serial Doubling – Dilution
A stock solution of 50mg/ml of the extract was prepared by dissolving 5gm of the powdered extract in
100ml of sterile deionized distilled water and shaken until a homogenate solution was obtained. A 2 –
fold serial doubling dilution was thereafter prepared as follows. Four test tubes labeled ‘A’ – ‘D’ were
arranged on a rack with tube A containing 10ml of the 50mg/ml stock concentrate, and tube ‘B’ to ‘D’
containing 5ml of its extraction solvent (deionized distilled water or methyl alcohol) each. Starting with
tube ‘A’, 5mls each of the content of the tube was transferred from tube ‘A’ to ‘B’ and shaken, then ‘B’ to
‘C’ and ‘C’ to ‘D’, while 5ml from tube ‘D’ was taken and discarded. Each tube was however shaken
before its content was withdrawn. The procedure was repeated separately for the 9 aqueous and 9
methanolic extracts to obtain 5mls each of the four test concentrations (50mg/ml, 25mg/ml, 12.5mg/ml,
and 6.25mg/ml) of the aqueous and methanolic extract concentrates of the three test plants.
Collection of Bacterial Samples
The orodental pathogens used in this study (Streptococcus mutans, Staphylococcus aureus and
Escherichia coli) were clinical isolates collected from patients that presented periodontitis and/or dental
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caries at the dental unit of Katsina General Hospital Katsina and Turai Yar’Adua Maternity and
Children’s Hospital Katsina. A total of 68 samples were collected over a period of five weeks, using
sterile commercial swab sticks, which were thereafter dipped and shaken in sterile bijou bottles
containing peptone water, before to being transported to the laboratory as described by Cheesbrough
(2005) and Church (2016).
Culturing, Isolation, and Identification of Test Bacteria
A loopful of the microbial suspension from different samples was transferred onto separate sterile nutrient
agar plates and incubated at 37OC for 24hrs after which different morphological colonies were severally
sub-cultured onto fresh agar plates to get pure cultures, then observed for growth, gram staining and
identification according procedures described by Cheesbrough (2005) and Church (2016).
Identification of Escherichia coli
Colonies resembling those of E. coli (deep red colonies on McConkey agar that tested Gram negative)
were sub-cultured onto slanted nutrient agar plates for biochemical tests i.e. Indole, Methyl Red – Voges
Proskauer, Simmons’s citrate utilization, Urease tests and motility tests as described by Cheesbrough
(2005) and Church (2016).
Identification of Streptococcus mutans
Test bacteria were first cultured on Mitis – Salivarius agar. Colonies resembling those of S. mutans
(raised, convex, undulate, opaque, granular, and pale blue or whitish colonies), that had previously tested
gram – positive were sub-cultured on blood agar and observed for greenish color along streak line (α –
hemolysis), since S. mutans are α – hemolytic. The suspected colonies were then tested for catalase
activity as described by (Cheesbrough, 2005) and (Church, 2016). Identification for Streptococcus mutans
was confirmed by biochemical tests – mannitol and sorbitol fermentation and catalase test as described by
Cheesbrough (2005), Al-Jumaily et al. (2014) and Church (2016).
Identification of Staphylococcus aureus
Incubated culture plates were observed for colonies which tested gram positive and appeared yellow,
round, smooth, raised and glistening on Mannitol Salt Agar. Suspected colonies were sub-cultured onto
fresh nutrient agar plates and confirmatory biochemical tests for the presence of S. aureus was carried out
using catalase and coagulase tests as described by Cheesbrough (2005) and Church (2016).
Antibacterial Sensitivity Test
Antibacterial susceptibility testing was carried out by the ditch – plate method as described by Oseni
(2012) and CLSI (2015).
Twenty millilitres (20ml) of previously warmed Mueller Hinton media (prepared according to NCCLS
standards) was aseptically poured into 36 freshly autoclaved disposable polystyrene sterile Pyrex® petri
dishes (150 x 20mm) to give a mean depth of 4.00mm ± 0.5mm and left to gel at room temperature.
Twelve plates each, were inoculated with E. coli, S. mutans and S. aureus cultures (previously
standardized to 0.5 McFarland turbidity) using a sterile inoculation needle. For each inoculation, the
needle was swabbed over the entire surface of the Mueller Hinton Agar plate in a “zig – zag” pattern. The
procedure was repeated by swabbing two more times while rotating the plate approximately 60° to ensure
an even distribution of the inoculum.
