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The study on antibacterial activity of the extracts of the leaf, stem bark and roots of Piliostigma 
thonningii (Schum) Milne-Redh (Ceasapinaceae) (an underexploited plant in Nigeria) at 25 mg/cm

3 
each 

using agar diffusion method, was carried out. The samples were collected from Gidan Kwano Campus 
of Federal University of Technology, Minna (North Central Nigeria). The extracts of these parts exhibited 
appreciable activities against the test organisms: Staphylococcus aureus, Bacillus subtilis, 
Pseudomonas aeruginosa, Streptococcus pyogene, Proteus vulgaris, Salmonella typhi and Escherichia 
coli. The results obtained in this study corroborated the local medicinal applications of the plant by 
traditional practitioners in this part of the country. 
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INTRODUCTION 
 
Generally, persistent contamination of media by patho-
genic microorganisms leads to various disease conditions 
in human life and in recent years, the antimicrobial 
efficacy of many plant extracts and metals has been 
investigated against microorganisms including 
Staphylococcus aureus, Klebsiella spp., Escherichial coli, 
Klebsiella spp., Streptococcus pyogene, Bacillus subtilis 
and Pseudomonas aeruginosa (Harris et al., 2002; Kone 
et al., 2004; Drevensek et al., 2006; Jigna and Sumitra, 
2007). 

B. subtilis, a ubiquitous rod shaped peritrichous Gram-
positive bacterium commonly found in water, soil, air and 
decomposing plant residues (Ashlea et al., 2008), is used 
in fermentation processes although it has been reported 
to produce an extracellular toxin (subtilism) which causes  

allergic reactions in individuals repeatedly exposed to it 
(EPA, 1997). Proteus vulgaris on the other hand, is a 
peritrichous Gram-negative bacillus of the family 
Enterobacteriaceae which inhabits the intestinal tracts of 
humans and animals. It is found in soil, water and faecal 
matters especially those of patients with compromised 
immune systems. It is a multidrug resistant bacterium that 
causes urinary and wound infections (Yu et al., 2011). P. 
aeruginosa is a Gram-negative aerobic rod shaped bac-
terium found in soil, water, skin, flora and most man-
made environments (Stojek et al., 2008; Philip et al., 
2009). It causes diseases like endocarditis, bacteremia, 
central nervous system, eye, ear, bone and joint infec-
tions. Salmonella typhi on the other hand, is a Gram-
negative microbe that causes typhoid fever, a disease 

  
*Corresponding author. E-mail: jimohtijani@futminna.edu.ng. 



5412         Afr. J. Microbiol. Res. 
 
 
 
that affects over 16 million people in the world annually 
(Shangkuan and Lin, 1998; Parkhill et al., 2001; Ganai et 
al., 2009). It is a multiple drugs resistant bacterium 
(Cristina and Claudia, 1994). S. aureus is a Gram-posi-
tive non-spore forming facultative anaerobic bacterium 
that has high multidrug resistance (Harris et al., 2002; 
Waters et al., 2011). It has been responsible for causing 
skin and soft tissue, blood and cardiovascular system 
diseases. Also, E. coli commonly found in the lower intes-
tine of warm blooded organisms is also a gram-negative 
facultative anaerobic bacterium. It causes uncomplicated 
infections of the urinary tract (Gabriela et al., 2011) while 
Klebsiella pneumonia is a Gram-negative, non-motile, 
encapsulated rod-shaped bacterium of the family Entero-
bacteriaceae which induces septicemia, pneumonia, 
pneumococcal meningitis and peritonitis (Podschun and 
Ullmann, 1998) whereas Streptococcus pyogene is res-
ponsible for many childhood diseases (Fox and Rohovsky, 
1975; CWB Info.com, 1999; Clark, 2000; CDC, 2006; 
Microbiology Bytes, 2007). 

