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Plants have been reported to contain important preventative and curative compounds. Studies were 
conducted to determine the antimicrobial activities of Moringa oleifera extracts using in vitro 
antimicrobial screening methods. The acetone extract of M. oleifera leaves at a concentration of 5 
mg/ml showed antibacterial activities against Escherichia coli, Enterobacter cloace, Proteus vulgaris, 
Staphylococcus aureus and Micrococcus kristinae. M. kristinae was the most susceptible as its growth 
was inhibited at 0.5 mg/ml. On the other hand, M. oleifera acetone extract did not exhibit any inhibition 
on Streptococcus faecalis, Bacillus pumilus, Klebsiela pneumonia, Bacillus cereus and Pseudomonas 
aeruginosa. The acetone extract was bactericidal on E. coli and M. kristinae. It was also bacteriostatic 
on S. aureus, E. cloace and P. vulgaris. However, the water extract showed no activity at the highest 
concentration (5 mg/ml) tested. Furthermore, both the acetone and aqueous extracts did not exhibit any 
antifungal activity against the fungal species of Candida albicans, Pennicillium notatum, Aspergillus 
flavus and Aspergillus niger even at the highest concentration of 10 mg/ml. The ability of acetone 
extract to inhibit the growth of some strains of bacteria is an indication of its antibacterial potential 
which may be employed in the management of microbial infections.  
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INTRODUCTION 
 
Over the years, plants have been used as valuable 
sources of natural products for maintaining animal and 
human health. Plants have been reported to contain large 
varieties of chemical substances that possess important 
preventative and curative therapies (Nascimento et al., 
2000). About 80% of individuals from developed 
countries use traditional medicines which have com-
pounds derived from medicinal plants (Igbinosa et al., 
2009). Despite the presence of various approaches to 
drug discovery, plants still remain the main reservoir of 
natural medicines (Mahomed and Ojewole, 2006). 

Interest in plants with antimicrobial properties has been 
revived as a result of antimicrobial resistance. This 
resistance could be attributed to indiscriminate use of 
commercial drugs or not taking an antibiotic prescription 
according to the instruction for example not taking all  the  
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prescription in the treatment of infectious diseases (Aliero 
and Afolayan, 2006). In addition, certain antibiotics 
present undesirable side effects such as nausea, 
depression of bone marrow, thrombocytopenic purpura 
and agranulocytosis leading to the emergence of 
previously uncommon diseases (Marchese and Shito, 
2001; Poole, 2001). This has given scientists the impetus 
to search for newer and alternative microbial compounds 
from medicinal plants (Aliero and Afolayan, 2006). 
Besides, the high cost of conventional drugs, particularly 
in resource limited communities has led to the increased 
use of plants as an alternative for treatment of infectious 
diseases. Plant extracts and phytochemicals with 
antimicrobial properties are of great significance in 
therapeutic treatments. Their antimicrobial properties are 
due to compounds synthesized in the secondary 
metabolism of the plant. The screening of plant extracts 
and plant products for antimicrobial activity has shown 
that plants represent a potential source of novel antibiotic 
protypes (Afolayan, 2003).  

Bacteria   and   fungi   are   of   human   and  veterinary 
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importance as outlined later. Bacillus cereus has been 
implicated in food-borne intoxication (Granum and Lund, 
1997). Escherichia coli, Staphylococcus aureus and 
Pseudomonas aeruginosa cause diseases like mastitis, 
abortions and upper respiratory complications (Fraser, 
1986). Streptococcus faecalis is a pathogenic bacteria 
commonly found in the intestines of birds (Granum and 
Lund, 1997). Aspergillus niger has been reported to 
cause lung diseases, aspergillosis and otomycosis. 
Similarly, Aspergillus flavus is a human and livestock 
pathogen associated with aspergillosis of the lungs and 
sometimes causing corneal, otomycotic and nasoorbital 
infections. They produce significant quantity of aflatoxin 
(Samson et al., 2001; Klich, 2007). Penicillium notatum 
induces hypersensitivity, pneumonitis in animals. 
Candida albicans is reported to cause vaginitis and yeast 
mastitis. These necessitate searching for antibiotics that 
could be used against microbes. 