Nine wells (1mm depth and 5mm diameter) were aseptically bored in each media plate, using a sterile
cork-borer (No 5) and labelled from the underside of the plate. Using Pasteur pipettes, 0.5ml of the four
test extract concentrations (50mg/ml, 25mg/ml, 12.5mg/ml and 6.25mg/ml) were aseptically dispensed
separately into eight peripheral wells. Half millilitre of control solutions (distilled water as negative
control, 10mg/ml of standard Chlorhexidine Gluconate - containing commercial toothpaste and 100µg/ml
Ciprofloxacin® antibiotic as positive controls) were dispensed into the central wells of three petri dishes
each as triplicates. The whole process was repeated for each set of test bacteria plates.
The plates were then allowed to pre-diffuse and thereafter incubated at 37OC for 24 hours. Each plate was
then examined for anti-bacterial activity as shown by the presence of a zone of inhibition around the
wells. The zone diameter of inhibition (ZI) for each well was measured to the nearest millimetre and
recorded. The activity index (AI) of all the extract types was measured as reported by Yolwin & Leysa
(2012) and Dasgupta et al. (2012) using the following formula:
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Where ‘maximum zone diameter of inhibition of positive control’ is taken as the maximum zone diameter
of inhibition of the Standard Chlorhexidine Gluconate – Containing Commercial Toothpaste.
By convention any zone of antibacterial inhibition for plant’s antimicrobial agents above a threshold of
12.00mm is accepted as significant (Bauer et al., 1966 and Chattopadhyay et al., 2009). Any Activity
index below 1.00 is also considered as being lower in antimicrobial activity than the reference positive
control, which in this study is standard Chlorhexidine Gluconate – containing commercial toothpaste.
Determination of Minimum Inhibitory Concentrations (MIC)
Minimum inhibitory concentrations (MICs) of the test extracts were determined using procedures
described by Anyanwu & Okoye (2017) and Setargie et al. (2019). MIC was determined for extracts that
showed significant activity (max ZI ≥12mm) against any of the test bacteria.
The 50mg/ml concentrate of each plant extract was diluted by a serial doubling dilution to obtain 10ml
each of seven test extract concentrations i.e. 50mg/ml, 25mg/ml, 12.5mg/ml, 6.25mg/ml, 3.125mg/ml,
1.563mg/ml, 0.781mg/ml and 0.391mg/ml, using nutrient broth as diluent. Seven tubes each containing
5ml of nutrient broth were placed on a rack and labeled ‘A’ – ‘G’. Starting with the 25mg/ml extract
concentration, 1ml of each extract concentration (25mg/ml to 0.391mg/ml) was added to a tube each.
One milliliter of broth culture previously standardized to 0.5 McFarland standard was thereafter
inoculated into each of the seven test tubes and shaken then incubated at 37OC for 24 - 48 hours. A
control tube was also inoculated with 1.0ml each of the extract and sterile nutrient broth only. The tube
with the lowest concentration showing no detectable turbidity (growth) when compared with the control,
was considered as the tube with the minimum inhibitory concentration (MIC) (Setargie et al., 2019).
Determination of Minimum Bactericidal Concentrations (MBC)
The minimum bactericidal concentration (MBC) of the test extracts were determined using procedures
described by (Setargie et al., 2019). Test tubes resulting from MIC test were first assayed, and a loopful
of each MIC tube was thereafter inoculated by streaking onto fresh sterile agar plate. The plates were
incubated at 37OC for 24 hours and observed for possible bacterial growth. The lowest concentration of
the sub-culture that shows no bacterial growth was considered as the minimum bactericidal concentration
(MBC) (Setargie et al., 2019).
RESULTS AND DISCUSSION
The phytochemical analysis of the aqueous and methanolic extracts of P. africana leaves, stem and root
bark, shows that both extraction types demonstrated the presence of all phytochemicals tested, except
anthraquinones, and alkaloids which were differentially demonstrated in the methanolic extracts (Table
1). This result agrees with the report of previous workers of the presence of phytochemicals in P. africana
extracts (Abdulmumin et al., 2019 and Raji et al., 2019).
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Table 1:
Phytochemical screening of aqueous and methanolic extracts of the leaves, stem, and root bark of Prosopis africana.
Compound
Carbohydrates
Glycosides
Cardiac Glycosides
Free Anthraquinones
Combined Anthraquinones
Saponins
Steroids
Triterpenes
Flavonoids
Tannins
Alkaloids