Metals play a wide variety of roles in biological systems 
acting as cofactors in enzymes and as components of 
drugs for the treatment of various diseases and condi-
tions (Piedad et al., 2008). It is in this wise that iron plays 
a key role in the lives of living organisms and a metal that 
is required for their growth in addition to the critical role it 
plays in the pathogenesis of infections (Yukihiro et al., 
2007). Iron is therefore, used either singly or in combina-
tion to combat pathogenic microbial growth in media 
(Saeed and Farshid, 2008; Scott et al., 2009; Joshi et al., 
2011). Studies on the use of various forms of copper as 
an antimicrobial agent either as a single entity or in com-
bination with other metals or chemical substances have 
been reported (Yu-Sen et al., 1996; Copper Development 
Association, 2004; Aisha, 2005; Jayesh et al., 2008; 
Wheeldon et al., 2008). In these forms, it plays significant 
role in improving public health functioning at low concen-
trations as a bacteriostat, fungicide, antivirus, antimould, 
antialgae in drinking water and wood preservative (Mike 
and Craig, 2008; Rabin et al., 2010). It is also one of the 
relatively small groups of metallic elements essential to 
human health which is required in trace amounts for the 
growth and functioning of organisms (Rabin et al., 2010). 
In addition, magnesium is required for the growth of orga-
nisms apart from the fact that it plays an important role in 
the pathogenesis of infections. Thus, magnesium and 
most especially its compounds or complexes are em-
ployed in chemotherapy for the control of microorganisms 
(Drevensek et al., 2006; Lellouche et al., 2011). Chro-
mium is a heavy metal that plays a key role in the micro-
bial activity of plant extracts by making these phytoche-
micals unavailable for antimicrobial activities (Ata-Ullah et 
al., 2011). At certain concentrations however, this metal 
could also act as an antimicrobial agent. Zinc plays a key 
role in the lives of living organisms and is a metal that is 
required for their growth. It occurs in small amounts in 
almost all igneous rocks with its principal ores being sul- 

 
 
 
 
phides like sphalerite and wurtzite. However, taking too 
much of this metal into the body affects human health. 
This is because it binds to particulate matter and its 
soluble species are readily available for biological reac-
tions thus making the metal a very toxic one. Therefore, 
this metal also plays a vital role either alone or in its 
combined forms in the pathogenesis of infections. 

Numerous studies have shown that medicinal plants 
are the oldest health care products with proven efficacy 
serving as the basic components of several hard drugs, 
analgesics, anaesthetics, antibiotics, anti-cancer, anti-pa-
rasitic, anti-inflammatory, oral contraceptives and diuretic 
drugs (Sofowora, 1982; WHO, 1995). It has also been 
shown that 80% of world’s populations rely entirely on 
local medicine made almost exclusively from plants espe-
cially in developing countries like Nigeria where multiple 
drugs resistance to several orthodox antibiotics is being 
experienced (WHO, 1995; Akinpelu et al., 2000; Saidu et 
al., 2000; Adiaratou et al., 2005). For instance, Abrus 
precatorius L. which belongs to the family Fabaceae, has 
been reported to be used for the treatment of cough, 
convulsion, rheumantism and as a labour inducer while 
the fruits and leaves of Aframomum melegueta K. Schum 
of the family Zingiberaceae are used for the treatment of 
catarrh, small and chicken poxes (Ige, 2011). Further-
more, plants such as Amaranthus spinosus and Annona 
senegalensis Pers are used for the treatment of piles, 
abdominal pains and snake bites (Ige, 2011). Also, the 
use of Allium sativum to reduce the cholesterol levels and 
boost the immune system of the human body has been 
reported (Oyeleke et al., 2008), while ginger and garlic 
have been reported to have inhibitory effects on the 
growth of coliform bacteria as well as E. coli, Proteus 
vulgaris, S. aureus and Salmonella spp. (Kennedy et al., 
2007). 

