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Abstract 
Assessment of the aqueous and methanol extracts of Emilia coccinea leaves was 
investigated in order to verify its claimed folkloric usage in treatment of microbial 
infections. Sensitivity tests for antimicrobial properties/activities of the leaf extracts 
were determined using Agar well diffusion method. Minimum inhibitory 
concentrations (MICs) and minimum bactericidal concentrations (MBCs) of extracts 
were also determined using doubling dilution and agar diffusion method 
respectively. Commercial antibiotics were used as positive reference standards to 
determine sensitivity of tested organisms. All test organisms (Escherichia coli, 
Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Aspergillus niger, 
Penicillium notatum and Candida albicans) were found to be sensitive to both 
extracts. Methanol extract recorded highest mean inhibition diameter of 
20.33±2.73mm against S. aureus. Aqueous extract had least mean inhibition 
diameter of 0.00±0.00mm against P. notatum. MIC values showed that methanol 
extract was more active than aqueous extract. MBC values for methanol extract 
varied between 5mg/ml – 25mg/ml as against 25mg/ml – 35mg/ml for aqueous 
extract. It was also observed that aqueous extract had no bactericidal action against 
P. aeruginosa. The results demonstrate that extracts of E. coccinea leaf has a broad 
spectrum of activity and can be a potential source of antimicrobial agents. Thus, the 
folkloric usage of this plant for the treatment of microbial diseases is justified. 
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Introduction 
          Generally, plants serve various purposes and their usefulness can be in the form of food, 
textile, shelter, as medicines and in religious practices. The use of these plants particularly 
medicinal plants and traditional medicines in most developing countries as therapeutic agents 
for the maintenance of good health have been widely observed (UNESCO, 1996). Medicinal 
plants constitute the base of the health care systems in many societies. Globally, about 85% of 
the traditional medicines used for primary health care are derived from plants (Farnsworth, 
1988). It has also being observed that the rising costs of prescription drugs in the maintenance 
of personal health and well being, and the bioprospecting of new plant-derived drugs had 
fuelled the interest in medicinal plants as a re-emerging health aid (Lucy and Edgar, 1999). 
          However, the clinical efficacy of many existing synthetic antibiotics today is being 
threatened by the emergence of multidrug-resistant pathogens such as bacteria, fungi and 
viruses (Bandow et al., 2003). Reports show that Infectious disease accounts for one half of all 
deaths in tropical countries irrespective of efforts made in controlling the incidence of epidemic 
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(Iwu, 1993, Okigbo and Ajalie, 2005). The increasing failure of chemotherapeutics and antibiotic 
resistance exhibited by pathogenic microbial infectious agents led to the screening of several 
medicinal plants for their potential antimicrobial activity (Colombo and Bosisio, 1996). Again, 
phytomedicines have shown great promise in the treatment of intractable infectious diseases 
(Idu et al., 2007). 
          Emilia coccinea is one medicinal plant that has been widely used traditionally for 
medicinal purposes to treat a variety of ailments. Ethnomedicinal reports reveal that in Nigeria, 
the leaf is use to manage or cover sores (Burkill, 1985). The leaf sap is used to treat vertigo 
(Oliver, 1960). The leaf decoction is also reported to be used as a febrifuge and has a mild 
laxative effect (Ainslie, 1937). E. coccinea have also been effective in treating ulcers, lice, 
ringworm, gonorrhea, measles, cough and convulsion in children (Edeoga et al., 2005; 
Odugbemi and Akinsulire, 2006). In Tanzania, the leaves mixed with  Ipomoea eriocarps, is 
used as eye drop for eye infections, the crushed green leaves  to treat wounds, sores and 
sinusitis while the dried powered leaves is used to manage sores (Bosch, 2004). The leaf sap 
can also be used in treating epilepsy in Ivory Coast (Kerharo and Bouquet, 1950) and in Congo 
for managing gonococcal infection, hernia and for syphilis (Burkill, 1985). Some of the 
bioactivities of the plant have been confirmed in the laboratory. These include antidiarrhoeal, 
antimicrobial and antifungal activity (Ogbebor and Adekunle, 2005; Teke et al., 2007; Okiei et 
al., 2009). This present study was carried out to assess the antimicrobial activities of the 
methanol and aqueous leaf extracts of the plant. 