Leaves
+
+
+
+
+
+
+
-

Aqueous
Stem
+
+
+
+
+
+
+
+

Root
+
+
+
+
+
+
+
+

Leaves
+
+
+
+
+
+
+
+
+
+
+

Methanolic
Stem
+
+
+
+
+
+
+
+
+
+
+

Root
+
+
+
+
+
+
+
+
+
+

Key: L = leaves, S = Stem bark, R = Root bark, + = present, - = absent;

The results of the antibacterial susceptibility test shows that the crude aqueous and methanolic extracts of
P. africana demonstrated a concentration gradient antibacterial activity against orodental clinical isolates
of E. coli, S. mutans and S. aureus at concentrations between 6.25mg/ml to 50mg/ml. Although the
methanolic extracts (meanZI=15.57mm, maxZI=23mm, meanAI=1.15) showed slightly higher zone
diameters of inhibition, than the aqueous extract (meanZI=15.17mm, maxZI=22mm, meanAI=1.12),
statistical analysis showed no significant difference (p ≤ 0.01) between the two extract types in their
activity against the test pathogens (see Table 2 and Table 3).
Both stem bark (meanZI=15.50mm, maxZI=22.00mm, meanAI=1.15) and root bark (meanZI=17.31mm,
maxZI=23.00mm, meanAI=1.24) extracts demonstrated significantly (p ≤ 0.01) higher zone diameters of
inhibition and activity index, than the leaves extract (meanZI=13.88mm, maxZI= 22.00mm,
meanAI=1.03) against all three test bacteria (see Table 2 and Table 3).
The zone diameters of inhibition of the stem and root barks extracts, especially at 50mg/ml, 25mg/ml and
12.5mg/ml, as well as their activity index (AI) were also significantly (p ≤ 0.01) higher than that of the
standard chlorhexidine-gluconate containing commercial toothpaste control (meanZI=13.50mm,
maxZI=14mm, meanAI=1.00) (see Table 2 and Table 3).
S. aureus (meanZI = 16.76mm; maxZI = 23.00mm), and E. coli (meanZI = 15.28mm; maxZI = 21.00mm)
showed significantly (p ≤ 0.01) higher susceptibility than S. mutans (meanZI = 14.65mm; maxZI =
22.00mm) was the least susceptible to P. africana extracts (see Table 2 and Table 3).
These zone diameters of inhibition of P. africana extracts against E. coli, S. mutans, and S. aureus are
well within the range of zone diameters of inhibition reported by other workers (David et al., 2010; Ezike
et al., 2010; Akande & Ajao, 2011; Abdulmumin et al., 2019 and Raji et al., 2019).
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Table 2: Zone diameters of inhibition (ZI) and Antibacterial Activity Index (AI) of Aqueous and Methanolic Extracts of Leaves, Stem
and Root barks of P. africana against clinical strains of E. coli, S. mutans and S. aureus isolated from sub-gingival crevices
of periodontitis and dental caries patients in Katsina Hospitals
Zone Diameter of Inhibition (in mm)
Antibacterial Activity Index (AI)
Mean ZI
Max ZI
S.E.
Activity Index
S.E.
Aqueous
E. coli
14.67*
21.00
0.896
1.09
0.326
S. mutans
14.29*
21.00
0.763
1.06
0.278
S. aureus
16.54**
22.00
0.631
1.23
0.229
Mean
15.17**
21.33
0.763
1.12
0.286
Methanolic
E. coli
15.38**
21.00
0.849
1.14
0.309
14.42*
22.00
0.878
1.07
0.319
S. mutans
S. aureus
16.92**
23.00
0.568
1.25
0.206
Mean
15.57***
22.00
0.765
1.15
0.289
Leaves
E. coli
12.88ns
19.00
1.056
0.95
0.314
S. mutans
12.50ns
18.00
0.944
0.93
0.280
S. aureus
16.25**
22.00
0.674
1.20
0.200
13.88ns
19.67
0.891
1.03
0.292
Mean
Stem Bark
E. coli
15.31**
21.00
1.106
1.13
0.329
S. mutans
14.56*
21.00
1.000
1.08
0.297
S. aureus
16.63**
22.00
0.735
1.23
0.217
Mean
15.50**
21.33
0.947
1.15
0.286
Root Bark
E. coli
16.88**
21.00
0.806
1.25
0.239
16.00**
22.00
0.899
1.18
0.268
S. mutans
S. aureus
17.31**
23.00
0.794
1.28
0.235
Mean
16.73**
22.00
