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ABSTRACT 
Dichloromethane, methanol and hydroethanol extracts of Casuarina equisetifolia L. and Oxalis corniculata L., two medicinal plants 
used by traditional doctors to treat microbial infections, were screened for their antibacterial activity against seven Gram positive 
and Gram negative bacteria (Escherichia coli, Staphylococus aureus, Enterococus faecalis, Pseudomona aeruginosa, Salmonella 
aboni, Staphylococus aureus meticilline resisting and Staphylococus epidermidis). The antibacterial activity was performed using the 
p-iodonitrotetrazolium microdilution method. The total activity and Artemia salina lethality of extracts were also determined. All 
extracts were effective against tested microorganisms at different levels with Minimum Inhibitory Concentration values ranging 
from 0.078 mg/ml to 5 mg/ml. The hydroethanolic extract was more potent than other extracts with a MIC value of 0.078mg/ml 
against S. epidermidis. The most interesting total activity was obtained with hydroethanolic extract of Oxalis corniculata (1689.7 
ml). The methanol extract of Oxalis corniculata was also the less toxic to Artemia salina with LC50 value of 26.87 mg/ml. 
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1. INTRODUCTION  

Infectious diseases are becoming a crisis as a major cause of human and animal mortality and morbidity. This is 

further aggravated by the rapid development of multi-drug resistance, limited antimicrobial spectrum and adverse  
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effects of available anti-microbial agents (Doughart and Okafor, 2007). In most countries of West Africa, the advent of 
modern medicine and its advances have led people to shy away some traditional medicine, based primarily on herbal 
medicine. Unfortunately, development of antibacterial agents has been accompanied by the emergence of drug-
resistant organisms followed by toxicity observed during prolonged treatment. The use of plants for healing dates 
from prehistoric times and all peoples have this old tradition. The use of herbs in the treatment of man and animal 
disease has been also practiced before the advent of modern antibiotics (George, 1974; Soforowa, 1982). Thus, in 
recent decades, the use of medicinal plants has been renewed interest. Special attention is given to the search for 
new and effective pharmaceutical agents, with little or no toxicity, from medicinal plants.  Natural products and 
related structures are essential sources of new pharmaceuticals, because of the immense variety of functionally 
relevant secondary metabolites of microbial and plant species (Ngo et al. 2013). Approximately half of all drugs that 
were recorded worldwide in the period before 2007 were from natural products or their synthetic derivatives 
(Kennedy and Wightman, 2011). Several scientific studies have confirmed the activities of most of the plants used in 
traditional medicine not only against microbial infections (Traoré et al. 2012; Bolou et al. 2011; Adedapo et al. 2009). 
In Benin, plants materials have been used as traditional medicines for the treatment of a wide variety of ailments and 
diseases. Casuarina equisetifolia and Oxalis corniculata are two plants commonly used in Benin traditionally medicine 
against infections of the skin, dizziness, diarrhea, stomach ache, dysentery, convulsions and other digestive problems.  
 
2. SCOPE OF THE STUDY 
The present work is to investigate the antibacterial properties of Casuarina equisetifolia and Oxalis corniculata against 
six strains of bacteria Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus epidermidis, 
Staphylococcus aureus and Staphylococus aureus meticilline resisting. The lethality effect of extracts was also 
evaluated using Artemia salina. 
 
2.1. Materials 
The materials used include fruits of Casuarina equisetifolia, leaves of Oxalis corniculata and others which include, 
pipette, bottles, weighting balance, conical flasks, petri dishes, and electric blender, rotary evaporator, hood, oven, 
mixer etc. 
 
2.1.1. Reagent/chemical/median 
p-iodonitrotetrazolium (Sigma Aldrich) solution was prepared by dissolving 4 mg in 200 ml distilled water. The Muller 
Hinton broth (DIFCO) was prepared by dissolving 21 g in 1 L distilled water. The suspension was then sterilized using 
autoclave. 
 
2.1.2. Organisms used 
Escherichia coli (CIP53126), Staphylococus aureus (ATCC6538), Enterococus faecalis (ATCC29212), Pseudomona 
aeruginosa (CIP82118), Salmonella aboni (CIP8039), Staphylococus aureus meticilline resisting (SARM) and 
Staphylococus epidermidis, obtained from Laboratoire de Biophotonique et Pharmacologie, University of Strasbourg, 
France, were used for antibacterial activity. Eggs of Artemia salina were hatched in seawater to evaluate extracts 
toxicity.  
 
2.2. Methodology 
2.2.1. Preparation of extracts 
One hundred grams (100 g) of dry powder of each part of the two plants were successively extracted by maceration 
with dichloromethane and methanol for 72 h stirring. A second maceration with a mixture of ethanol-water (20:80) 
was carried out with fifty grams (50 g) of dry powder species. Each extraction is repeated three times. The macerates 
were filtered and concentrated using a rotary evaporator (RE 300, stuart) and the extracts were stored at 4° C until 
biological assay. 
 