Materials and Methods  
          Collection and Identification of Plant material: The leaves of the annual herb Emilia 
coccinea was collected between the months of June and July, 2008 from within and around the 
University of Benin, main campus, Benin City, Edo State, Nigeria. The plant was identified by 
Professor MacDonald Idu of the Department of Plant Biology and Biotechnology, University of 
Benin, Benin City, Nigeria. 
          Preparation and Extraction of Plant material:  The fresh leaves of E. coccinea were air-
dried on the laboratory tables under room temperature and transferred to the oven set at 400C 
for 5-10 minutes. The plant materials were then reduced to fine powder with the aid of a 
mechanical grinder and stored in a tightly covered glass jars for further studies. Five hundred 
(500) g of the powdered leaf was macerated in 2.5L of methanol with the resultant solution 
filtered using Whatman filter paper No 1 after 48 hours under room temperature (250C) to 
obtain the methanol extract. For the aqueous extract, 700g of the powdered material was boiled 
in 1000L of water and the resultant solution filtered using filter paper. Both extracts were then 
concentrated via evaporation using an oven set at 400C and the extracts stored in a refrigerator 
until required for use. 
          Test Organisms: The test organisms used were Escherichia coli, Bacillus subtilis,           
Staphylococcus aureus, Pseudomonas aeruginosa, Aspergillus niger, Penicillium notatum and 
Candida albicans. They were obtained from the laboratory stock of the Department of 
Microbiology, University of Benin Teaching Hospital (UBTH) and Edo Environmental Laboratory, 
Edo State, Nigeria. The identity of the bacteria isolates were confirmed using standard 
biochemical and physiological tests as described by (Cheesebrough, 2000; Harley and Prescott, 
2002). The macroscopic features of the test fungi isolates were noted. The microscopic 
characters of the fungi isolates were ascertained with the aid of wet mount technique using 
lacto phenol cotton blue and distilled water as mountants respectively. The structures observed 
were recorded and compared with illustrations stated by Barnett and Hunter (1972).  
          Standardization and Preparation of Microbial inocula for susceptibility testing: All the test 
organisms (bacteria and fungi isolates) were sub-cultured on freshly prepared nutrient agar 
plates and malt extract agar plates and incubated for 24 hrs and 48 hrs respectively. The 
various portions of the already streaked colonies were placed in test tubes containing 5ml of the 
sterile broth and incubated for 3 hrs at 37oC (Oloduro et al., 2011). The respective growth of the 
bacteria and fungi suspensions were compared to that of freshly prepared Barium sulphate 
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solution (0.5ml of 1% Barium in Chloride to 99.5ml of 1% H2SO4 (0.36 Normal) (Vandepitte et 
al., 2003). The turbidity was adjusted by adding more sterile nutrient broth to match 0.5 
McFarland standards (106

 cfu/ml).  After incubation, 1ml of the standardized cultures of the 
microbial isolates were inoculated unto the solidified nutrient agar at 450C for bacteria and 
Potato dextrose agar for fungi under room temperature. 
          Susceptibility testing: The agar-well diffusion method, suitably modified was adopted for 
the susceptibility studies (Irobi et al., 1996; Oboh et al., 2007).  Nutrient agar and Potato 
dextrose agar were the general purpose media of choice used in the susceptibility test. The 
media were prepared according to the manufacturer’s guide and sterilized in an autoclave at 
1210C for 15minutes after which they were poured into Petri dishes and allowed to set. The 
plates were inoculated with the respective test organism in triplicate culture plates. Using a 
sterile cork borer of 6mm diameter, four (4) adequately spaced wells per plate were made into 
the culture Agar plates respectively. Varying concentrations   of 35 mg/ml, 25 mg/ml, 15 mg/ml 
and 5 mg/ml of the plant extracts were poured into the four holes that have been labeled 
previously to correspond to each of the concentrations of the extract. The plates were left 
standing on the work bench for 30-40 minutes to allow pre-diffusion time. The bacterial inocula 
plates were incubated at 370C for 24hours while the fungal plates were incubated on the 
laboratory bench at 28+20C for 72 hrs. Zones of inhibition around the wells indicated 
antimicrobial activity of the extracts against the test organisms. The diameters of these zones 
were measured diagonally in millimeter with a ruler and the mean value for each organism from 
the triplicate cultured plates was recorded. Using the agar-well diffusion technique, an already 
made gram positive and gram negative (Asodisks Atlas Diagnostics, Enugu, Nigeria) standard 
antibiotic sensitivity disc bought from a laboratory chemical equipment store in Benin city was 
used as positive control for bacteria while Ketoconanzone was used as positive control for fungi. 
Distilled water was used as negative control for all the test organisms. All the plates used for 
control were incubated at 370C for 24hours for bacteria and at 280C+ 20C for 72 hrs for fungi. 
The zones of inhibition were then measured after incubation and recorded. 
          Determination of Minimum Inhibitory Concentrations (MICs): The standard agar dilution 
protocol with doubling dilution was used to determine the MICs of the extracts (Oboh et al., 
2007). A 100 mg/ml concentration of each of the extract was prepared in sterile distilled water, 
and then diluted to achieve a decreasing concentration of 35, 25, 15 and 5 mg/ml respectively. 
Each dilution was introduced into nutrient agar plates and potato dextrose agar plates already 
seeded with the respective test organismAll test plates were incubated at 370C for 24 hrs for 
bacteria and 280C+ 20C for 72 hrs for fungi. The minimum inhibitory concentration (MIC) of the 
extracts for each test organism was regarded as the agar plate with the lowest concentrations 
without growth. 
          Minimum Bactericidal Concentration (MBC) Determination: The minimum bactericidal 
concentration (MBC) of the extracts was determined by the method as described by Igbinosa et 
al. (2009). Samples were taken from the MIC test bacteria plates with no visible growth. These 
were sub-cultured on freshly prepared nutrient agar plates and incubated at 370C for 24 hrs. 
MBC was taken as the concentration of the extract that did not show any growth on the new set 
of agar plate. 
          Statistical analysis: Results are expressed as mean + standard error of mean (S.E.M) and 
the level f significance between means were computed by student’s t – test using SPSS 10.0 
computer software package. The level of significance was determined at 0.05.  
 