0.833
1.24
0.246
50mg/ml
E. coli
18.75**
21.00
0.719
1.39
0.186
S. mutans
18.25**
22.00
0.740
1.35
0.191
S. aureus
20.08**
23.00
0.514
1.49
0.132
19.03**
22.00
0.658
1.41
0.177
Mean
25mg/ml
E. coli
16.50**
20.00
0.925
1.22
0.238
S. mutans
15.58**
20.00
0.830
1.15
0.214
S. aureus
17.83**
20.00
0.345
1.32
0.087
Mean
16.64**
20.00
0.700
1.23
0.199
12.5mg/ml
E. coli
13.92ns
18.00
1.018
1.03
0.262
13.50ns
18.00
0.883
1.00
0.226
S. mutans
S. aureus
16.00**
18.00
0.246
1.19
0.063
Mean
14.47*
18.00
0.716
1.07
0.214
6.25mg/ml
E. coli
10.92ns
15.00
0.949
0.81
0.244
S. mutans
10.08ns
13.00
0.633
0.74
0.161
S. aureus
13.00ns
13.00
0.369
0.96
0.095
11.33ns
13.67
0.651
0.84
0.196
Mean
Distilled Water
E. coli
5.00ns
5.00
0.000
0.37
0.000
S. mutans
5.00ns
5.00
0.000
0.37
0.000
S. aureus
5.00ns
5.00
0.000
0.37
0.000
Mean
5.00ns
5.00
0.000
0.37
0.000
Standard Toothpaste
E. coli
13.50ns
14.00
0.500
1.00
0.057
13.50ns
14.00
0.500
1.00
0.057
S. mutans
S. aureus
13.50ns
14.00
0.500
1.00
0.057
Mean
13.50ns
14.00
0.500
1.00
0.044
Standard Antibiotic
E. coli
33.50**
34.00
0.500
2.48
0.057
S. mutans
32.50**
33.00
0.500
2.41
0.049
S. aureus
32.50**
33.00
0.500
2.41
0.049
32.83**
33.33
0.500
2.43
0.056
Mean
15.28
21.00
0.500
1.13
0.424
Pathogen
E. coli
S. mutans
14.65
22.00
0.500
1.08
0.404
S. aureus
16.76
23.00
0.500
1.24
0.351
Mean
15.56
22.00
0.500
1.15
0.397
13 (measured relative to the activity of the standard toothpaste
KEY: S.E = Standard error of the mean; AI = Antibacterial Activity Index
control); ** = mean ZI is significantly higher than that of toothpaste control at p ≤ 0.01; * = mean ZI is significantly higher than
the toothpaste control at p ≤ 0.05; NS = mean ZI is not significantly higher than the toothpaste control at p ≤ 0.05.
Variable
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In general, the mean antibacterial activity index of the methanolic extracts were higher than that of the
aqueous extracts for S. mutans (meanAI aqueous =1.06, meanAI methanolic =1.07), E. coli (meanAI
aqueous =1.09, meanAI methanolic =1.14) and for S. aureus (meanAI aqueous =1.23, meanAI methanolic
=1.25). This result supports the findings of Nden et al. (2019) and Alimata et al. (2020) that reported
higher zones of inhibition and lower MICs for methanolic extract of P. africana than its aqueous extract.
In comparison, the standard antibiotic control (Ciprofloxacin®) at 10mg/ml showed the highest
antimicrobial activity index (AI = 2.46), about 146% times more than the activity index of the standard
toothpaste (AI = 1.00).
Similarly, at 50mg/ml and 25mg/ml the zone diameter of inhibition shown by all extracts of P. africana
were significantly (P ≤ 0.05) higher than that shown by the standard chlorohexidine gluconate-containing
toothpaste control, but the zone diameter of inhibition shown by the standard antibiotic control against all
the three test bacteria is significantly (P ≤ 0.01) higher than those shown by all extracts of P. africana
(Table 3).
Table 3: SPSS® Univariate ANOVA for mean zones of inhibition of Aqueous and Methanolic extracts of P. africana leaves, stem and
root bark, against clinical isolates of E. coli, S. mutans and S. aureus isolated from sub-gingival crevices of periodontitis and
dental caries patients in Katsina Hospitals.
Source
Type III Sum of Squares
Part
196.764
Extract
5.840
Pathogen
144.056
Concentration
1155.243
Error
503.500
Total
36147.000
Corrected Total
2137.493
a. R Squared = .764 (Adjusted R Squared = .532)

