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Abstract 
The antimicrobial potential of basic metabolites of seeds of Piper umbellatum and Piper guinense and leaves of 
Ocimum gratissimum and Newbouldia laevis have been reviewed. The results showed that basic metabolites of 
all the plant extracts showed significant antimicrobial activities against the microorganisms tested; Coliform 
bacili, Salmonella typhi and Staphylococcus aureus, to various extents and generally basic metabolites of 
Newbouldia laevis and Ocimum gratissimum exhibited the greatest antimicrobial activities against the 
microorganisms. The comparative susceptibility of the microorganisms to various metabolites showed that basic 
metabolite of O. gratissimum exhibited the greatest activity against Coliform bacili with an inhibition zone 
diameter of 25mm at 1.omg/ml concentration, whereas the N. laevis metabolite showed greatest activity against 
Salmonella bacili and Staphylococcus aureus with inhibition zone diameters of 26mm and 24mm respectively at 
the same concentration. The results were interpreted in terms of differences in the phytochemistry of the various 
plant metabolites. 
__________________________________________________________________________________________ 
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INTRODUCTION 
The inhibition of growth and activities of 
microorganisms is one of the major purposes for the 
use of chemical preservatives in the food industry 
because they are capable of inhibiting microbial 
growth by interfering with cell membranes, enzyme 
activity or genetic mechanisms of the 
microorganisms (Fulton, 1981; Branen and Davidson, 
1983). Many antibiotics have also been used as 
preservatives for raw foods, especially meat and 
poultry products but microorganisms soon became 
resistant to these antibiotics and new strains of the 
organisms developed (WHO Report 1974; Levy, 
1998) hence the use of medicinal plant extracts 
and/or their secondary metabolites. In developing 
countries where the use of herbal remedies is at its 
peak, the potential benefits of medicinal plants in the 
treatment of diseases cannot be under estimated. The 
use of natural products as medicinal agents predates 
the earliest recorded history as bioactive compounds 
from natural sources were originally used for the 
treatment of various diseases and the use of pure 
pharmaceutical compounds is a relatively new 
phenomenon (Goodman and Morehouse, 1973; Tyler 
et al, 1981; Hamoburger and Hostettman, 1991).  
 
The antimicrobial properties of plant extracts have 
been investigated by several workers (Anesini and 
Perez, 1993; Adesokan et al, 2007; Mahesh and 
Satish, 2008; Alinnor and Ejele, 2009) and several 
reports have been published concerning the use of 

medicinal plants for treatment of diseases (Huang et 
al, 2006; Odugbemi et al, 2007; Hlaing et al, 2008; 
Uhegbu et al, 2009). Anesini and Perez (1993) tested 
122 medicinal plants used for the local treatment of 
several diseases and found that twelve of them 
inhibited the growth of Staphylococcus aureus, ten 
were effective against Escherichia coli while four 
inhibited Aspergillus niger.  
 
Adesokan et al (2007) studied the aqueous extract of 
the stem bark of Enantia chlorantha and showed that 
it possessed broad-spectrum antibacterial activity, 
with gram-positive bacteria showing more 
susceptibility to the extract at all concentrations.  The 
authors concluded that the antibacterial activity of the 
plant extract was possibly due to the presence of 
alkaloids. Mahesh and Satish (2008) screened local 
medicinal plants for antibacterial and antifungal 
activities.  The results showed that the five plant 
extracts possessed potential antibacterial activity 
against Bacillus subtilis, Escherichia coli, 
Staphylococcus aureus, Pseudomonas fluorescens, 
etc in addition to anti-fungal and anti-inflammatory 
properties. The authors concluded that the 
antibacterial and antifungal activities varied with 
plant species and materials used. 
 
