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ABSTRACT 

Purpose: Various parts of Moringa oleifera Lam. (Moringaceae) are used in traditional 

systems of medicine. This study investigates the antimicrobial activity of the crude aqueous 

extract and polyphenol enriched fractions of M. oleifera leaves at the flowering stage against 

microbial strains causing oral and wound infections.  

Methods: Polyphenol enriched fractions (hydroalcoholic extract, methanol fresh leaves 

extract, methanol dry leaves extract and decoction) were prepared using four different methods 

and total polyphenolic content (TPC) and total flavonoid content (TFC) of the extracts were 

determined. Crude aqueous extract and the fractions were tested against ATCC reference 

strains of Escherichia coli and Candida albicans (oral pathogens) and Streptococcus aureus 

and Staphylococcus pyogenes (wound pathogens) using agar well diffusion method. 

Gentamycin and clotrimazole were used as the positive controls for bacteria and fungi 

respectively and distilled water was used as the negative control.  

Results: Methanol dry leaves extract demonstrated highest values of TPC (11.92 ±0.39 mg 

GAE/g) and TFC (41.68±0.82 mg QE/g). Each polyphenol fraction demonstrated antibacterial 

activity against E. coli, S. aureus and S. pyogenes at concentrations of 500 - 1000 mg/ml. 

Hydro-alcoholic and methanol (fresh leaves) extracts demonstrated antifungal activity against 

C. albicans. The crude aqueous extract exhibited dose dependent antibacterial activity against

S. aureus. All extracts demonstrated less antibacterial activity against S. pyogenes compared to

S. aureus.

Conclusion: Polyphenol rich fractions of M. oleifera leaves at the flowering stage possessed

antimicrobial activity against E. coli, S. aureus, S. pyogenes and C. albicans.
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INTRODUCTION 

Herbal medicines have high demand due to 

the problems associated with the synthetic 

medicines such as high cost, side-effects and 

inefficient access.(1) Therefore, it is essential 

to develop novel herbal medicines to meet 

the demand for herbal medicines.(2) Oral 

infections have become one of the major 

health problems worldwide in all 

populations, especially in children and 

infants.(3) Major bacterial species 

responsible for oral infections are 

Staphylococcus mutans, S. oralis, S. 

sanguinis and Escherichia coli. These 

organisms are known to cause gingivitis and 

periodontal diseases.(4) Oral infections of 

fungal origin are mainly caused by Candida 

leading to “oral thrush” and results in white 

or creamy patches on the moist surfaces of 

the mouth.(5) Wound infections are a 

common cause of morbidity and mortality. 

Between 7% - 15% of hospitalized patients 

are affected by wound infections globally.(6) 

Growth and persistence of infected bacteria 

on a wound is promoted by the polymicrobial 

biofilm formation.(7) Both Gram-negative 

bacteria (E. coli, Pseudomonas aeruginosa 

and Klebsiella pneumoniae) and Gram-

positive bacteria (S. aureus, Streptococcus 

pyogenes and Enterococcus faecalis) can be 

identified as wound pathogens.(8) 

Polyphenols are secondary metabolites and 

exhibit a significant structural variability. 

These compounds possess a wide range of 

biological activities including antimicrobial 

activity.(9) Antimicrobial activity of plant 

phenols against Gram-positive bacteria is 

reported in literature.(9) Moreover, in vitro 

experiments have proven the activity of 

phenolic compounds against Candida 

species.(10) 

Moringa oleifera. Lam (Family: 

Moringaceae), is known as Murunga in 

Sinhala and Sahinjan in Hindi. Other 

vernacular names of M. oleifera are Horse 

radish tree, Drumstick plant and Murungai. 

M. oleifera is a fast-growing soft wood tree

which can reach 12 m in height. This plant

can grow in tropical and sub-tropical regions

in dry to moist climates. Therefore, it has an

ability to grow in a range of temperatures

between 18 - 28oC.(11)  Flowers and fruits of

M. oleifera originate twice a year.(12) This

plant is indigenous to North India and is

widely grown in South Eastern Asian

countries like Thailand and Philippines.(11)