df
2
1
2
3
72
144
143

Mean Square
98.382
5.840
72.028
385.081
6.993

F
14.069
.835
10.300
55.066

Sig.
.000
.364
.000
.000

MIC and MBC tests showed that all the leaves, root bark (lowest MIC = 0.391mg/ml, lowest MBC =
0.781mg/ml), and aqueous stem extracts (lowest MIC = 0.3911mg/ml, lowest MBC = 1.563mg/ml)
demonstrated their lowest MIC and MBC on S. aureus, while the methanolic stem extract (lowest MIC =
0.391mg/ml, lowest MBC = 0.781mg/ml) demonstrated its lowest MIC and MBC on E. coli. The aqueous
root extract (lowest MIC = 0.391mg/ml, lowest MBC = 0.781mg/ml) however also shows lower MIC and
MBC on both S. mutans (Table 4).
These results are also within the range of zone diameters of inhibition, MICs and MBCs of P. africana
extracts reported by other workers (David et al., 2010; Ezike et al., 2010; Akande & Ajao, 2011; Ajiboye
et al., 2013; Aworinde et al., 2016; Abdulmumin et al., 2019 and Alimata et al., 2020).
Table 4: Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) of P. africana, against clinical
strains of E. coli, S. mutans and S. aureus isolated from patients that presented periodontal diseases at Katsina General
Hospital and Umaru Musa Yar’adua Children and Maternity Hospital Katsina.
Extract
Aqueous Leaf

MIC/MBC
E. coli
S. mutans
MIC
1.563mg/ml
3.125mg/ml
MBC
3.125mg/ml
6.250mg/ml
Methanolic Leaf
MIC
0.781mg/ml
0.781mg/ml
MBC
3.125mg/ml
1.563mg/ml
Aqueous Stem
MIC
0.781mg/ml
0.781mg/ml
MBC
1.563mg/ml
1.563mg/ml
Methanolic Stem
MIC
0.391mg/ml
1.563mg/ml
MBC
0.781mg/ml
3.125mg/ml
Aqueous Root
MIC
0.781mg/ml
0.391mg/ml
MBC
3.125mg/ml
0.781mg/ml
Methanolic Root
MIC
0.781mg/ml
0.781mg/ml
MBC
1.563mg/ml
1.563mg/ml
KEY: MIC = Minimum Inhibitory Concentration; MBC = Minimum Bactericidal Concentration
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S. aureus
0.781mg/ml
1.563mg/ml
0.391mg/ml
0.781mg/ml
0.391mg/ml
1.563mg/ml
0.391mg/ml
1.563mg/ml
0.391mg/ml
0.781mg/ml
0.391mg/ml
0.781mg/ml
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CONCLUSION
The findings from this study have shown that the aqueous and methanolic extracts of the leaves, stem
bark and root of P. africana commonly used in Northern Nigeria as chewing stick, has shown an
antimicrobial activity against clinical strains of E. coli, S. mutans and S. aureus isolated from sub –
gingival crevices of patients that presented periodontitis and dental caries at two hospitals in Katsina,
Katsina State Nigeria. The chewing stick plant has demonstrated MICs and MBCs as low as 0.391mg/ml
and 0.781mg/ml respectively, against the three clinical strains of E. coli, S. mutans and S. aureus.
RECOMMENDATIONS
This result indicates the potentials of P. africana for use in chemotherapeutic management and treatment
of orodental infections and as antimicrobial additive to commercial toothpaste formulations.
Given also, the large repository of ethnobotanical information on medicinal plants available with herbal
medical practitioners, there is the need for a coherent well – planned policy on traditional medical
practice, so as to make available this information, to enable its harnessing in the hunt for antimicrobial
prototype principals. This is especially because of the myriad of problems associated herbal medical
practice, which include, but are not limited to toxic overdose, mis – diagnosis, fetishes etc.
REFERENCES
Abdulmumin, A. R., Kassim, Z. J., Muhammad, I. L., Mohammed, S. B., & Ya’aba, Y. (2019).
Antimicrobial Potency and Bioactive Ingredients of Different Extracts of Prosopis africana
against Some Selected Human Pathogenic Microbes: An In-vitro Approach. Journal of
Complementary
and
Alternative
Medical
Research,
1–9.
https://doi.org/10.9734/jocamr/2019/v8i130112
Abubakar, U. S., Khalifa, B. I., Abdu, F., Sanusi, M., Gawuna, T. A., Adamu, J. G., & Rogo, S. S. (2018).
Threatened medicinal plants of Kano Flora and the need for urgent conservation. International
Journal of Conservation Science, 9(1), 173–178.
Adeiza, A. A., Maikai, V. A., & Hassan, F. B. (2009). Phytochemical screening and evaluation of some
medicinal plants for their in vitro activities on Trypanosoma evansi. Journal of Medicinal Plants
Research, 3(4), 315–318.
Ajiboye, A. A., Agboola, D. A., Fadimu, O. Y., & Afolabi, A. O. (2013). Antibacterial, Phytochemical
and Proximate Analysis of Prosopis africana (Linn) Seed and Pod Extract. FUTA Journal of
Research in Sciences, 9(1), 101–109. https://doi.org/ISSN: 2315-8239
Akande, T. A., & Ajao, A. T. (2011). Chemotherapeutic Values of Four Nigerian Chewing Sticks on
Bacteria Isolates of Dental Infection. Global Journal of Science Frontier Research, 11(8), 90–
95.
Alhussaini, M. S., Saadabi, A. M., & Ibrahim, K. E. (2015). An evaluation of the antimicrobial activity of
Commiphora myrrha Nees (Engl.) oleo-gum resins from Saudi Arabia. Journal of Medical
Sciences (Faisalabad), 15(4), 198–203. https://doi.org/10.3923/jms.2015.198.203
Alimata, B., Dofini, M. R., Souleymane, C., Eli, C., Noufou, O., Seydou, S. D., Hassanata, M., & Martin,
K. (2020). The Ethnobotanical Survey, Antibacterial Activity and Phytochemical Screening of
Extracts of Prosopis africana (Guill. & Perr.) Taub. European Journal of Medicinal Plants, 1,
39–47. https://doi.org/10.9734/ejmp/2020/v31i330221
Al-jumaily, E. F. A., Al-seubehawy, H. M. Z., & Al-toraihy, F. A. (2014). Original Research Article
Isolation and Identification of Streptococcus mutans (H5) produced glucosyltransferase and
cell-associated glucosyltransferase isolated from dental caries. In International Journal of
Current Microbiology and Applied Sciences (Vol. 3, Issue 6).
al-Otaibi, M. (2004). The miswak (chewing stick) and oral health. Studies on oral hygiene practices of
urban Saudi Arabians. Swedish Dental Journal. Supplement, 167, 2–75.
Andrews, J. M. (2006). Determination of Minimum Inhibitory Concentrations. In Determination of
Minimum Inhibitory Concentrations (Issue March, pp. 1–19). Department of Microbiology, City
Hospital NHS Trust Birmingham B18 7QH.
15