Alinnor and Ejele (2009) carried out the 
antimicrobial screening of crude extract of leaf of 
Gongronema lafolium and found that the ethanol 
extract inhibited growth of Staphylococcus aureus, 
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Escherichia coli, Pseudomonas aeruginosa, Proteus 
vulgaria and Bacillus cereus, even at low 
concentrations. In this paper, we report on the 
antimicrobial potentials of basic metabolites of seeds 
of Piper umbellatum and Piper guineense and leaves 
of Ocimum gratissimum and Newbouldia laevis 
extract. The aim of this study was to obtain the basic 
metabolites of the named medicinal plant extracts, 
study their phytochemical composition, determine 
their antimicrobial characteristics and explain the 
differences in antimicrobial activities in terms of 
phytochemical composition of the basic metabolites. 
 
MATERIALS AND METHODS 
Sample Collection and Extraction 
The seeds of P. umbellatum and P. guineense and 
leaves of O. gratissimum and N. laevis were obtained 
from the open market in Owerri, Imo State, Nigeria, 
sun-dried and ground to semi powder. 30g of each 
sample was extracted with 300mL of ethanol for 12h 
in a soxhlet extractor equipped with a reflux 
condenser. The ethanol extracts were allowed to 
evaporate at room temperature to produce gel-like 
solids, which were dissolved separately in 
ethanol/water mixture (4:1) and filtered. The filtrate 
from each sample was used for preliminary 
phytochemical analysis, preparation of basic 
metabolites and antimicrobial experiments.  
 
Preparation of Basic Metabolites 
The basic metabolites were prepared as earlier 
described (Ejele and Alinnor, 2010). Each filtrate 
obtained above was treated with 30ml of dilute HCl 
in a separatory funnel. Then 30ml of chloroform was 
added and shaken vigorously with occasional release 
of pressure. The mixture was allowed to stand 
overnight. Two layers were formed. The aqueous 
HCl layer was removed, placed in a separatory funnel 
and treated with NaOH solution until it became basic. 
The mixture (with or without precipitate) was 
allowed to evaporate at room temperature until it 
formed a gel, which was dissolved in 95% ethanol 
and filtered. The filtrate was used without further 
purification, for phytochemical and antimicrobial 
analyses. Preliminary phytochemical screening of the 
metabolites showed the presence of alkaloids, amino 
acids, cardio-active glycosides, saponins and tannins. 
 
Antimicrobial Tests 
These experiments were carried out in Microbiology 
Department, Federal Medical Centre, Owerri, Imo 
State of Nigeria. Agar disc diffusion method was 
used and the microorganisms were Coliform bacili, 
Salmonella typhi and Staphylococcus aureus. An 
inoculating loop was touched to three isolated 
colonies of the pathogen on an agar plate and used to 
inoculate a tube of culture broth, which was 
incubated at 35 –37oC until it became slightly turbid 
and was diluted to match the turbidity standard. Then 
a sterile cotton swab was dipped into the standardized 

bacterial test suspension and used to evenly inoculate 
the entire surface of the agar plate. After the agar 
surface has dried for 5 minutes, the appropriate basic 
metabolite test disks were placed with a multiple 
applicator device. The agar plate was incubated at 35-
370C for 16-18 hours, after which the diameters of 
inhibition zones (areas showing little or no microbial 
growth) were measured to the nearest mm (Garred 
and O-Graddy, 1983).  
 
Determination of Minimum Inhibitory 
Concentration (MIC) 
The agar disc diffusion assay is a quantitative method 
based on the method of European Society of Clinical 
Microbiology and Infectious Diseases (2000) for 
evaluation of antimicrobial potentials. The 
determination of MIC was carried out to obtain an 
idea of the antibacterial activities of basic metabolites 
of the plant extracts. Standard solutions of the 
metabolites were prepared: 1.0mg/ml, 0.5mg/ml, 
0.25mg/ml, 0.125mg/ml and 0.0625mg/ml, in agar 
nutrient and distributed into sterile test tubes. 1mL of 
each metabolite dilution was separately added into 
the agar plate and poured into Petri-plates. The test 
microorganism was spotted onto the surface of the 
solidified extract-agar mixture and the plates were 
inoculated, starting from the lowest concentration to 
the highest. After inoculation the plates were allowed 
to dry for 30 min and incubated at 37oC for 18h, after 
which the samples were examined for microbial 
growth. The lowest concentration of metabolite 
which showed no growth of microorganisms was 
taken as the MIC of the extract (Garred and O-
Graddy, 1983).  
 