Piliostigma thonningii (Schum) Milne-Redh 
(Ceasalpinaceae) is found growing abundantly as a wild 
uncultivated small tree in many parts of Nigeria such as 
Minna, Zaria, Bauchi, Ilorin, Plateau, Lagos and Abeokuta 
(Keay, 1989). It is a leguminous plant belonging to the 
family Caesalpinaceae, a family that comprises trees and 
shrubs. Our attention was drawn to this plant because of 
several claims on its enormous applications as an ethno-
medicinal plant used to cure several diseases including 
the common malaria, dysentry, fever, infectious respira-
tory ailment, snake bite, hookworm, hepatobiliary ailments, 
hydropsy, sterility, rachitis and skin diseases (Tira-Picos 
et al., 2010). 

Although, several countries have already recognized 
the importance of traditional medical applications in their 
health care delivery systems (WHO, 1995), traditional 
healers in Nigeria have not yet been given the position 
they deserve despite the fact that a large proportion of 
the population still rely heavily on traditional practitioners, 
including traditional birth attendants (where traditional 
birth attendants assist up to 95% of all rural birth), herba-
lists, bonesetters and a host of local medicinal plants to



 
 
 
 
satisfy their primary health care needs. These different 
parts of this plant in order to establish or otherwise de-
bunk the medicinal values of P. thonningii.  
 
 
MATERIALS AND METHODS 
 
Fresh samples of the leaves, roots and stem barks of the plant were 
randomly taken from the premises of Gidan Kwano Campus of the 
Federal University of Technology, Minna, Niger State, Nigeria. This 
plant in the area is found growing freely as a wild small tree. 
Samples of the root, stem bark and leaves of the plant were 
collected in three batches between the months of May and July, 
2011 and the plant was identified by Professor Z. I. E. Ezenwa of 
the School of Agriculture and Agricultural Technology, Department 
of Soil Science, Federal University of Technology, Minna, Nigeria. 
After sampling, the samples were taken to the laboratory, detached 
from the twigs, carefully sponged with water containing little deter-
gent and well rinsed with deionized water to remove the surface 
contaminants. They were then dried at ambient temperature in the 
laboratory to avoid heat destruction of the active components of the 
samples. The dried samples were ground into study explored the 
antibacterial activities of extracts from fine powder by pounding 
mechanically with clean sterile pestle and mortar to increase the 
surface area. The ground samples were kept in airtight polyethene 
bags for further use. When required, the dried ground samples 
were extracted with four different solvents namely water, petroleum 
ether, chloroform and methanol. Each sample was separately 
extracted by using the solvents in turn. 150 g of the powdered 
sample (in one extraction) was put in a thimble which and intro-
duced into a soxhlet extractor and refluxed for several hours. At the 
end of all extractions, 9 petroleum ether, 6 methanolic, 3 each of 
the cold maceration and boiled aqueous extracts of the roots, stem 
bark and leaves were obtained, respectively. The solvent of each 
extract was evaporated on the water bath and the residues, after 
cooling, were covered with aluminium foils for subsequent analysis. 
 
 

Phytochemical analysis  
 

The crude extracts of the samples were analyzed for their phyto-
chemical constituents using standard methods described by Evans 
and Trease (1989), Sofowora (1982) and Sofowora (1986). 
 
 
Antimicrobial analysis 
 
Microorganisms 
 
Antibacterial activity of the obtained plant extracts was evaluated 
against S. pyogene, P. aeruginosa, S. typhi, S. aureus, E. coli, 
Klebsiella spp., P. vulgaris and B. subtilis using agar diffusion 
method. The strains were obtained from the Department of Micro-
biology, School of Science and Science Education, Federal Uni-
versity of Technology, Minna, Nigeria and were cultured on a 
nutrient agar. After activation from stock culture, microorganisms 
were maintained in the nutrient broth until required for use. Cultures 
were prepared by growing the strains at 37°C for 24 h in the agar 
broth and repeatedly sub-cultured in order to obtain pure isolates. 
These were then Gram stained for proper identification and inocu-
lated into agar slants and stored at 40°C for further use. Before use, 
each of the test organisms was seeded into 25 cm3 of the nutrient 
agar to produce a culture whose turbidity was 0.5 on the McFarland 
scale corresponding to a concentration of 1.0 × 108 colony forming 
units per cm3 (Saeed and Farshid, 2008). For pre-diffusion, the 
plates were kept at room temperature for 2 h then incubated at 
37°C for 24 h. A total of 60 plates which were randomly divided into  
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ten test groups with six plates each with each of the test organism 
tested were used. Under identical incubation and aseptic condi-
tions, positive and negative controls with and without inoculums 
were prepared. 
 
