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Abstract                                                                                                                                    

Background: Bacteria may directly invade wounds producing inflammation and fluid 

exudation which interferes with the healing process. The bacterial toxins cause tissue damage 

and delay fibroplasia as well as collagen synthesis. Topical antimicrobial therapy is one of the 

most important methods of wound care. Wound healing is a natural process that enables tissue 

repair after an injury. One plant used traditionally in wound infection treatment is Moringa 

oleifera (M. oleifera). 

Objective: To assess the antibacterial activity of  Moringa oleifera active ingredients against 

bacterial species causing wound infections.                                                                                                 

Materials and methods: M. oleifera extracts were prepared by absolute methanol from     

M. oleifera seeds, leaves, and stem bark successively. Five standard bacterial species 

(Escherichia coli, Klebsiella  spp, Proteus spp, Staphylococcus aureus, and Pseudomonas spp)   

were used. The sensitivity pattern of 50 Staphylococcus aureus and 20 E.coli clinical isolates 

was determined by filter paper disc diffusion method and well diffusion method comparable to 

ciprofloxacin. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) were assessed. The active ingredients in M. oleifera extracts were identified using the 

infra-red redaction instrument. Phytochemical screening of different plant part extracts was 

performed.                                                                                                                                                            

Results: The extracts of seeds and stem bark dissolved in dimethyl sulfoxide (DMSO) and 

direct extracts without dilution were found to have a great effect in the inhibition of S. aureus 

and  E.coli. The active ingredients detected in both seeds and stem bark of Moringa oleifera were 

phenazinium, 7-(diethyamino)-3-[(2-hydroxy-1-naphthalenyl) azo]-2, 8-dimethyl-5-phenyl-

chloride. The Phytochemical screening of different plant part extracts was performed. The 20 

E.coli and 50 S. aureus clinical isolates showed varying results from the concentrations of the 

standard bacteria strains. The extracts dissolved in distilled water and tested by the filter paper 

disc diffusion method showed no effect on bacterial species investigated. The extracts of 

Moringa olifera leaves did not show any inhibition zones against the bacterial species tested for 

all concentrations.  
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Conclusion: Moringa oleifera seeds and stem bark extracts had an antibacterial activity against 

S. aureus and E.coli and it may be used in treatment of wound infection. Moringa oleifera leaf 

extract had no antibacterial activity against the bacterial species investigated. 
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Introduction    

The goal of topical antimicrobial therapy in wound care is to control microbial colonization and 

subsequent proliferation, thus promoting the healing of wounds. Some medicinal plants have 

been employed in folk medicine for wound care. Some of these plants either promote direct 

wound repair or exhibit antimicrobial and other related properties which are beneficial in overall 

wound care. Recently, focus on plant research has increased and a large body of evidence has 

been collected to show immense potential of medicinal plants used in various traditional systems. 

Trees of the Moringaceae family are tropical trees with capsulated and dehiscent fruits. The 

plant kernel contains an oil rich in beta-carotene, plant sterols and lecithin. The oil contains 

unusual fatty acids. The significant cytotoxic activity against brine shrimp may be due to the 

presence of 4-alpha-1-rhamnosyl oxybenzyl isothiocyanate in the seeds of M. oleifera1.                                                            

In Sudan, powdered seeds of M. oleifera had been used in water purification. Reports had been 

elucidated on the findings of the antibiotic principle of M. oleifera seeds through their 

purification, elucidation, and antimicrobial properties, and also on the antibiotic substance of the 

roots of M. oleifera. The antibacterial activity of leaf juice and extracts of Moringa oleifera, 

belonging to the family Moringaceae, was determined in vitro, using disc diffusion and 

minimum inhibitory concentration (MIC) determination method against human pathogenic 

bacteria. The fresh leaf juice (10 μl disc-1), powder from fresh leaf juice, cold water extract of 

fresh leaf, each of disc, displayed a potential antibacterial activity against all the tested four 

Gram negative bacteria: Shigella shiga, Pseudomonas aeruginosa, Shigella sonnei and 

Pseudomonas spp.; and six Gram-positive bacteria: Staphylococcus aureus, Bacillus cereus, 

Streptococcus-B- haemolytica, Bacillus subtilis, Sarcina lutea and Bacillus megaterium. 