RESULTS AND DISCUSSION 
The results of preliminary antimicrobial screening of 
the basic metabolites of various plant extracts were 
presented in Table 1, from which it was seen that the 
metabolites of different plants possessed 
antimicrobial potentials to various extents. The 
results showed that the basic metabolite of N. laevis 
and O.  gratissimum exhibited the greatest 
antimicrobial activities against the microorganisms.  
 
Table 1: Preliminary Antimicrobial Activities of 
Basic Metabolites 
Test 
microorganism  

P.  umbellatum 
(seed)    

P. 
guineense 
(seed)  

O. 
gratissimum 
(leaf)   

N. leavis 
 ( leaf)   

Coliform bacilli +++ +++ +++ +++ 
Salmonella typhi ++ ++ +++ +++ 
Staphylococcus 
aureus  

++ ++ +++ +++ 

+++  =  Strongly Positive,     ++  =  Positive,     +  =  
weakly positive;      +   =   very weak  
 
The MIC for various plant extracts and metabolites 
are presented in Tables 2 – 9. Tables 2 and 3 showed 
the MIC of crude extract of P. umbellatum seed 
extract and its basic metabolite. The results showed 
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that the basic metabolite of P. umbellatum extract 
showed the greatest activity against Coliform bacili 
with inhibition zone diameter of 20mm at 1.0mg/ml 
concentration and MIC of 0.0625mg/ml while the 
least activity was against S. aureus with inhibition 
zone of 15mm and MIC of 0.50mg/ml. The crude 
extract showed a greater activity against Coliform 
bacili with inhibition zone diameter of 27mm at 
1.0mg/ml. When compared with the crude extract, it 
was found that the activity of the basic metabolite 
against Salmonella typhi and Staphylococcus aureus 
was not significantly affected.  
 
 Table 2: Minimal Inhibitory Concentration (MIC) of 
P. umbellatum 

Concentration 1.0mg
/ml 

0.5mg
/ml 

0.25mg
/ml 

0.125m
g/ml 

0.062
5mg/
ml 

Coliform bacilli 27mm 24mm 20mm 10mm 7.5m
m 

Salmonella typhi 21mm 15mm 8mm 2.0mm   - 
Staphyl aureus. 15mm 10mm 4.5mm   -   - 
 
Table 3: MIC of Basic metabolite of P. umbellatum  

Concentration 1.0mg
/ml 

0.5mg/
ml 

0.25mg/
ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 20mm 18mm 14mm 11.5mm 8.2mm 
Salmonella typhi 18mm 15mm 12.5mm   7.0mm  - 
Staphyl aureus. 15mm 8.5mm - -  - 

 
Tables 4 and 5 showed the MIC of N. laevis leaf 
extract and basic metabolite respectively. The results 
showed that the basic metabolites of N. laevis extract 
showed almost the same activity against all the 
microorganisms, with inhibition zone diameters 
ranging between 26–22mm at 1.0mg/ml and MIC of 
0.125mg for Salmonella typhi and Staphylococcus 
aureus and 0.5mg for Coliform bacill.  
 