 

Agar diffusion test 
 

In this study, nutrient agar which is one of the most widely used in 
vitro media for the evaluation of antibacterial activity that identifies 
the extracts more likely to have antimicrobial effects on common 
microorganisms which are highly influenced by the diffusion ability 
of the extract across the medium was employed. 28.0 g of the 
powdered commercially prepared nutrient agar was weighed and 
dissolved in 1 dm3 of sterile distilled water and this was sterilized at 
121°C for 15 min. 25 cm3 of this was then dispensed into sterilized 
single-layered 2 × 10 cm Petri-dishes. Uniform cavities each of 4 
mm diameter were drilled at equal intervals in the poured agar by 
means of a sterile copper loop after 24 h. This was then inoculated 
with the test bacteria using swab sticks at 37°C for 3 h. The cavities 
were then filled with the plant extracts immediately after reconsti-
tution (one extract in one hole). This was allowed to stay for 1 h to 
allow the extracts to be absorbed by the agar. The absorbed nutri-
ent agar was kept in an incubator at 37°C for incubation for 24 h. 
 
 

Data recording 
 

The diameter of bacterial growth inhibition zones was measured 
with a millimeter ruler whose accuracy was 0.5 mm. These readings 
were taken in triplicates in order to minimize error.  
 
 
Statistical analysis  
 
Statistical analysis was performed using a one-way analysis of 
variance (ANOVA) for the mean concentrations of the minerals as 
well as the zones of growth of inhibition among the test organisms 
using Duncan’s multiple range tests and were reported as mean ± 
SE (standard error) of triplicate values. SPSS 16.0 statistical pac-
kage was used and the statistical significance of the data obtained 
was established at p < 0.05 or 95% confidence while differences 
among values were established using post hoc tests. 
 
 

RESULTS 
 

The antimicrobial activities of the test materials as indica-
ted in Table 1 were determined by the means ± SE (stan-
dard errors) of the zones of inhibition in millimeters on all 
the microorganisms after 24 h. All bacterial strains were 
inhibited by the test materials with varying degrees of 
susceptibility. These results revealed that the antimicro-
bial effect of the aqueous extracts (AE) covered the 
widest range of microorganisms upon which they were 
active although the highest zone of inhibition (35 mm) on 
E. coli was exhibited by the petroleum ether extract 
(PEE) of the roots of this plant. The order of inhibitions of 
the growth of the test organisms for the root extracts, in 
decreasing order, was; petroleum ether extract (PEE), 
methanolic extract (ME), aqueous extract (AE) and chlo-
roform extract (CE) while for the stem extracts, the order 
was PEE, ME, AE and chloroform extract (CE). The 
zones of inhibition of growth of organisms by the leaves 
extracts was in the order PEE = ME > AE > CE. None of 
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Table 1. The antimicrobial activities (zones of inhibition in mm) of the extracts (100 mg/ml) of the various parts of P. Thonningii. 
 