However, ethanol extract of fresh leaves exhibited inhibitory effect against all the tested Gram-

negative bacteria and Gram-positive bacteria except S. aureus and Streptococcus spp-B- 

haemolytica2.                                                                                                                                                         

The consequences of these investigations suggest that the extracts and juice of M. oleifera lam. 

can be used to discover the antibacterial agent for developing new pharmaceuticals to control 

human pathogenic bacteria responsible for severe illness2. S. aureus is the commonest pathogen 

isolated from subcutaneous abscesses and skin wounds. It also causes impetigo (small pustules 

that form yellow crusty sores, usually around the mouth. Penicillin and methicillin resistant 

strains of S. aureus are common causes of hospital-acquired wound infections .Also                                                      

P. aeruginosa is associated with infected burns and hospital-acquired infections. E. coli, Proteus 

species, Klebsiella species and Bacteroides species are the pathogens most frequently isolated 

from abdominal abscesses and wounds3.                                                                                                       

The objective of this study, was to assess the antimicrobial activity of Moringa oleifera                      
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methanolic extracts dissolved in (DMSO) and in distilled water against bacteria that were 

isolated by filter paper disc diffusion method, well diffusion method, minimum inhibitory 

concentration (MIC) method, and minimum bactericidal concentration (MBC) method. The 

study also was involved in detecting the phytochemical properties and the active inpatients of the 

of seeds and stem bark extracts.  

Materials and methods      
 

This was an experimental study conducted at the Department of Medical Microbiology,                           

Al Neelain University (Khartoum, Sudan); during the period from February to May 2017 using 

standard microbiological and chemical methods.                                                                                              

M. oleifera seeds, leaves, and stem bark were collected from the garden of Al Neelain University 

(Khartoum) by an aromatic plant specialist. The specimens were dried at room temperature for 

24 hours and stored until used.                                                                                                                

Preparation of the extracts:  This was performed by crushing 110 g of M. oleifera seeds, 70 g of 

leaves, and 90 g of stem bark into fine powder using a mortar. The extracts of this powder were 

obtained by mixing with absolute methanol using Soxhlet apparatus. The duration of mixing was 

10 hours (for leaves), 8 hours (for seeds and stem bark). The solvents were evaporated under 

reduced pressure using a rotary evaporator; then extracts were left for air drying4.                                                  

Filter paper disc diffusion method:  A loopful of 3-4 colonies of the bacterial isolates and the standard 

control strains were inoculated into 2 ml peptone water and incubated at 37ºC overnight. The standard 

control strains were S. aureus (ATCC 29213),  Proteus (ATCC13315), E.coli (ATCC 25922), 

Klebsiella  (ATCC 13883), and Pseudomonas (ATCC 27853). The bacterial suspensions were then 

adjusted with 0.5 McFarland turbidity standard4. The filter paper disc diffusion method was used to 

determine the antibacterial activity of the extracts. This was performed by inoculation of Mueller 

Hinton agar. 100 µl of the bacterial suspension was swabbed uniformly on the surface of Mueller 

Hinton agar, and the inoculum was allowed to dry for 5 minutes. Sterilized filter paper discs 

(Whatman, no 1 mm in diameter) were placed on the surface of the Mueller Hinton agar which 

was impregnated with a solution of each extract.  The inoculated plates were stored at 4 °C for 

2 hrs and then incubated at 37°C for 24 hrs in the inverted position. The result was read by 

measuring the inhibition zone and comparing that with ciprofloxacin inhibition zone. A zone 

more than 12 mm in diameter is considered sensitive5.                                                                                  

Well diffusion method:  The antimicrobial activity M. oleifera extracts and the standard control 

bacterial strains was determined using different extract concentrations. The concentrations of the 

extract were prepared by serial titration of the extract using (DMSO) solvent and distilled water. 