Moringa oleifera Lam is one of the best known, widely 
distributed and grown species of a monogeneric family 
moringaceae (Anwar et al., 2007). The plant is referred to 
as drumstick tree or the horse radish tree (Anwar et al., 
2007). It is native to the western and sub-Himalayan 
parts of Northwest India, Pakistan and Afghanistan. The 
species is now widely cultivated across some African 
countries, South America and South-east Asia (Ben 
Salem and Makkar, 2009). It is a drought tolerant plant 
that thrives best under the tropical climate and tolerates 
different soil types (Fahey, 2005). In South Africa, the 
plant is found in few localities: Limpopo, Kwazulu Natal 
and Mpumalanga Provinces (van Jaarsveld, 2006). The 
plant is highly valued since almost every part of the tree 
(leaves, roots, bark, fruit flowers, immature pods and 
seeds) is used as food with high nutritional value (Anwar 
et al., 2007; Chuang et al., 2007). In addition, the plant 
has been reported to possess antimicrobial properties 
and this explains the reason for its wide use in the 
treatment of human diseases (Lockett et al., 2000; Anwar 
et al., 2007). To the best of our knowledge, there is little 
or no information on the antimicrobial activities of the 
South African ecotype of M. oleifera. The objective of the 
current study was, therefore, to determine the anti-
bacterial and antifungal activities of M. oleifera extracts 
using in vitro antimicrobial screening methods. 
 
 

MATERIALS AND METHODS 
 

Plant material and extract preparation 
 

The plant leaves were collected in April at Sedikong sa Lerato in 
Tooseng village, Ga-Mphahlele (24°26´57.10˝S, 29°33´47.02˝E), 
Limpopo Province of South Africa. The mean annual rainfall of the 
area is approximately 300 mm and the mean annual temperature is 
15°C. The plant was authenticated at University of Fort Hare by 
Professor Grieson and voucher specimen (BM 01/2009) was 
prepared and deposited in the Giffen Herbarium of the University of 
Fort Hare. The leaves were harvested green, air-dried under shade 

and milled into powder. The two solvents: acetone and water were 
used and in all cases equal volumes of solvents were used.  

One hundred grams of powdered leaves were  soaked  in  500 ml  

 
 
 
 
of each solvent which were acetone and distilled water. There were 
left shaking for 48 h at 30°C, on an orbital shaker (Stuart Scientific 
Orbital shaker, UK). Acetone used was of high analytical grade; 
which is less lethal to the test organisms (Eloff, 1998). The extracts 
were filtered separately through Whatman no.1 filter paper and the 
acetone extract was evaporated to dryness under reduced pressure 
at 40°C using a rotary evaporator (Laborator 4000-efficient, 
Heidolph, Germany). Water extract was freeze-dried using Savant 
refrigerated vapor Trap, (RVT4104, USA), and stored at 4°C. The 
yields of acetone and water extracts weighed 16 and 13%, 
respectively. They were stored in air-tight glass bottles before use 
and later re-dissolved in their respective solvents to the desired 
concentrations for the various experiments. Each test was 

replicated three times. 
 
 

Origin of strains 
 

The bacteria strains used were those recommended by the National 
Committee for Clinical Laboratory Standards. The selection of 
organisms depended on availability and were as follows: 
Staphylococcus aureus (ATCC 6538), Streptococcus faecalis 
(ATCC 29212), Bacillus cereus (ATCC 10702), Bacillus pumilus 

(ATCC 14884), Micrococcus kristinae (AI5), Pseudomonas 

aeruginosa ATCC (19582), Escherichia coli (ATCC25922), 
Enterobacter cloace (ATCC 13047), Klebsiela pneumonia (ATCC 
10031) and Proteus vulgaris (ATCC 6830). The bacteria were 
obtained from the Department of Biochemistry and Microbiology, 
University of Fort Hare, South Africa. Organisms were chosen 
based on reports of their human and livestock pathogenicity. 
 