  

Bacteria 

Zones of inhibition (mm) 

 
Water 

  
Pet . ether 

  
Methanol 

  
Chloroform 

 
Roots Stem bark Leaves Roots Stem bark Leaves Roots Stem bark Leaves Roots Stem bark Leaves 

Escherichia coli 8.00±0.58
a
 - - 35.00±0.72

b
 - - - - - - - - 

Klebsiella spp 16.00±0.88
b
 20.00±0.58

d
 18.00±0.59

c
 30.00±0.26

e
 - - - - - 10.00±0.54

a
 - - 

Streptococcus 
pyogene 

12.00±0.57
a
 16.00±0.20

b
 23.00±0.15

c
 15.00±0.58

b
 - 25.00±0.58

d
 15.00±0.38

b
 - - - - - 

Staphylococcus 
aureus 

20.00±0.58
d
 15.00±0.61

c
 10.00±0.21

a
 10.00±0.32

a
 15.00±0.42

c
 - 13.00±0.54

b
 23.00±0.48

e
 - - 15.00±0.38

c
 10.00±0.58

a
 

Proteus vulgaris 15.00±0.58
b
 16.00±0.23

b
 10.00±0.12

a
 - - - - - - - - - 

Salmonella 
typhi 

6.00±0.58
a
 - 10.00±0.58

b
 - 34.00±0.32

c
 - - - - - - - 

Bacillus subtilis 5.00±0.00
a
 6.00±0.24

a
 10.00±0.24

b
 - - - 17.00±0.28

c
 - - - - - 

Pseudomonas 
aeruginosa 

6.00±0.00
a
 - - - - - - - 26.00±0.32

c
 - 10.00±0.24

b
 - 

 

Values are presented as means±SE of three determinations; values with the same superscript in the same row are not significantly different at p > 0.05, - = not active, spp = species, pet. = petroleum. 
 
 
 

Table 2. The mineral composition of the extracts of various parts of P. thonningii (in mg/kg). 
 

Mineral  Root Stem bark Leave 

Copper 0.23±0.02
ab

 0.21±0.01
a
 0.24±0.01

b
 

Chromium 1.71±0.01
a
 3.50±0.02

b
 3.50±0.02

b
 

Magnesium 8.02±0.01
a
 9.13±0.02

c
 8.12±0.02

b
 

Iron 2.43±0.03
c
 1.52±0.02

a
 1.62±0.02

b
 

Zinc 1.21±0.01
b
 1.10±0.01

a
 1.64±0.04

c
 

 
 
 
the stem extracts inhibited the growths of E. coli 
but B. subtilis was mildly affected by aqueous 
extract of the stem bark. Also, for the various 
leaves extracts, only the aqueous extract inhibited 
the growth of S. typhi. The general order of the 
sensitivities of these bacteria to the various plant 
parts extracts in this work was S. aureus > S. 
pyogene > Klebsiella spp. > B. subtilis > S. typhi > 
P. aeruginosa > P. vulgaris > E. coli. The copper 
contents of the three parts of P. thonningii signi-
ficantly differed from one another (at p < 0.05) 

although the chromium contents of the stems and 
leaves were not significantly different (at p > 0.05) 
(Table 2). The magnesium content of the stem-
bark of this plant was the highest followed by that 
of the leaves while the roots had the lowest value. 
The iron content of the roots was the highest 
followed by that of the leaves while that of the 
stem-bark was the lowest (p < 0.05). Furthermore, 
the zinc content of the leaves was the highest 
while that of the stem bark was the lowest (at p < 
0.05). 

DISCUSSION  
 
In many countries of the world, especially the 
developing ones, infectious diseases are the 
leading cause of death and despite the existence 
of many antibiotics to fight them, antibiotic resis-
tance as well as substandard antibiotics in the de-
veloping countries, the control of which has become 
a global concern (Jigna and Sumitra, 2007). The 
emergence of these multidrug-resistant pathogens 
has, in no small measure, affected the clinical effi-



 
 