Final concentrations used were: 100 mg/ml,  200 mg/ml, 300mg/ml, 400 mg/ml and neat extract.   

Mueller Hinton agar plates were inoculated with 0.1 ml of each test organism using the spread 

plate method. Wells measuring 8 mm diameter were cut under aseptic conditions by sterile blue 

tips. Each well was filled with 20μl extract of the different, prepared concentrations and 

refrigerated for 2 hours to allow proper diffusion. The plates were incubated in an upright 

position at 37°C for 24 hrs. The result was read by measuring the inhibition zone and comparing 

that with ciprofloxacin inhibition zone. A zone more than 12 mm in diameter is considered 

sensitive5.                                                                                                                                                         
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Minimum inhibition concentration method:  The standard control bacterial strains and the bacteria 

clinical isolates were sub-cultured on nutrient agar plates and recovered to subculture again in peptone  

water and incubated at 37°C for 18 hrs. The subcultured peptone water growth was diluted with sterile                                                                                                                                                   
peptone water to 108 cfu and resultant turbidity was compared with 0.5 McFarland standard. Extract 

concentrations used were 100 mg/ml, 200 mg/ml, 300 mg/ml, 400 mg/ml, and neat extract. Then 200 µl 

of this peptone water were added in multiple tubes to 200 µl of each extract and incubated at 37 °C for   

24 hrs. The minimum inhibition concentration was read by the lowest extract concentration where 

there was no bacterial growth6.                                                                                                                                            

Minimum bactericidal concentration method:  The minimum bactericidal concentration (MBC) of the 

extracts was determined by sub-culturing on nutrient agar all clear tubes (without growth) resulted in the 

minimum inhibition concentration method and incubating them for 18-24 hrs. The MBC would be 

indicated by the tube with the lowest extract concentration where there was no growth6). 

Phytochemical analysis of M. oleifera extracts: 30 g of powdered leaves, seeds and stem park 

were separately macerated in 100 ml ethanol, methanol, chloroform and distilled water in conical 

flasks. The flasks were kept for 24 hrs at room temperature with intermittent shaking. Each 

extract was filtered, and 20% extract concentrations were prepared and refrigerated7.                           

All extracts were subjected to phytochemical analysis for the qualitative detection of saponin, 

tannins, alkaloids, flavoniods, alkaloids, steroids, terpenes, carbohydrates, and reducing sugars.                                                                                                                                                            

Detection of saponin:  0.5 ml methanolic extract was added to 5 ml distilled water in a test tube 

and vigorously shaken every 10 minutes for 30 minutes. Production of persistent froth indicates 

the presence of saponin.                                                                                                                                    

Detection of tannins:  2 ml water extract was added to 2 ml 10% ferric chloride solution in a test 

tube. Production of blue-black precipitate indicates the presence of tannins .                                                        

Detection of flavoniods: This was performed by two methods:6                                                                                                       

1. Shinoda's test: 2 ml ethanol extract were added to 0.5 ml concentrated hydrochloric acid and 

few pellets of magnesium turning in a test tube. Production of pink-tomato red color indicates the 

presence of flavonoids.                                                                                                                                               

2. Potassium hydroxide test: 2 ml ethanol extract were added to 1ml 1% potassium hydroxide 

solution in a test tube. Production of dark yellow color indicates the presence of flavonoids.        

Detection of alkaloids:  2 ml methanolic extract were added to 1ml 1% hydrochloric acid in a test 

tube and heated in a water bath for 10 minutes. 1 ml from this solution was mixed with 6 drops 

of Dragendorff’s reagent, Wagner’s reagent, and Mayer’s reagent. Production of an orange 

precipitate, a brownish-red precipitate, and creamy precipitate respectively indicate the presence 

of alkaloids.                                                                                                                                                         

Detection of steroids and terpenes: This performed by the Liebermann-Burchard reaction. 2 ml 

chloroform extract were added to 2 ml acetic anhydride solution and few drops of concentrated 

sulphuric acid in a test tube. Production of a blue-green ring between the layers indicates the 

presence of steroids; and production of a pink-purple ring indicates the presence of terpenes. 