 

Minimum inhibitory concentration (MIC) 
 

The bacteria species were maintained on nutrient agar plates and 
recovered for testing by sub-culturing in nutrient broth (Oxoid) and 
incubated at 37°C for 18 h. Before use, each bacteria culture was 
diluted 1:100 with fresh sterile nutrient broth (Grierson and 
Afolayan, 1999). 

The bacteria were streaked in a radial pattern on the agar plates 

(Meyer and Afolayan, 1995), which were incubated at 37°C under 
aerobic conditions and examined after 24 and 48 h. Complete 
suppression of growth by specific concentration of an extract was 
declared active (Mathekga et al., 2000). Each extract was tested at 
a concentration of 5.0, 1.0, 0.5 and 0.1 mg/ml. Streptomycin and 
chloramphenicol were used as standard (positive) controls with 
pure solvents (acetone and water) and sample free solutions as 
blank controls. Each test was replicated three times. Acetone has 
been reported to be non-toxic to the organism at the concentration 

used (Meyer and Afolayan, 1995). 
 
 

Minimum bactericidal concentration (MBC) 
 

The minimum bactericidal concentration (MBC) of the plant extracts 
was determined by the modified method of Spencer and Spencer 
(2004). The samples were sub-cultured from MIC plates that 
showed no growth after 24 h onto a fresh extract-free solid medium 

and incubated further for 18 to 24 h. The highest dilution (least 
concentration) that yielded no single bacterial colony on a solid 
medium was taken as MBC. The MBC was not determined for the 
water extract since it did not exhibit antibacterial activity. It should 
also be noted that the condition of evaluation for extract 
effectiveness was similar for all the bacterial and fungal species 
used. 
 
 

Antifungal activity assay 
 

The antifungal activity  of  M.  oleifera  was  investigated  using  four 
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Table 1. Antibacterial activity of the leaf extracts of M. oleifera. 

 

Bacteria species 
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) (mg/ml) 

Gram reaction Water extract Acetone extract Streptomycin (µg/ml) Chloramphenicol  (µg/ml) 

Bacillus cereus(ATCC 10702) + na na < 2 < 2 

Bacillus pumilus (ATCC 14884) + na na < 2 < 2 

Staphylococcus aureus (ATCC 6538) + na 5 (5) < 2 < 2 

Streptococcus faecalis (ATCC 29212) + na na < 2 < 2 

Micrococcus kristinae §  +  0.5 (1) < 0.5 < 2 

Escherichia coli (ATCC 25922) - na 5(5) < 2 < 2 

Pseudomonas aeruginosa (ATCC 19582) - na na < 5 < 20 

Enterobacter cloacae (ATCC 13047) - na 5(5) < 2 < 2 

Klebsiella pneumoniae (ATCC 10031) - na na < 2 < 2 

Proteus vulgaris (ATCC 6830) - na 5(5) < 2 < 2 
 

na = Not active; MBC, values in bracket; § = environmental strain. 

 
 
 
fungal species (A. niger (ATCC 16404), A. flavus (ATCC 
9643), P. notatum (LIO) and C. albicans (ATCC10231), 
which were obtained from the Department of Biochemistry 
and Microbiology, University of Fort Hare, South Africa. 
The selection of fungi used in the study was based on 

history of being pathogenic to humans and livestock. The 
fungal isolates were allowed to grow on a Sabouraud 
dextrose agar (SDA) (Oxid) at 25°C until they sporulated. 
Thereafter, the fungal spores were harvested by pouring a 
mixture of sterile glycerol and distilled water to the surface 
of the plate. Later, the spores were scraped with a sterile 
glass rod. The harvested fungal spores were standardized 
to an OD600nm of 0.1 before use. The standardized fungal 
spore suspension (1000 µl) was evenly spread on the SDA 
(Oxoid) using a glass spreader. Wells were bored into 