Table 4: MIC of N. laevis leaf crude extract 

Concentration 1.0mg
/ml 

0.5mg
/ml 

0.25mg
/ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 12mm 8mm  –  –  –  
Salmonella typhi 25mm 18mm 12mm 8.5mm  –  
Staphyl aureus 28mm 20mm 15mm 10.5mm 7mm 

 
Table 5: MIC of Basic Metabolite of N. laevis 

Concentration 1.0mg
/ml 

0.5mg
/ml 

0.25mg
/ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 22mm 14mm 8mm  –    –  
Salmonella typhi 26mm 16mm 10mm 5.5mm  – 
Staphly aureus 24mm 18mm 14mm 7.5mm - 

 
The least activity was against Coliform bacilli with 
inhibition zone of 22mm at 1.0mg/ml concentration 
and MIC of 0.25mg (Table 5). When compared with 
the crude extract, it was seen that the activity of basic 
metabolite against Coliform bacilli was significantly 
enhanced and the inhibition zone diameter increased 
from 12mm (for extract) to 22mm (for metabolite) at 
1.0mg/ml concentration whereas it remained virtually 
unchanged against Salmonella typhi and 
Staphylococcus aureus.  

Tables 6 and 7 showed the MIC of crude extract of P. 
guineense seed extract and its basic metabolite 
respectively. The results showed that the basic 
metabolite of P. guineense extract showed the 
greatest antimicrobial activity against Coliform 
bacilli with inhibition zone of 24mm at 1.0mg/ml 
concentration and MIC of 0.0625mg. 
 
Table 6: MIC of Crude Extract of P. guineense  
Concentration 1.0mg

/ml 
0.5mg/
ml 

0.25mg
/ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 7mm 2.5mm - - - 
Salmonella typhi 5mm 1.5mm - - - 
Staphly aureus  35mm 24mm 15mm -  
 
Table 7: MIC of Basic Metabolite of P. guineense   
Concentration 1.0mg

/ml 
0.5mg/
ml 

0.25mg/
ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 24mm 20mm 14mm 9mm 4.5mm 
Salmonella typhi 15mm 10mm 5mm 1.5mm - 
Staphly aureus  12mm 7.5mm 2.5mm - - 
 
When compared with the crude extract, it was 
observed that the activity of the basic metabolite 
against Staphylococcus aureus was drastically 
reduced and the zone of inhibition decreased from 
35mm (for extract) to 12mm (for metabolite) 
1.0mg/ml concentration. However, the activity of the 
metabolite against Coliform bacilli was enhanced and 
the zone of inhibition increased from 7mm (for 
extract) to 24mm (for metabolite). A similar 
enhancement of antimicrobial activity was observed 
against Salmonella typhi and inhibition zone 
increased from 5mm (for extract) to 15mm (for 
metabolite). 
 
In Tables 8 and 9 are presented the antimicrobial 
potentials of the crude extract of O. gratissimum leaf 
extract and its basic metabolite respectively, from 
which it was observed that the basic metabolite 
exhibited almost the same activity against the 
microorganisms as the crude extract, except its 
activity against Salmonella typhi where a slight 
decrease was noticed and the zone of inhibition 
dropped from 28mm (for extract) to 20mm (for basic 
metabolite) at 1.0mg/ml concentration. The MIC for 
Salmonella typhi decreased from 0.0625mg (for 
extract) to 0.25mg (for basic metabolite). A reversal 
was seen in the case of Coliform bacilli where the 
MIC increased from 0.25mg (for extract) to 
0.0625mg (for basic metabolite). 
 
Table 8: MIC of Crude Extract of O. gratissimum leaf 
extract 
Concentration 1.0mg

/ml 
0.5mg/
ml 

0.25mg/
ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 21mm 14mm 9.0mm   
Salmonella typhi 28mm 22mm 16mm 12mm 8.5mm 
Staph aureus 25mm 18mm 12mm 7.5mm - 
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Table 9: MIC of Basic Metabolite of O. gratissimum 
leaf extract 

Concentration 1.0mg
/ml 

0.5mg
/ml 

0.25mg
/ml 

0.125mg
/ml 

0.0625
mg/ml 

Coliform bacilli 25mm 20mm 14mm 10mm 5.5mm 
Salmonella typhi 20mm 15mm 8mm - - 
Staphyl aureus  23mm 17mm 13mm 7.5mm - 