Detection of carbohydrates (Molisch's test ):  2 ml ethanol extract were added to 2 drops of 

Molisch’s test reagent ( α-naphthol in ethanol) in a test tube and mixed thoroughly. Gently 5 ml 

concentrated sulphuric acid were added. Production of a purple color at the interface indicates 

the presence of carbohydrates.                                                                                                                         
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Detection of reducing sugars (Fehling’s test): 2 ml of Fehling’s reagent ( copper sulphate/sodium 

potassium tartrate in water) were added in an empty test tube to 3 drops ethanol extract and                                                                                                                          

heated in a water bath at 60 0C. Production of a green suspension and a red precipitate indicate 

the presence of reducing sugars. 

Results          

The antibacterial activity of Moringa oleifera leaves, seeds and stem bark extracts was 

determined in vitro, using the disc diffusion, well diffusion, minimum inhibitory concentration 

and minimum bactericidal concentration methods against human pathogenic bacteria that cause 

wound infections. Active ingredients in the extracts of seeds and stem bark were determined by  

phytochemical screening techniques.  

Stem bark and seeds extracts were found highly effective when dissolved in DMSO against                           

S. aureus and E. coli spp. However no effects were observed against Pseudomanas spp., Proteus 

spp and Klebsiella spp (Table 1).    
 

Table (1):  Inhibition zones (mm diameter) of ciprofloxacin, stem bark                                            

extract, and seeds extract against the bacterial species investigated 

 

Bacterial 

species 

Ciprofloxacin Stem bark extract Seeds extract 

Neat 400 mg/ml Neat 400 mg/ml 

E. coli 18 mm 21mm 11mm 19mm 14mm 

S. aureus 22 mm 23 mm 14mm 18 mm 16mm 

Pseudomonas  23 mm 11mm 9mm 9mm 4mm 

Klebsiella 17 mm  0  0  0  0  

Proteus 16 mm 0 0 0 0 

 

The MIC and MBC for both seeds and stem bark extracts against S. aureus was 200 mg/ml and 

300 mg/ml respectively.   

As regard the MIC and MBC of seeds extract against E. coli was 100 mg/ml and 200 mg/ml 

respectively.                                                                                                                                                      

Also the MIC and MBC of stem bark extract against E. coli was 200 mg/ml and 300 mg/ml 

respectively.                                                                                                                                                       

The filter paper disc diffusion method did not show any antibacterial activity against neither the 

standard control bacterial strains nor against the clinical bacterial isolates.  

Furthermore, leaf extract was also found to have no antibacterial activity against all standard 

control bacterial strains and the clinical bacterial isolates.  
 

The active ingredients found in seeds and stem bark extracts were phenazinium, 7-diethyamino-

3-[2-hydroxy-1-naphthalenyl)azo]-2, and 8-dimethyl-5-phenyl-chloride (C34H32N5O CL). 
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The active ingredients found in all seeds, stem bark, and leaves of M. oleifera extracts were  

alkaloids, flavonoids, carbohydrates, and reducing sugars (Table 2).  

      
Table (2):  Active ingredients of M. oleifera plant components 

Active ingredients  Seeds Stem bark Leaves 

Tannins - - + 

Alkaloids + + + 

Saponin - + + 

Steroids and terpenes - + + 

Flavonoids  + + + 

Carbohydrates           + + + 

Reducing sugars         + + + 

 

Discussion          
 

In this study, methanolic extracts of Moringa oleifera showed a sharp increase of zones of 

inhibition with increase in concentrations of the extracts from neat to 100 mg/ml concentration. 