Abdullahi & Kabir .….. .. Int. J. Innovative Med. & Med. Plants Res. 9(3):7-18, 2021
Anyanwu, M. U., & Okoye, R. C. (2017). Antimicrobial activity of Nigerian medicinal plants. Journal of
Intercultural Ethnopharmacology, 6(2), 240–259. https://doi.org/10.5455/jice.20170106073231
Atawodi, S., & Ogunbusola, F. (2010). Evaluation of Anti-trypanosomal Properties of Four Extracts of
Leaves, Stem and Root Barks of Prosopis africana in Laboratory Animals. Biokemistri, 21(2).
https://doi.org/10.4314/biokem.v21i2.56478
Aworinde, D., Erinoso, S., & IbukunOluwa, M. (2016). Mineral compositions, phytochemical
constituents and in vitro antimicrobial screening of some chewing sticks from Ibadan, Southwestern
Nigeria.
Journal
of
Applied
Biosciences,
101(1.3),
9589–9597.
https://doi.org/http://dx.doi.org/10.4314/jab.v101i1.3
Ayanwuyi, L. O., Yaro, A. H., & Abodunde, O. M. (2010). Analgesic and anti-inflammatory effects of
the methanol stem bark extract of Prosopis africana. Pharmaceutical Biology, 48(3), 296–299.
https://doi.org/10.3109/13880200903121006
Bauer, A. W., Kirby, W. M., Sherris, J. C., & Turck, M. (1966). Antibiotic susceptibility testing by a
standardized single disk method. American Journal of Clinical Pathology, 45(4), 493–496.
https://doi.org/10.1093/ajcp/45.4_ts.493
Beteck, R. M., Smit, F. J., Haynes, R. K., & N’Da, D. D. (2014). Recent progress in the development of
anti-malarial quinolones. BMC - Malaria Journal, 13(Article 339), 13–17.
https://doi.org/https://doi.org/10.1186/1475-2875-13-339
Chandra, A., Sharma, V. K., Kaur, N., Agnihotri, A., Bhardwaj, P., & Shukla, A. K. (2018). Gingival
Health and Plaque Removal Assessment by Neem Stick and Toothbrush: A Comparative Study.
Int J Med Res Prof, 4(5), 198–202.
Chattopadhyay, R. R., Bhattacharyya, S. K., Medda, C., Chanda, S., & Bag, A. (2009). A comparative
evaluation of antibacterial potential of some plants used in Indian traditional medicine for the
treatment of microbial infections. Brazilian Archives of Biology and Technology, 52(5), 1123–
1128. https://doi.org/10.1590/S1516-89132009000500009
Cheesbrough, M. (2005). District laboratory practice in tropical countries. In District Laboratory Practice
in Tropical Countries. Cambridge university press. https://doi.org/10.1017/CBO9780511581304
Church, D. L. (2016). Biochemical tests for the identification of aerobic bacteria. In Clinical
Microbiology Procedures Handbook, Fourth Edition (pp. 3–17). American Society of
Microbiology.
CLSI. (2015). M100S Performance Standards for Antimicrobial (CLSI) 26th Edition (D. Jean B. Patel,
PhD, M. Franklin R. Cockerill III, M. George M. Eliopoulos, F. Stephen G. Jenkins, PhD,
D(ABMM), P. James S. Lewis II, P. Brandi Limbago, F. David P. Nicolau, PharmD, FCCP, M.
Robin Patel, Frcp. Mair Powell, MD, FRCP, D. Sandra S. Richter, MD, Mms. Jana M.
Swenson, M. Maria M. Traczewski, BS, M. John D. Turnidge, M. Melvin P. Weinstein, & P.
Barbara L. Zimmer, Eds.). Clinical and Laboratory Standards Institute.
Dasgupta, N., Ranjan, S., Saha, P., Jain, R., Malhotra, S., & Arabi Mohamed Saleh, M. A. (2012).
Antibacterial activity of leaf extract of Mexican marigold (Tagetes erecta) against different
gram positive and gram-negative bacterial strains. Journal of Pharmacy Research, 5(8), 4201–
4203.
David, O. M., Famurewa, O., & Olawale, A. K. (2010). In vitro assessment of aqueous and ethanolic
extracts of some Nigerian chewing sticks on bacteria associated with dental infections. African
Journal of Microbiology Research, 4(19), 1949–1953.
Elaigwu, M., Oluma, H. O. A., & Amana, O. (2018). Phytochemical and Antifungal Activity of Leaf
Extracts of Prosopis africana and Anacardium occidentale against Macrophomina Root Rot of
Sesamum indicum L in Benue State, Central Nigeria. Journal of Geoscience and Environment
Protection, 6(7), 66–76. https://doi.org/10.4236/gep.2018.67005
Ezike, A. C., Akah, P. A., Okoli, C. O., Udegbunam, S., Okwume, N., Okeke, C., & Iloani, O. (2010).
Medicinal plants used in wound care: A study of Prosopis africana (Fabaceae) stem bark.
Indian Journal of Pharmaceutical Sciences, 72(3), 334–339. https://doi.org/10.4103/0250474X.70479
16