2.2.2. Antibacterial activity 
Growth inhibitory effect of extracts: This test aims to eliminate the extracts which at 10 mg/ml do not inhibit the 
growth of bacteria (Eloff, 1998). The extracts are prepared to a concentration of 20 mg/ml in a mixture 
acetone/Mueller Hinton broth (v/v). The obtained solutions are then homogenized using vortex. 100 µl of each 
extract at 20 mg/ml were distributed in triplicate wells of a 96 well plate containing previously 100 µl of bacterial 
broth at 106 CFU/ml. The plates were homogenized using a mixer and then incubated at 37°C. After 18 h of 
incubation, 40 µl of a 0.2 % of p-iodonitrotetrazolium (INT) (Sigma Aldrich) in distilled water, were added to each well  
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and the plates were incubated again at 
37°C. After 30 min of incubation, the color 
change of the contents of the wells 
(extract color to red) indicates bacterial 
growth in wells and led to eliminate non-
active extracts. The Wells which 
maintained their color after the addition 
of INT contains active extracts. 

 
Minimum Inhibitory Concentration (MIC): The Minimum Inhibitory Concentrations (MICs) were determined by the 
method of broth microdilution using p-iodonitrotetrazolium (INT) as an indicator of bacterial viability (Keymanesh et 
al. 2009). To determine the MIC of extracts, 100 µl of Mueller Hinton broth (DIFCO) were added to each wells of a 96-
wells microplate and then 100 µl of plant extract (20 mg/ml) were added to the first well (A) of the plate. A two-fold 
Successive dilution was carried from well (A) to the last wells (H) of the plate. Then, 100µl of bacterial broth at 106 
CFU/ml were finally added into all the wells. The plate was covered and incubated at 37°C.  After 18 h of incubation, 
40 µl of p-iodonitrotétrazolium (0.2 %) was added in all wells and the plates were incubated again at 37°C. After 1 h of 
incubation, wells were examined and the MIC values were recorded.  
 
Total activity: To select the extracts that can be used for further testing, the determination of the total activity is 
important because since the MIC value is inversely proportional to the amount of antimicrobial extracts. The total 
activity of each extract was calculated by dividing the MICs with the amount of extract obtained from 1 g of plant 
material (Eloff, 2008). This value indicates the volume in which the active principle (extract) present in 1 g of dry plant 
material can be diluted to always have inhibitory activity against organisms (Eloff, 2004).  
 
2.2.3. Brine Shrimp Lethality Bioassay 
The assay was performed as described by Keymanesh et al. (2009). To obtain mature naupli larva, the eggs of brine 
shrimp were hatched in normal seawater for 72 h. The stock solution of each extract (3 mg/ml) was obtained by 
dissolving 15 mg in 200 μL ethanol and 4.80 ml of seawater. Then, 1 ml of seawater containing 15 living naupli was 
added to 1 ml of extracts. Six concentrations ranging from 1.5 to 0.075 mg/ml, obtained by a twofold dilution of stock 
solution, were tested. Each experiment was done in triplicate and control was prepared using only seawater plus 15 
livings naupli. Survivors naupli were counted after 24 h and dead naupli at each concentration were determined. The 
percentage of lethality of the brine shrimp was then calculated. 
 
3. RESULTS  
The Dichloromethane, methanol and hydroalcoholic extracts of two traditional Beninese pharmacopoeias, Oxalis 
corniculata and Casuarina equisetifolia, were screened for their biological properties. 
 
3.1. Extraction yield 
The yield of each extraction is mentioned in Table 1. Methanolic extraction of C. equisetifolia gave the highest yield 
(8.99%), while the best extraction efficiency of O. corniculata was obtained with hydroethanolic extraction (13.18%). 
The hydroethanolic and dichloromethane extraction of O. corniculata have a higher yield (13.18% and 4.66%) 
compared to those of Casuarina equisetifolia (5.54% and 0.72%).  
 
3.2. Antibacterial activity 
Growth inhibitory effect of extracts: All extracts demonstrated antibacterial activity by inhibiting the growth of one 
or more tested bacteria (Table 2). The hydroethanolic extract (10 mg/ml) of O. corniculata is the most active by 
inhibiting all tested bacteria. The dichloromethane extract of O. corniculata also inhibits the growth of six bacteria 
except S. abony. Similarly, the methanol and dichloromethane extracts of C. equisetifolia are also active by inhibiting 
five bacteria out of seven. P. aeruginosa is the most sensitive bacteria its growth was inhibited by all the tested 
extracts. S. abony is resistant to five extracts six. The active extracts in these trials were selected to determine their 
minimum inhibitory concentrations (MIC). 
 