There was an antibacterial activity of the extracts of seeds and stem bark; however, there was no 

an antibacterial activity of the extract of seeds leaves.                                                                                    

Also the extracts of seeds and stem bark of Moringa oleifera was found to have an antibacterial 

effect on S. aureus and E. coil); and no effect on Proteus, Klebsiella spp and Pseudomonas.                               

These findings agree with Hukkeri and his colleagues (2006) who reported an anti bacterial 

activity against Bacillus cereus, Candida albicans, Enterococcus faecalis, Staphylococcus 

aureus, Staphylococcus epidermidis, Bacillus subtilis, Pseudomonas aeruginosa, E.coli and 

Aspergillus niger8.                                                                                                                                       

Furthermore, our findings had confirmed the report of Faizi and his co-workers (1998) who 

investigated methanolic and aqueous extracts of the Moringa oleifera seeds; and found an  

appreciable, broad spectrum inhibitory effect against the bacteria isolated from wound 

infections9 .                                                                                                                                                           

On the other hand, this study reported similar findings to that reported by Nantachit and his co-

authors (2006) who assayed the antimicrobial and antifungal activity of the methanolic extracts 

of Moringa oleifera against potentially pathogenic microorganisms and found that S. aureus was 

sensitive to this methanolic extract10.                                                                                                 
This context had also confirmed the findings of Rahman and his colleagues (2009) who detected 

an antibacterial action of methanolic and purified dichloromethane extracts of the seeds against                                                                          
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both Gram positive and Gram negative organisms11.                                                                                

The aqueous extracts of Moringa oleifera did not exhibit any antibacterial activity against any 

bacteria at any concentration.                                                                                                                                       

Also, our findings were antagonistic with reports of Nepolean and his colleagues (2009) who 

found an antimicrobial activity of Moringa oleifera leaves, roots, bark, and seeds against 

bacteria, yeast, dermatophytes and helminths; and the fresh leaf juice and aqueous extracts of 

seeds inhibited growth of Pseudomonas aeruginosa and Staphylococcus aureus. No activity was 

detected against other Gram-positive, Gram-negative bacteria, and Candida albicans12.                                                                                                                                                       

Again our findings disagreed with Rathi and his co-workers (2006) who found an antimicrobial 

activity of petroleum, ether, chloroform, ethanol, and aqueous extracts against Moringa oleifera 

leaf against four microorganisms: Escherichia coli ,Staphylococcus aureus, Klebsiella 

pneumoniae, and Streptococcus pneumoniae7.                                                                                          

The phytochemical analysis of Moringa oleifera seeds extract had detected the presence of 

alkaloids, flavonoids, carbohydrates, and reducing sugars. No tannins, steroids, terpenes, or 

saponin were detected. Alkaloids reported in the present study was not found by Napolean . 

(2009). For stem bark, our study detected alkaloids, saponin, steroids, terpenes, flavonoids, 

carbohydrates  and reducing sugars; and did not contain tannins. For leaves, the study found that 

it contains tannins, alkaloids, saponins, steroids, terpenes, flavonoids, carbohydrates and 

reducing sugars12.                                                                                                                                           

Furthermore, since Moringa oleifera grows in varying habitats, a great magnitude of variation in 

the concentration and composition of the phytochemical ingredients is expected. Moreover, 

phytochemicals may be produced in response to perceived threats; and therefore this variation 

may exist in production of these phytochemicals depending on the type and amount of threat 

encountered by this plant.                                                                                                                           

The findings of this study suggest a new pathway in a potent antimicrobial agent from Moringa 

oleifera. They indicate that Moringa oleifera had an antimicrobial activity and could be 

developed as a phytomedicine. The study also had clearly shown an antibacterial activity of 

methanolic extract of Moringa oleifera on bacteria that cause wound infection.                                    

Conclusion: Moringa oleifera seeds and stem bark extracts had an antibacterial activity against S. 

aureus and E.coli and it may be used in treatment of wound infection. Moringa oleifera leaf 

extract had no antibacterial activity against the bacterial species investigated. 
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