Abdullahi & Kabir .….. .. Int. J. Innovative Med. & Med. Plants Res. 9(3):7-18, 2021
Harborne, A. J. (1998). Phytochemical methods a guide to modern techniques of plant analysis. springer
science & business media.
Harris, R. (2003). Trease and Evans’ pharmacognosy. In International Journal of Aromatherapy (Vol. 13,
Issue 1). https://doi.org/10.1016/s0962-4562(03)00051-1
Hooda, A., Rathee, M., & Singh, J. (2012). Chewing Sticks in The Era of Toothbrush: A Review. The
Internet Journal of Family Practice, 9(2), 12–18. https://doi.org/10.5580/795
Karla, K. (2008). Ethnobotany of Two Contrasting American Ecosystems.
Khameneh, B., Iranshahy, M., Soheili, V., & Fazly Bazzaz, B. S. (2019). Review on plant antimicrobials:
A mechanistic viewpoint. Antimicrobial Resistance and Infection Control, 8(1), 1–28.
https://doi.org/10.1186/s13756-019-0559-6
Kouidhi, B., Al Qurashi, Y. M. A., & Chaieb, K. (2015). Drug resistance of bacterial dental biofilm and
the potential use of natural compounds as alternative for prevention and treatment. Microbial
Pathogenesis, 80, 39–49. https://doi.org/10.1016/j.micpath.2015.02.007
Malik, A. S., Shaukat, M. S., Qureshi, A. A., & Abdur, R. (2014). Comparative effectiveness of chewing
stick and toothbrush: A randomized clinical trial. North American Journal of Medical Sciences,
6(7), 333–337. https://doi.org/10.4103/1947-2714.136916
Muhammad, S., & Shinkafi, M. A. (2007). In-Vitro Activity of the Extracts of Some Nigerian Plants used
as Chewing Sticks on Human Odontopathogens. International Journal of Pure and Applied
Sciences, 1(2), 25–31.
N’Danikou, S., Achigan-Dako, E. G., & Wong, J. L. G. (2011). Eliciting Local Values of Wild Edible
Plants in Southern Bénin to Identify Priority Species for Conservation1. Economic Botany,
65(4), 381–395. https://doi.org/10.1007/s12231-011-9178-8
Nden, P. H. (2019). An analysis of the antimicrobial and antibiofilm properties of Uvaria chamae and
Prosopis
africana
[Coventry
University].
https://pureportal.coventry.ac.uk/en/studentTheses/could-traditional-african-herbal-remedies-bea-source-of-novel-an
Ndukwe, K. C., Okeke, I. N., Lamikanra, A., Adesina, S. K., & Aboderin, O. (2005). Antibacterial
activity of aqueous extracts of selected chewing sticks. Journal of Contemporary Dental
Practice, 6(3), 86–94. https://doi.org/10.5005/jcdp-6-3-86
Ngonda, F., Magombo, Z., Mpeketula, P., & Mwatseteza, J. (2012). Evaluation of malawian Vernonia
glabra (Steetz)Vatke leaf and Securidaca longepedunculata (Fresen) root extracts for
antimicrobial activities. Journal of Applied Pharmaceutical Science, 2(11), 26–33.
https://doi.org/10.7324/JAPS.2012.21106
Niazi, F., Naseem, M., Khurshid, Z., Zafar, M. S., & Almas, K. (2016). Role of Salvadora persica
chewing stick (miswak): A natural toothbrush for holistic oral health. European Journal of
Dentistry, 10(2), 301–308. https://doi.org/10.4103/1305-7456.178297
Ojo, O. O., Nadro, M. S., & Tella, I. O. (2006). Protection of rats by extracts of some common Nigerian
trees against acetaminophen-induced hepatotoxicity. African Journal of Biotechnology, 5(9),
755–760. https://doi.org/10.4314/ajb.v5i9.42799
Okwute, S. K., & Ochi, I. O. (2017). Phytochemical analysis and cytotoxic activity of the root extract of
Commiphora africana (Caesalpiniaceae). Journal of Pharmacognosy and Phytochemistry, 6(6),
451–454.
Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., & Simons, A. (2009). Agroforestree Database: a tree
reference and selection guide. Version 4. Agroforestree Database: A Tree Reference and
Selection Guide. Version 4.
Oseni, L. A. (2012). A comparative evaluation of in vitro growth inhibitory activities of different solvent
extracts of some medicinal plants in Northern Ghana against selected human pathogens. IOSR
Journal of Pharmacy (IOSRPHR), 2(2), 199–206. https://doi.org/10.9790/3013-0220199206
Raji, A. A., Jummai, K. Z., Busu, M. S., Ya’aba, Y., & Kolo, I. (2019). In-vitro Antimicrobial
Susceptibility and Phytochemical Constituents of Methanol Leaf Extract of Prosopis africana
17