the agar media using a sterile 6 mm cork borer and the 
wells were filled with the solution of the extract (0.2 ml), 
taking care not to allow spillage of the solution onto the 
surface of the agar medium. Acetone and water extract 
concentrations used were 0.1, 0.5, 1.0, 5.0 and 10 mg/ml. 
The plates were allowed to stand on the laboratory bench 
for 1 h to allow for proper diffusion of the extract into the 
media. Plates were incubated at 25°C for 96 h and later 
observed for zones of inhibition. The effect of the extract 

on fungal isolates was compared with amphothericin B and 
miconazole at a concentration of 1 mg/ml (Igbinosa et al., 
2009). 

Statistical analysis 

 
Diameter of fungal growth was measured and expressed 
as means of percentage growth inhibition of three 
replicates. Significant differences within the means of 

treatments and controls were calculated using the LSD 
statistical test. 

 
 
RESULTS 
 

Antibacterial activity 
 
The leaf acetone extract of M. oleifera at 5 mg/ml 
showed antibacterial activities against E. coli 
(ATCC 25922), E.cloacae (ATCC 13047), P. 
vulgaris (ATCC 6830), S. aureus (ATCC 6538) 
and M. kristinae § at 0.5 mg/ml, while reference 
antibiotics streptomycin and chloramphenicol had 
antibacterial activity at 2 µg/ml (Table 1). As 
indicated in Table 2, the M. oleifera acetone 
extract was bactericidal on E. coli (ATCC 25922) 
and M. kristinae, while it was bacteriostatic on 
S. aureus (ATCC 

6538), E cloacae (ATCC 13047) and P. vulgaries 
(ATCC6830). Although, the MBC value for the M. 
oleifera acetone extract against M. kristinae was 
higher (1.0 mg/ml) than its MIC value of 0.5 
mg/ml, it is interesting to note that the MIC and 
MBC values (5 mg/ml) against the inhibited 
bacteria were the same. The water extract did not 
show any activity at the highest concentration (5 
mg/ml) tested.  
 
 

Antifungal activity 
 

Both the M. oleifera acetone and aqueous 
extracts did not exhibit antifungal activity against 
the fungal species, C. albicans (ATCC10231), P. 
notatum (LIO), A. flavus (ATCC 9643) and A. 
niger (ATCC 16404). 
 

 
DISCUSSION 
 

The susceptibility of some bacteria strains to the 
extract   M.   oleifera   may    be   a   pointer  to  its 
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Table 2. Bacteriostatic and bactericidal activities of M. oleifera acetone extract. 
 

Bacterial species Gram +/- Bacteriostatic (mg/ml) Bactericidal (mg/ml) 

Staphylococcus aureus (ATCC 6538) + 5.0 na 

Micrococcus kristinae § + na 1.0 

Proteus vulgaris (ATCC 6830) - 5 na 

Escherichia coli (ATCC 25922) - na 5 

Enterobacter cloacae (ATCC 13047) - 5 na 
 

na = Not active; § = environmental strain. 

 
 
 
potential as a drug that can be used against these 
susceptible bacterial strains. Furthermore, antibacterial 
resistance, especially, among Gram-negative bacteria is 
an important issue that has created problems in the 
treatment of infectious diseases and necessitates the 
search for alternative drugs or natural antibacterial 
remedies (Khosravi and Behzadi, 2006). The difference 
in bacterial response was possible due to the nature of 
the bacterial species. It is noted that the acetone extract 
of M. oleifera leaves exhibited antimicrobial effect against 
both Gram-positive and negative bacteria (broad 
spectrum activities). The M. oleifera acetone extract, 
however, showed greater anti-bacterial activity against 
Gram-negative bacteria than Gram-positive bacterial 
strains. These contrasts with most researchers’ findings 
who reported that most plant extracts have more activity 
against Gram–positive bacteria (Aiyegoro et al., 2008; 
Boussaada et al., 2008; Ashafa and Afolayan, 2009). 
Noteworthy, is the ability of the M. oleifera acetone 
extract to inhibit the growth of M. kristinae at 0.5 mg/ml 
which is the lowest MIC value in comparison to other 
bacterial strains. This suggests that M. kristinae was 
more sensitive to the M. oleifera acetone extract and 
could be used as an antibiotic against diseases that are 
caused by M. kristinae. This observation can best be 
explained by the fact that M. kristinae, which is an 
environmental strain, has a low incidence of antibiotic 
resistant genes as compared to most clinical bacterial 
strains; hence its susceptibility to the extract at a lower 
MIC value as compared to clinical strains (Aiyegoro et al., 
2010).  