Results  
          The results of the antimicrobial activity of the aqueous and methanolic extracts of the 
leaf of Emilia coccinea are shown in Table 1 and 2. It was observed that all the test organisms 
were sensitive to the aqueous extract at all the tested concentrations except P. notatum which 
was not sensitive to the extract at 5 mg/ml (Table 1). The activity of the aqueous extract in all 
the tested concentrations was significantly different from one another (Table 1). Table 2 
revealed that the activity of the methanol (MeOH) extract of the leaf of E. coccinea was 
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significantly different from one concentration to another on each organism. P. notatum was the 
least sensitive organism particularly at the test concentration of 5 mg/ml while S. aureus 
showed the highest susceptibility range of 9.00 mm to 20.33 mm. 

Table 1: The effect (zone of inhibition in mm) of various concentrations of the 
aqueous leaf extract of E. coccinea on test organisms      

Test organisms  Concentration of extract (mg/ml) Sterile  
distilled 
water  

5 15 25 35  
Bacteria 
Bacillus subtilis 

 
7.67+0.67a 

 
13.00+1.00b 

 
16.33+1.86c 

 
19.33+1.76d 

- 

Staphylococcus aureus  5.33+1.33a 7.67+2.33b 14.00+0.00c 17.00+0.58d - 
Pseudomonas aeruginosa 5.33+0.88a 9.33+1.45b 13.33+0.67c 17.33+2.03d - 
Escherichia coli  
Fungi 

3.33+1.76a 6.33+1.20b 13.33+0.67c 17.33+0.67d - 

Aspergillus niger 1.33+1.33a 3.33+1.76b 7.00+0.58c 8.67+0.88d - 
Penicillum notatum 0.00+0.00a 1.33+1.33b 5.33+0.88c 6.67+0.88d - 
Candida albicans  1.33+1.33a 3.00+1.53b 7.33+0.33c 8.00+0.58d - 
NB: The values are the means + S.E.M of three measurements (n=3).  
Means + S.E.M with different superscripts within a row are significantly different, P < 0.05. 
- = No inhibition. 
 