 
 
cacy of many of the existing antibiotics. Hence, many 
infectious diseases are now being treated with herbal 
remedies throughout the world either as pure compounds 
or as standardized plant extracts which provide unlimited 
opportunities for the treatment of ailments caused by the 
new drug resistant microorganisms. This has thus led the 
search for more plants that have new antimicrobial com-
ponents for the treatment of new and re-emerging infec-
tious diseases. Therefore, this research work focused on 
the folk medical applications of this plant in order to 
establish its potential antimicrobial activity. Therefore, the 
survival of these bacteria in different extracts of the plant 
was compared and from the results, the plant extracts 
inhibited the growth of various test bacteria at varying 
degrees which was an indication that the plant possesses 
active ingredients that can be used to control the growth 
of these organisms if appropriate concentrations of the 
extracts are administered. The zones of inhibition of the 
growths of the microorganisms employed in this work 
were comparable with those reported for the various 
extracts of the leaves of Cassia ocidentalis by Sadiq et al. 
(2012). In their work, it was observed that 120 mg/ml of 
the ethanolic and water extracts were not active on the 
growth of S. aureus, various extracts of P. thonningii 
were able to inhibit the growth of this organism in this 
work. It was also reported that the respective zones of 
inhibition of the growth of S. typhi by the ethanolic and 
aqueous extracts of C. ocidentalis leaves were 18 and 17 
mm which were higher than the respective 6.0 ± 0.58 and 
10.00 ± 0.58 mm obtained in this work for the root and 
leaves aqueous extracts but lower than the 34.00 ± 0.32 
mm obtained for the stem bark PEE. However, the res-
pective 16 and 21 mm zones of inhihibition of the growth 
of E. coli by the aqueous and methanolic extracts of  the 
leaves and stem bark of Ficus capensis reported by 
Oyeleke et al. (2008) were higher than the respective 
8.00 ± 0.58 and 35.00 ± 0.72 mm obtained for the 
aqueous and petroleum ether extracts used in this work.                 

In this study, all the extracts from the three plant parts, 
except the PEE and ME of the leaves on one hand and 
CE of the roots on the other hand, were active against 
the growth of S. aureus. In addition, the aqueous extracts 
of the various parts of P. thonningii showed the widest 
spectrum of growth inhibition on the test organisms pro-
bably because of the synergic antimicrobial activities of 
the total metallic contents of the aqueous extract which 
was the phase expected to have the highest content of 
these metals. The result of this study also showed that 
the aqueous and petroleum ether extracts of the roots 
inhibited the growth of E. coli showing that this plant can 
likely serve as a good antimicrobial remedy for combating 
the diseases caused by this bacterium. This thus justified 
the use of various parts of this plant in ethno-medical 
preparations in this part of the world for the treatment of 
such ailments as diarrhoea, abdominal pains, nausea 
and as a wash, especially for women with urinary tract 
infections.  Furthermore,  it  was  observed  that  only  the  
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aqueous extracts of the three parts of the plant inhibited 
the growth of P. vulgaris. This indicated that the active 
components of this plant against this microorganism were 
likely present in reasonable quantities only in the aqueous 
extract. Furthermore, since the heavy metals analyzed in 
this study were present in aqueous phase, they might 
have had synergic effects on the antimicrobial properties 
of these extracts especially towards the above mentioned 
bacterium since some of them have been shown to exhi-
bit antimicrobial activities in various forms (ATSDR, 2011). 

The different antimicrobial activities exhibited by the 
various extracts of P. thonningii in this study were in line 
with the findings of Asuzu et al. (1999), Akinpelu et al. 
(2000) and Adiaratou et al. (2005) on this plant. 
 
 

Conclusions 
 

The results of this investigation indicated that P. thonningii 
extracts contained some substantial amounts of phyto-
chemicals that exhibited good antibacteria active-ties and 
these might have supported the various folk applications 
of different extracts of this plant to cure ailments from 
time immemorial. These findings might have also pro-
vided research data base for this plant which, hitherto, 
has been very scanty in this part of the country. 

Finally, since some of the extracts employed in this work 
were able to inhibit the growth of some multiple-drug re-
sistant bacterial strains, P. thonningii could be useful in 
the search for new clinically useful antimicrobial agents. 
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