The non activity of the water extract against microbes 
investigated in this study is in agreement with previous 
works which showed that aqueous extracts of plants 
generally exhibited little or no anti-microbial activities 
(Aiyegoro et al., 2008; Ashafa et al., 2008). Masika and 
Afolayan (2002) reported that Gram-negative bacteria are 
more resistant to water extracts. Furthermore, most 
researchers (Paz et al., 1995; Vlientinck et al., 1995; 
Martin and Eloff, 1998) have generally reported that 
water extracts of plants do not have much activity against 
bacteria. The reason might be that water extracts which 
is different from other solvents do have myriads of 
compounds that may interact antagonistically in their 
overall activities. It is also suggested that the active 

principles from plant materials are not readily extractable 
in water. In this experiment, acetone is a better solvent 
than water in extracting the active constituents from the 
leaves of M. oleifera (Eloff, 1998). Compounds like 
tannins and polyphenol which are found in M. oleifera are 
soluble in acetone (Makkar and Singh, 1992) and have 
been reported to possess antibacterial activity (Khosravi 
and Behzadi, 2006). Our findings, however, differ from 
the study by Dahot (1998) who reported that M. oleifera 
water extracts had antimicrobial activity against E. coli, S. 
aureus and B. subtilis. The difference could be attributed 
to variation in the environment where the plant was 
collected, the season and the physiological stage of the 
plant when leaves were harvested (Taylor and van 
Staden, 2001). This affects the chemical composition and 
the amount of compounds in the plant. In general, water 
extracts are the commonly used and are affordable to 
resource-limited farmers. The curative advantage is that 
consumers including animals tend to consume the plant 
material in large quantities and in high concentrations. 
This suggests its ability to meet the required physiological 
levels to inhibit the pathogen growth in situ. Yang et al. 
(2006) reported that the inclusion of M. oleifera leaf meal 
in Broiler feeds reduced the E. coli bacteria count in the 
ileum. In addition, M. oleifera leaf water extracts exhibited 
antimicrobial properties through the inhibition of the 
growth of S. aureus strains isolated from food and animal 
intestines (Yang et al., 2006). This point to the potential 
of M. oleifera as antimicrobial peptides to replace 
antibiotics in feeds. 

In our study, the M. oleifera acetone extract had 
bactericidal properties against E. coli, which is mostly 
known to be multi-resistant Afolayan (2003). The ability of 
the acetone extract to kill E. coli is noteworthy even 
though it was at the highest concentrations (5.0 mg/ml) 
tested. Moreover, Gram-negative bacteria have been 
reported to be resistant to antibiotics (Boussaada et al., 
2008). According to several authors, these bacteria are 
generally less sensitive to the activity of plant extracts 
(Pintore et al., 2002; Wilkinson et al., 2003; Boussaada et 
al., 2008). Such resistance could be due to the 
permeability barrier provided by the cell wall or to the 
membrane accumulation mechanism (Adwan and Abu-
Hasan, 1998). The bactericidal and bacteriostatic activities 
of   the  M.  oleifera  acetone  extract  against  E.  coli,  M.  



 
 
 
 
kristinae, S. aureus, E cloacae and P. vulgaris was 
established. Compounds like pterygospermin, benzyl 
glucosinolate and benzyl isothiocynate have, however 
been isolated from M. oleifera leaves and these 
compounds have been reported to have antimicrobial 
properties against a wide range of bacteria which could 
partly explain the observed bacteriostatic and bactericidal 
activity (Fahey, 2005). It should be noted that for plant 
materials, there is actually no standard concentration as 
a model measure for determining the antibacterial activity 
but Aliero and Afolayan (2006), Ashafa et al. (2008) and 
Aiyegoro et al. (2009), considered 5 mg/ml as their 
highest concentration level. 