Table 2: The effect (zone of inhibition in mm) of various concentrations of the methanolic leaf 
extract of E coccinea on test organisms  

Test organisms  Concentration of extract (mg/ml) Sterile 
distilled 
water  

 5 15 25 35  
Bacteria 
Bacillus subtilis 

 
5.33+0.88a 

 
10.00+1.53b 

 
13.33+0.33c 

 
17.00+0.58d 

- 

Staphylococcus aureus  9.00+2.89a 12.67+1.33b 16.67+1.86c 20.33+2.73d - 
Pseudomonas aeruginosa 7.33+0.33a 11.33+1.33b 14.00+1.15c 17.00+1.53d - 
Escherichia coli  
Fungi 

6.33+0.67a 9.00+0.58b 13.67+0.33c 17.00+1.15d - 

Aspergillus niger 2.33+2.33a 4.00+2.31b 9.00+1.53c 12.33+1.45d - 
Penicillium notatum 1.33+1.33a 4.00+1.15b 6.67+1.45c 9.00+1.15d - 
Candida albicans  2.67+1.33a 7.00+1.53b 10.00+1.53c 13.00+0.1.53d - 

NB: The values are the means + S.E.M of three measurements (n=3). Means + S.E.M with 
different superscripts within a row are significantly different, P< 0.05.  - = No inhibition. The 
activity of the commercial antibiotics (standard sensitivity disc and ketoconanzone) on the test 
bacteria and fungi respectfully are represented in Table 3 and 4.  
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Table 3: Sensitivity zone of inhibition of commercial antibiotics (standard sensitivity disc) on the 
test bacteria 

 Test bacteria  
Antibiotics Staphylococcus 

aureus 
E. coli Bacillus 

subtilis  
Pseudomonas 
aeruginosa 

Gentamycin (10g)  + (18mm) + (20mm) + (15mm) + (17mm) 
Ampiclox (30g)  + (10mm) - - - 
Zinnacef (20g) - - - - 
Amoxacillin (30g) - +(10mm) - - 
Rocephin (25g) - - - - 
Ciprofloxacin (10g) + (13mm) +(19mm) +(11mm) +(18mm) 
Septrin (30g) + (10mm) - - - 
Erythromycin (10g) + (13mm) - - - 
Pefloxacin (30g) - - - - 
Augumentin (30g) - +(8mm) - - 
 Tarivid (10g) - - - +(14mm) 

         + = sensitive                - = No inhibition  

Table 4:  Sensitivity zone of inhibition of commercial fungi antibiotics (ketoconanzone) on the 
test fungi 
Test fungi Ketoconanzone (200mg/ml) 
Aspergillus niger 14mm 
Penicillium notatum 20mm 
Candida albicans 22mm  
 
The results obtained for the minimum inhibitory concentration (MIC) and Minimum bactericidal 
concentration (MBC) for the aqueous and methanolic extracts of E. coccinea are presented in 
Table 5 and 6.  The MIC values showed that the methanolic extract was more active than the 
aqueous extract(Table 5) against the microorganisms used. The aqueous extract showed MIC at 
5 mg/ml against P. aeruginosa , 25 mg/ml against E. coli, S.aureus and A. niger while at 35 
mg/ml against B. subtilis, C. albicans and P. notatum. MIC values for the methanolic extract at 5 
mg/ml was against   P. aeruginosa, S.aureus and A. niger while at 15 mg/ml it was against E. 
coli and P. notatum. At 35 mg/ml the MIC exhibited by the methanolic extract was against B. 
subtilis, and  C. albicans. The MBC values (Table 6) revealed that the aqueous extract had no 
bactericidal action against P. aeruginosa. All the test bacteria were found to be more sensitive to 
the methanol extract than the aqueous extract. The MBC value for the methanolic extract varied 
between 5 – 25 mg/ml as against 25 and 35 mg/ml for the aqueous extract. 

Table 5: Minimum inhibitory concentrations (MICs) of the aqueous and methanolic extracts of 
the leaf of E. coccinea against the test organisms 

Organisms    MIC (mg/ml) 
         Aqueous                     Methanol    
          extract                        extract 

Escherichia coli 25 15 
Pseudomonas aeruginosa 5.0  5.0 
Bacillus subtilis 35 35 
Staphylococcus aureus  25 5.0 
Aspergillus niger 25 5.0 
Candida albicans 35 35 
Penicillum notatum  35 15 
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Table 6: Minimum bactericidal concentration (MBC) of the aqueous and methanolic leaf extracts 
of the leaf of E. coccinea on the test bacteria 