Abdullahi & Kabir .….. .. Int. J. Innovative Med. & Med. Plants Res. 9(3):7-18, 2021
against Some Selected Microorganisms. Journal of Advances in Microbiology, 18(1), 1–8.
https://doi.org/10.9734/JAMB/2019/v18i130156
Sandelier, M. J. (1999). (+)-Desoxoprosopinine: A Model for the Total Asymmetric Synthesis of Prosopis
Alkaloids. Department of Chemistry, North Carolina State University, Raleigh.
Savoia, D. (2012). Plant-derived antimicrobial compounds: alternatives to antibiotics. Future
Microbiology, 7(8), 979–990. https://doi.org/10.2217/FMB.12.68
Setargie, A., Tilahun, S., & Alemayehu, S. (2019). Antimicrobial Activity of Indigenous Chewing Stick
Salvadora persica against Oral Pathogens. Journal of Academia and Industrial Research, 8(5),
85–88.
Shemishere, U. B., Anyebe, D. A., Bashir, Y. A., John, E., Ifie, J., & Yahaya, T. O. (2020).
Phytochemical screening and free Radical Scavenging activities of methanol leaf and flower
extract of Securidaca longipedunculata. FJS FUDMA Journal of Sciences (FJS, 4(1), 37–42.
Simões, M., Bennett, R. N., & Rosa, E. A. S. (2009). Understanding antimicrobial activities of
phytochemicals against multidrug resistant bacteria and biofilms. Natural Product Reports,
26(6), 746–757. https://doi.org/10.1039/b821648g
Sofowora, A. (2006). Medicinal Plants and Traditional medicine in Africa. Spectrum Books Ltd.
Yolwin, J. P., & Leysa, M. (2012). Phytochemical Screening and Antibacterial Acitivity of Bougainvillea
Glabra Plant Extract as Potential Sources of Antibacterial and Resistance-modifying Agents.
International Proceedings of Chemical, Biological and Environmental Engineering, 32(1), 12–
16. https://doi.org/10.7763/IPCBEE

18