Dried leaves of M. oleifera are rich in 

polyphenols where flavonoids (quercetin, 

rutin, myricetin) and phenolic acids (gallic 

acid, caffeic acid, ellagic acid, ferulic acid, 

coumaric acid, chlorogenic acid, syringic 

acid, gentisic acid and sinapic acid) are 

prominent.(13) Various parts of M. oleifera 

are used in traditional systems of medicine to 

treat malaria, typhoid fever, parasitic disease, 

arthritis, hypertension and diabetes. Further, 

parts of M. oleifera is used as an 

immunomodulator, cardiac stimulant and a 

contraceptive.(14,15) Reported biological 

activities of M. oleifera leaves include 

antioxidant, anti-inflammatory, 

antimicrobial, anticancer, antihypertensive 

and antiproliferative activities.(16-18) 

Polyphenols of M. oleifera leaves have 

demonstrated antimicrobial activity against 

E. coli, K. pneumonia, P. aeruginosa and

Bacillus subtilis.(19) Total phenolic content

(TPC) of leaves of many plants is higher at

the flowering stage.(20,22) Despite

previously reported data suggesting the

abundance of polyphenols in leaves at the

flowering stage, polyphenol enriched

fractions of M. oleifera leaves at the

flowering stage were not tested for

antimicrobial activity. Therefore, the aim of

the present study was to investigate the

antimicrobial activity of M. oleifera leaves at

the flowering stage against microbial strains

causing oral and wound infections. Thus, a

crude aqueous extract and polyphenol
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enriched fractions of M. oleifera leaves at the 

flowering stage were used for this study. 

MATERIALS AND METHODS 

Collection, identification and 

authentication of Moringa oleifera: Fresh 

leaves of M. oleifera were collected at the 

flowering stage of the plant from Kanangama 

area in Sabaragamuwa province (GPS 

location:           https://maps.app.goo.gl/Puup 

K1yUSr9kNbn38), Sri Lanka during the 

months of May and September, 2020 and 

authenticated at the National Herbarium, 

Botanical Garden, Peradeniya, Sri Lanka. 

Preparation of the crude aqueous extract 

of Moringa oleifera leaves: Leaves of M. 

oleifera were washed, air dried for three days 

and dried in a hot air oven (Mammert DIN 

40050-IP20, Apeldoorn, Netherland) at 

40oC, powdered to a coarse powder and 

stored in airtight bottles. A sample (50 g) of 

the dry powder was added to a round bottom 

flask containing 500 ml of distilled water and 

refluxed for four hours. Then the extract was 

filtered and concentrated using a rotary 

evaporator. The extract was stored at 4oC 

until use. 

Extraction of polyphenol enriched 

fractions from leaves of Moringa oleifera 

leaves: Four different extraction methods 

were used to extract polyphenol enriched 

fractions. 

Hydroalcoholic extract:  Dried and 

powdered M. oleifera leaves (50 g) were 

blended (BL440, Kenwood, China) with 400 

ml of a hydro alcoholic solution (ethanol: 

distilled water, 70:30 v/v) and shaken using a 

mechanical shaker (Shaker RJH5005, 

Richard James Hilfiger, China) at room 

temperature for 60 minutes. The extract was 

filtered and concentrated by rotary 

evaporation.(23) 

Methanol fresh leaves extract: Fresh leaves 

of M. oleifera (200 g) were finely crushed 

and blended with 500 ml of methanol at room 

temperature (28–30oC). The blended material 

was filtered and the filtrate was left for 48 

hours in a refrigerator. The extract was 

concentrated by rotary evaporation.(24) 

Methanol dry leaves extract: Dried leaves 

of M. oleifera (100 g) were crushed and 

blended with 300 ml of methanol. Blended 

material was filtered, and the filtrate was left 

for 48 hours in a refrigerator. The extract was 

concentrated by a rotary evaporator.(25) 

Decoction: Crushed dry leaves of M. oleifera 

(50 g) were blended with 750 ml of distilled 

water. The extract was stirred at 100oC for 45 

minutes under magnetic stirring. The 

decoction was filtered and concentrated with 

rotary evaporation.(23) 

Quantification of total polyphenol content 

of the crude aqueous extract and 

polyphenol enriched fractions of Moringa 

oleifera leaves at the flowering stage: A 

weight of 0.1 g of each extract was dissolved 

in its respective solvent (1 ml) and 

considered as the stock solution. The stock 

solution was diluted to half of the original 

stock solution concentration. A volume of 20 

µl of each extract were mixed with 110 µl of 

the Folin-Ciocalteu reagent (diluted 1:10 

with deionized water) and was neutralized 

with 70 µl of a sodium carbonate solution 

(7.5 %, w/v). The reaction mixtures were 

incubated at room temperature for 30 minutes 

with intermittent shaking for colour 

development, followed by diluting the 

reaction mixtures with 3 ml of distilled water. 