 
Test bacteria 

MBC (mg/ml) 
Aqueous 
extract                                              

Methanolic 
extract                                             

Escherichia coli 25 15 

Pseudomonas aeruginosa - 5 

Bacillus subtilis 35 25 

Staphylococcus aureus  25 5 

- = Not bactericidal  

Discussion  
          The aqueous and methanolic extracts of E. coccinea showed inhibitory activities against 
all the test organisms (Table 1 and 2). It was observed that susceptibility increased with 
increased concentration of the extracts. Penicillium notatum of all the tested organisms recorded 
the highest resistance ranging from 0.00+0.00 mm to 9.00+1.15 mm for both extracts. The 
sensitivities of C. albicans, B. subtilis, S. aureus and E.coli is in agreement with earlier work 
carried out by Okiei et al. (2009) on the leaf of E. coccinea. 
          Generally, the methanolic extracts exhibited more potency and consistency in activity 
than the aqueous extract. The methanolic extract recorded the highest inhibitory effect of 20.33 
+ 2.73 mm than the aqueous extract (Table 2). These results support earlier studies which 
observed that plant extracts in organic solvent provided more consistent antimicrobial activity 
compared with those extracted in water (Parekh et al., 2005; Ahmad et al., 1998). S. aureus 
was the most sensitive test bacteria and generally the most sensitive test organism at the 
highest concentration of 35 mg/ml of the aqueous extract. Following S. aureus is B. subtilis with 
an inhibition diameter of 19. 33 + 1.76 mm at the concentration of 35 mg/ml of the aqueous 
extract (Table 1). 
          Methanol extract recorded the highest antifungal activity against C. albicans at the 
highest concentration of 35 mg/ml with an inhibition diameter of  13.00 + 1.53 mm. P. notatum 
was the least sensitive fungus and test organism(Table 3). The aqueous extract recorded no 
activity against P. notatum at a concentration of 5 mg/ml. However the inhibitory effects were 
observed across the other concentrations of 15, 25 and 35 mg/ml. 
          The activity/inhibitory effects of the aqueous extract at 5 mg/ml contradict earlier report 
by Teke et al. (2007) that the aqueous extracts did not have any antimicrobial activity but 
corroborate same report that the methanolic extract was active on E.coli. It was also observed 
that the two extracts were active when compared with the negative control (sterile distilled 
water) against all the test organisms (Table 1 and 2). The control recorded no visible activity. 
The positive control (standard sensitivity disc) used on the test bacteria revealed that only 
gentamycin and ciprofloxacin had inhibitory effects on all the test bacteria (Table 3). Ampiclox 
and Septrin had activity on S. aureus with the same inhibition diameter of 10 mm while 13 mm 
was recorded for Erythromycin as against 17 mm and 20 mm inhibition diameter for the 
aqueous and methanolic extracts. Augmentin and Amoxaciilin were sensitive to E. coli with 
inhibition diameter of 8 mm and 10mm as against 17 mm for both extracts. Another antibiotic-
Tarivid  only had activity on P. aeruginosa with a sensitivity zone of inhibition of 14 mm as 
against 17 mm for both extracts. Comparatively, the extracts of the leaf of E. coccinea, can be 
said to possess better activity than the standard antibiotics which were used as positive control.  
          This is supported by the fact that the extracts contain both pharmacological and non 
pharmacological active substances as against pure active substances contained in the 
antibiotics. The effect of the commercial antifungal drug (Ketoconanzone) tested at the 
concentration of 200mg/ml against the test fungi (Table 4) can be considered not better in 
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activity when compared with the extracts, particularly at the highest tested concentration of 35 
mg/ml which was five times lower in concentration than that of the fungal antibiotics. This 
probably implies that if the concentrations of the extracts are increased, it can lead to increased 
activity. It can be observed from the MIC values that the methanolic extract was better in 
activity than the aqueous extract; though both extracts have the same MIC values of 5 mg/ml 
against P. aeruginosa and at 35 mg/ml against C. albicans.  
          Antimicrobial substances can be considered as bactericidal agents when the ratio 
MBC/MIC < 4 and bacteriostatic agents when the ratio MBC/MIC > 4 (Gatsing et al., 2010). For 
the extracts tested, the ratio MBC/MIC was < 4 against all the tested bacteria. It suggests that 
the extracts can be considered as bactericidal agents, although, no bactericidal activity was 
observed against. P. aeruginosa when the aqueous extract was used.  

Conclusion 
          The results from these studies provide evidence for the ethnomedicinal uses of the tested 
plant. The presence of secondary metabolites in the leaf of E. coccinea is thought to be probably 
responsible for its medicinal properties. The methanol and aqueous leaf extracts of E. coccinea 
showed activity against all the test bacteria (gram positive and gram negative bacteria) and 
fungi. It can therefore probably serve as a potential source of antimicrobial agent. 

However further studies are recommended on the chemical characterization and biological 
availability of the extracts.  
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