The leaves of M. oleifera have also been known to 
contain a number of phytochemicals such as flavonods, 
saponins, tannins and other phenolic compounds that 
have antimicrobial activities (Sato et al., 2004; Cushine 
and Lamb, 2005; Mboto et al., 2009). This would suggest 
that the antimicrobial activities observed in this study 
could be attributed to such compounds. The mechanisms 
of actions of these compounds have been proven to be 
via cell membranes perturbations (Esimone et al., 2006). 
This coupled with the action of β-lactams on the trans-
peptidation of the cell wall could lead to an enhanced 
antimicrobial effect of the combinations (Esimone et al., 
2006).  

According to Dahot (1998), M. oleifera leaf extracts 
contain small peptides which could play an important role 
in the plant’s antimicrobial defense system. The proteins/ 
peptides are believed to be involved in a defense 
mechanism against phytopathogenic fungi by inhibiting 
the growth of micro-organisms through diverse molecular 
modes, such as binding to chitin or increasing the per-
meability of the fungal membranes or cell wall (Chuang et 
al., 2007). Antimicrobial peptides probably interact with 
the membranes in two stages. Firstly, cationic amino 
acids are attracted by negative charges such as 
phospholipid head groups on the surface. Secondly, 
hydrophobic and positively charged patches of the 
peptide interact with the aliphatic fatty acids and the 
anionic components, respectively (Zasloff, 2002; Koczulla 
and Bals, 2003). This induces membrane destabilization, 
and bacteria are thought to be killed by the leakage of 
cytoplasmic contents, loss of membrane potential, 
change of membrane permeability, lipid distribution, the 
entry of the peptide and blocking of anionic cell 
components or the triggering of autolytic enzymes 
(Zasloff, 2002). Another strategy used by plants to thwart 
invaders is based on the localized production of anti-
microbial; low molecular weight secondary metabolites 
known as phytoalexins (Maher et al., 1994; Dahot, 1998). 
The antibacterial activity of M. oleifera acetone extract 
validates some medicinal uses of M. oleifera (Fahey, 
2005; Fugile, 2005). 

In our study, none of the extracts showed any anti-
fungal activity. Similar to our results is the report of Dahot 
(1998),   whereby   the  M.  oleifera  water  extracts  were  
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found to be inactive against the growth of Aspergillus 
fumigates, A. flavus and Penicillium expansum and 
moderately active against A. niger (Dahot, 1998). 
Variation in the antimicrobial activity of M. oleifera water 
extract could be attributed to the plant’s ability to produce 
a wide range of selective antimicrobial compounds. This 
could be either in a constitutive or an inducible manner to 
protect themselves against pathogens (Cammue et al., 
1992; D´Haeze and Holsters, 2004). Moreover, the 
synthesis of many presumed defense related compounds 
are induced when plants are exposed to pathogens 
(Linthorst, 1991). Antibacterial activity showed by the 
acetone extracts might justify the reports that M. oleifera 
have medicinal properties. Interestingly, the plant’s 
nutritional compound assists the consumer to enhance 
their immune system against wide range of pathogens 
(Oiyegoro et al., 2009). Moreover, its ability to inhibit the 
bacterial growth enables the antibodies generated to 
destroy the invading pathogens. 

Findings of the current study suggested that acetone 
extracts of M. oleifera leaves have potential as anti-
microbial compounds against pathogens and their ability 
to either block or circumvent resistance mechanisms 
could improve treatment and eradication of microbial 
strains. Thus, plant extracts could be used in the treat-
ment of infectious diseases caused by resistant 
microbes. The obtained results could therefore, form a 
basis for investigating which compound in the M. oleifera 
have antimicrobial activity. 
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