 
The comparative susceptibilities of each 
microorganism to the different metabolites are 
presented in Table 10. The susceptibility of Coliform 
bacilli to the metabolites showed that the 
antimicrobial activities of the various metabolites 
were close to each other (Table 10) although the basic 
metabolite of O. gratissimum exhibited a slightly 
higher activity with inhibition zone of 25mm at 
1.0mg/ml concentration. The susceptibility of 
Salmonella typhi to different metabolites showed that 
the basic metabolite of N. laevis extract exhibited the 
greatest activity with inhibitory zone of 26mm at 
1.0mg/ml followed by O. gratissimum metabolite 
with inhibition zone of 20mm. 
 
Table 10: Comparative Susceptibilities of 
Microorganisms to Basic Metabolites 
Plant extract Coliform 

bacilli 
Salmonella 
typhi 

Staphylococcus 
aureus 

 1.0mg/ml 1.0mg/ml 1.0mg/ml 
P. umbellatum 20mm 18mm 15mm 
P. guineense 24mm 15mm 12mm 
O. gratissimum 25mm 20mm 23mm 
N. laevis  22mm 26mm 24mm 
 
The susceptibility of Staphylococcus aureus to the 
basic metabolites showed that the metabolite of N. 
laevis extract exhibited the greatest antimicrobial 
activity the organism with inhibition zone diameter of 
24mm at 1.0mg/ml concentration, followed closely 
by O. gratissimum metabolite with inhibition zone of 
23mm. The basic metabolites of P. guineense extract 
showed the least activity against this microorganism.  
Chemical preservatives are employed in the food 
industry to inhibit growth and activity of 
microorganisms because they can interfere with cell 
membranes, enzyme activity or genetic mechanisms 
of these organisms (Fulton, 1981; Branen and 
Davidson, 1983). Many antibiotics are also used for 
the same purpose, especially for preservation of meat, 
fish and poultry products but microorganisms soon 
became resistant to these antibiotics and new strains 
of the organisms developed (WHO Report 1974; 
Levy, 1998) hence the use of medicinal plant extracts 
and their secondary metabolites have become 
necessary and several reports have been published 
concerning the use of medicinal plants for treatment 
of diseases (Ouattara et al, 2006;  Huang et al, 2006; 
Adesokan et al, 2007; Odugbemi et al, 2007; Hlaing 
et al, 2008; Mahesh and Satish, 2008; Uhegbu et al, 
2009). Moreover, plant extracts and oils have been 
used widely since the middle ages for bactericidal, 
fungicidal, virucidal, antiparasitical, insecticidal, 
medicinal and cosmetic purposes. Even now they are 

often employed in sanitary, pharmaceutical, cosmetic, 
agricultural and food industries (Bakkali et al, 2008). 
The bactericidal effects of plant extracts and oils have 
been reported and several attempts have made to 
destroy bacteria by the application of these plant 
materials (Jussi-Pekka et al, 2000; Smith-Palmer et 
al., 2001; Okwu, 2005; Kotzekidou et al., 2008; 
Ejele, 2010; Ugbogu et al., 2010).  When compared 
with chemical preservatives, plant extracts were 
found more effective and performed better in terms of 
antimicrobial activities because they exhibit greater 
bactericidal effects and inhibit the action of several 
microorganisms (Smith-Palmer et al., 2001; 
Kotzekidou et al., 2008) and promote human health 
(Jussi-Pekka et al., 2000; Okwu, 2005; Ugbogu et al., 
2010). 
 