Minimum Inhibitory Concentration (MIC): The Minimum Inhibitory Concentrations (MICs) of extracts are recorded in 
Table 3. The extracts showed MIC values ranging from 0.078 to 5 mg/ml. Extracts obtained from O. corniculata 
showed interesting antibacterial activity with MIC values ranging from 0.078 mg/ml to 5 mg/ml. The hydroethanolic  

Table 1 
yield for each extraction of C. equisetifolia and O. corniculata 

 C. equisetifolia O. corniculata 

Solvants Plant material (g) % yield % yield 
DM 100 0,72 4,66 
Me 100 8,99 1,38 
HE 50 5,54 13,18 

DM: dichloromethane; Me: methanol; HE: Hydroalcoolic 
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Table 2 
Antibacterial activity of extracts at 10 mg/ml 

Growth inhibition effect of extract at 10 mg/ml 
 Casuarina equisetifolia Oxalis corniculata 

                    Extracts  
Organisms 

DM ME H20/EtOH DM ME H20/EtOH 

E. coli (CIP 53126) + + + - + - 
S. aureus (ATCC 6538) - - + - - - 
S. epidermidis - - + - - - 
S.aureus methicillin resistant - - - - + - 
E. faecalis (ATCC 2921) - - + - - - 
P.aeruginosa (CIP 82118) - - - - - - 
S. abony (CIP 8039) + + + + + - 
DM: dichloromethane; ME: methanol; H2O/EtOH: Water/ethanol; -: inhibition; +: no inhibition 

Table 3 
Minimum Inhibitory Concentration of extracts from C. equisetifolia and O. corniculata extracts 

Minimum Inhibitory Concentration (mg /ml) 
 Casuarina equisetifolia Oxalis corniculata 

               Extracts 
Organismes 

DM MeOH H2O/EtOH DM MeOH H2O/EtOH 

E.  coli - - - 2.5 - 2.5 
S.aureus > 5 2.5 - 2.5 2.5 5 
S. epidermidis > 5 2.5 - 2.5 2.5 0.078 
S.aureus MR 2.5 0.625 0.625 0.313 - 2.5 
E.faecalis > 5 2.5 - 5 2.5 2.5 
P. aeruginosa > 5 2.5 2.5 2.5 2.5 2.5 
S. abony - - - - - 2.5 
DM: dichloromethane; MeOH: methanol; H2O/EtOH: Water/ethanol; -: not active 

Table 4 
Total Activity of extracts 

Total activity (ml/g) 
 Casuarina equisetifolia Oxalis corniculata 

Extract from 1g (mg) 17.94 89.91 55.48 46.66 13.84 131.96 

          Extracts 
Organismes 

DM MeOH H2O/EtOH DM MeOH H2O/EtOH 

E.  coli - - - 18.64 - 52.8 
S. aureus <1.45 36 - 18.64 5.53 26.4 
S. epidermidis <1.45 36 - 18.64 5.53 1689.7 
S. aureus MR 3 144 89 149 - 52.8 
E. faecalis <1.45 36 - 9.3 5.53 52.8 
P. aeruginosa <1.45 36 22 18.64 5.53 52.8 
S. abony - - - - - 52.8 
DM: dichloromethane; ME: methanol; H2O/EtOH: Water/ethanol; -: not active 
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and dichloromethane extracts of demonstrated highest inhibition 
toward S. epidermidis and S.aureus Meticillin Resistant with MIC values 
of 78 µg/ml and 313 µg/ml respectively. The MIC values obtained with 
C. equisetifolia extracts range from 0.625 mg/ml to 5 mg/ml and the 
best activities were obtained with methanol and hydroalcoolic extracts 
with MIC value of 0.625 mg/ml against Staphylococus aureus meticillin 
resitant (SARM). Overall, the antibacterial activity of extracts from O. 
corniculata is higher than extracts from C. equisetifolia. 
 
Total activity: The total activity of active extracts has been calculated 
(Table 4). The extracts with higher total activity (TA) values are 
considered the best. The most interesting total activities of O. 
corniculata were obtained with dichloromethane (149 ml) and 
hydroethanol (1689.7 ml) extracts against Staphylococus aureus 

meticillin resistant (MRSA) and S. epidermidis respectively while the methanol (144 ml) and hydroethanol (89 ml) 
extracts of C. equisetifolia showed best total activity against Staphylococus aureus meticillin resitant with (MRSA).  
 