It has been noted that the presence of phytochemical 
compounds in plants are responsible for the observed 
antimicrobial activities. These phytochemicals 
include; polyphenols (flavonoids, tannins, etc), 
alkaloids, aldehydes/ketones, esters, glycosides, 
saponins, steroids/triterpenes, and other 
phytochemicals (Okwu, 2005; Adesokan et al, 2007; 
Alinnor and Ejele, 2009). The results of 
phytochemical screening of the basic metabolites are 
shown in Table 11, from which we observed that 
alkaloids, amino acids, cardio-active glycosides, 
saponins and tannins were present in the basic 
metabolites to various extents with the alkaloids and 
amino acids dominating in O. gratissimum and N. 
laevis extracts while tannins appeared to dominate in 
the metabolites of P. umbellatum and P. guineense 
extracts.  
 
Table 11: Phytochemical Screening Of Basic 
Metabolites 

Phytochemical  Piper 
umbellatum  
(seed) 

Piper 
guineense 
(seed) 

Ocimum 
gratissimum 
(leaf) 

Newbouldia 
laevis 
 (leaf) 

Tannins +++ +++ + ++ 
Saponins  + ++ +++ +++ +++ 
Flavonoids  - - - - 
Steroids/triterpenes  - - - - 
Cardio-active 
Glycosides  

    
++ + + ++ 

Phenols  - - - - 
Carboxylic acids  - - - - 
Esters  - - - - 
Aldehydes/Ketones  - - - - 
Alkaloids  + + ++ +++ +++ 
Amino acids  ++ ++ +++ +++ 
+++ = strongly positive ;  ++ = positive ;  +  =  fair ;    
+  =  weak ;   -   =  not detected.  
Although the mechanism of action of plant oils is not 
known with certainty, physicochemical assays 
characterize them as antioxidants, which possess 
ability to limit oxidation (Jussi-Pekka et al, 2000; 
Smith-Palmer et al, 2001; Cimanga et al, 2002; 
Bakkali et al, 2008; Kotzekidou et al, 2008). The 
antimicrobial activities exerted by different plant 
extracts, oils and/or metabolites are often interpreted 
in terms of the presence of phytochemical 
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compounds in them. We cannot say (for now) which 
of these phytochemicals (alkaloids, amino acids, 
carboxylic acids, flavonoids, glycosides, phenols, 
saponins, tannins, etc) are responsible for the 
antimicrobial properties of basic metabolites, yet we 
speculate that alkaloids, amino acids, glycosides, 
saponins and tannins which were present in the basic 
metabolites to various extents were responsible. It 
was observed in this study that the alkaloids and 
amino acids were dominant in O. gratissimum and N. 
laevis extracts while tannins and saponins dominated 
in the basic metabolites of P. umbellatum and P. 
guineense extracts. These phytochemicals have been 
shown to possess antimicrobial properties (Iwu, 1983, 
1980; Hsu et al., 2000; Adesokan et al, 2007; Klein 
et al, 2007).  When compared with acidic and neutral 
metabolites of the same plants, it was observed that 
the acidic and basic metabolites exhibited wide 
spectrum antimicrobial activity (that is; they showed 
activity against all the microorganisms tested), 
although the inhibition zone diameters of acidic 
metabolites were usually greater than those of the 
basic. It was also observed that the neutral 
metabolites of some medicinal plants did not possess 
antimicrobial activity against some of the pathogens 
(Ejele et al, In Press).   
 
CONCLUSION  
The antimicrobial potentials of basic metabolites of 
seeds of P. umbellatum and P. guineense and leaves 
of O. gratissimum and N. laevis have been reviewed. 
The results showed that the metabolites of different 
plants possessed antimicrobial potential to various 
extents and the basic metabolites of N. laevis and O. 
gratissimum exhibited the greater antimicrobial 
activities against the microorganisms. The basic 
metabolite of O. gratissimum exhibited the highest 
activity against Coliform bacilli with a zone of 
inhibition of 25mm at 1.0mg/ml concentration and 
MIC of 0.0625mg while the basic metabolite of N. 
laevis showed the greatest activity against Salmonella 
typhi and Staphylococcus aureus with inhibitory 
zones of 26 and 24mm respectively at 1.0mg/ml and 
MICs of 0.125mg.  
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