3.3. Artemia salina toxicity assay 
Brine shrimp lethality test results are showed in Table 5. The LC50 values of the tested extracts ranged between 6.47 
and 26.87 mg/ml. The highest LC50 were obtained with the dichloromethane extract of C. equisetifolia (LC50 = 22.02 
mg/ml) and methanol extract of O. corniculata (LC50 = 26.87mg/ml). The hydroethanolic and methanol extracts of C. 
equisetifolia and, hydroethanolic extract of O. corniculata were more toxic to shrimp with LC50 of 8.76, 6.47, and 8.16 
mg/ml, respectively.  
 
4. DISCUSSION 
Medicinal plants are sources of antimicrobial agents, which can be exploited in the management of human diseases. 
The plants are used medicinally in different countries of the world and are a good source of many potent and 
powerful drugs (Mahesh and Satish, 2008). Resistance of pathogens to antibiotics and antifungal commonly used, the 
increase in opportunistic infections and the effect of toxicity due to the continued use of several drugs have led to 
increased attention paid to the search for new therapeutic agents from various sources, including plants, which are 
good starting materials for the discovery of new antimicrobial agents (Sasidharan et al. 2011; Saad et al. 2011). In the 
present study, biological activities of two medicinal plants of Benin pharmacopeia have been investigated. 

The MIC values obtained with O. corniculata extracts range from 0.078 mg/ml to 5 mg/ml and the hydroethanolic 
extract was the most active with MIC values of 0.078 mg/ml and 5 mg/ml against S. epidermidis and S. aureus 
respectively. Similar results have been obtained with aqueous extract of O. corniculata (CMI = 6 mg/ml) against S. 
aureus (Satish et al. 2008). MICs obtained with C. equisetifolia extracts range from 0.625 mg/ml to 5 mg/ml and 
methanol and hydroethanolic extracts showed the best activities with MIC value of 0.625 mg/ml against 
Staphylococus aureus meticillin resitant (SARM). Our results are more interesting than those obtained by Nehad and 
Abdulrahaman (2012) in which the methanol extract showed a MIC of 50 mg/ml against the same bacteria. It is highly 
probable that the antibacterial compounds of fruits of C. equisetifolia and leaves of O. corniculata are more soluble in 
the hydroalcoholic solvent. This explains the strong antibacterial activity of hydroethanolic extract against Gram 
positive and Gram negative bacterial strains. Usually, the use of alcohol as extractant is often encouraged to extract 
antimicrobial compounds from plant materials (Selowa et al. 2010; Sati and Joshi, 2011; Olajuyigbe and Afolayan, 
2012).  

The methanol and hydroethanol extracts gave a MIC value of 62.5 μg/ml against Staphylococus aureus meticillin 
resistant.  This is in agreement with work by Ahsan et al. (2009), in which they obtained a MIC value of 64 µg/ml for 
methanol extract of C. equisetifolia against S. aureus. These comparable results suggest that polar extracts of C. 
equisetifolia are more active against of S. aureus strains. Brine shrimp lethality assay showed interesting activity with 
LC50 values ranging from 6.47 to 26.87 mg/ml. These interesting results indicate that none of the extracts are toxic to 
larvae. This is confirmed by the work of Zakaria et al. (2007) in which the author states that extracts are toxic when 
the LC50 is less than 100 µg/ml. Thus, we concluded that all extracts tested in this study exhibited very low or no 
toxicity, giving LC50 values higher than 100 μg/ml. 
 
 
 

Table 5 
Brine shrimp lethality assay of extracts from C. equisetifolia and 
O. corniculata  
Species Extracts LC50 R2 
 
Casuarina 
equisetifolia 

DM 22.02 0.96 
MeOH 8.76 0.94 

H20/Et0H 6.47 0.90 

 
Oxalis corniculata 

DM 13.91 0.92 
MeOH 26.87 0.98 

H20/Et0H 8.16 0.95 

DM: dichloromethane; MeOH: methanol; H2O/EtOH: 
water/ethanol 

Artemia salina:  

It is a species of 

crustacean lives in salt 

lakes, lagoons and salt 

marshes. It is used to 

evaluate the 

preliminary toxicity of 

extracts, compounds 

or wastewater. 

SARM:  

Staphyloccocus 

aureus meticillin 

resistant 
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5. CONCLUSION 
This study confirmed the traditional use of O. corniculata and C. equisetifolia and suggests that some of the extracts 
having antibacterial properties can be further explored as a possible antibacterial agent source for the management 
of infectious pathogenic diseases.  The most important result was that hydroethanolic extract of O. corniculata 
revealed significant antibacterial effect against S. epidermidis. 

 
SUMMARY OF RESEARCH 
This work was used to evaluate the antibacterial and preliminary toxicity of two medicinal plants. The findings give a scientific basis to the 
traditional uses of O. corniculata and C. equisetifolia. 
  
FUTURE ISSUES 
It is still unknown which compounds are responsible for the biological activity of the two medicinal plants. Thus, bioassay-guided isolation and 
identification of the active secondary metabolites of these plants will be process. 
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