The absorbance of the resulting solution was 

measured at 765 nm using a UV–VIS 

Spectrophotometer (Spectrophotometer UV-

1601, Shimadzu, Japan). TPC of each extract 

was determined from a linear equation of a 

standard curve prepared with gallic acid. The 

content of total phenolic compounds was 

expressed as mg gallic acid equivalents 

(GAE)/g of the dry extract.(12) 

Quantification of the total flavonoid 

content of the crude aqueous extract and 

polyphenol enriched fractions of Moringa 
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oleifera leaves at the flowering stage: A 

stock solution was prepared by adding 0.1 g 

of each extract into respective solvent (1 ml). 

The stock solution was diluted to half of the 

original stock solution concentration. Then 

100 µl aliquots of each extract were mixed 

with 100 µl of a prepared aluminium chloride 

solution (2% w/w of aluminium chloride in 

methanol). The reaction mixtures were 

incubated at room temperature for 10 minutes 

with intermittent shaking for colour 

development. The absorbance of the resultant 

solution was measured at 415 nm using a UV 

–VIS Spectrophotometer. The total flavonoid

content (TFC) of each extract was

determined from a linear equation of a

standard curve prepared with quercetin. The

content of total flavonoid compounds was

expressed as mg quercetin equivalents

(QE)/g of dry extract. (26)

Determination of the antimicrobial 

activity of crude aqueous extract and 

polyphenol enriched fractions of Moringa 

oleifera leaves at the flowering stage 

against microbial strains causing oral 

infections: The antimicrobial activity of the 

crude aqueous extract of M. oleifera leaves 

and each polyphenol enriched fractions 

against microbial strains causing oral 

infections, was determined by the agar well 

diffusion method.(27) Isolates of ATCC 

reference strains of E. coli (25922) and 

ATCC reference strains of C. albicans 

(10231) were obtained from the Department 

of Microbiology, Faculty of Medical 

Sciences, University of Sri Jayewardenepura, 

Sri Lanka.  Subcultured organisms were used 

to prepare microbial suspensions. The 

turbidity of the suspensions was adjusted to 

0.5 McFarland standard (1x108 CFU/ml).  

A weight of 38.0 g of Mueller Hinton agar 

was dissolved in 1L of distilled water. Media 

were sterilized by autoclaving at 121oC for 

15 minutes. Liquid agar was poured to agar 

plates and was kept aside for the medium to 

solidify.(28) Prepared inocula of E. coli and 

C. albicans were spread on the surface of

Mueller Hinton agar plates using a sterile

cotton swab. Plates were allowed to dry for 5

minutes. Wells were cut in the agar plate by

using a sterile dropper with 6 mm diameter.

A drop of molten agar was added to each well

to seal the bottom of the well. The extract and

fractions were diluted by half to construct a

concentration series (62.5 mg/ml, 125

mg/ml, 250 mg/ml, 500 mg/ml and 1000

mg/ml). A volume of 40 µl of each

concentration was added to the wells.

Bacterial cultures were incubated at 37oC for

24 hours and fungal cultures for 48 hours.

Gentamycin (0.3% w/v) and clotrimazole

(1% w/v) were used as positive control for

bacteria and fungi respectively.

Antimicrobial activity was determined by

measuring the zone of inhibition around the

well.

Determination of the antimicrobial 

activity of the crude aqueous extract and 

polyphenol enriched fractions of Moringa 

oleifera leaves at the flowering stage 

against microbial strains causing wound 

infections: The antimicrobial activity of the 

crude aqueous extract of M. oleifera leaves 

and each polyphenol enriched fractions 

against microbial strains causing wound 

infections, was determined by the agar well 

diffusion method.(29) ATCC reference 

strains of S. aureus (25923) and S. pyogenes 

(19615) were obtained from the Department 

of Microbiology, Faculty of Medical 

Sciences, University of Sri Jayewardenepura, 

Sri Lanka. Subcultured organisms were used 

to prepare microbial suspensions. The 

turbidity of the suspensions was adjusted to 

0.5 McFarland standard (1x108 CFU/ml).  

Prepared inocula of S. aureus and S. 

pyogenes were spread on the surface of 

Mueller Hinton agar and blood agar 

respectively, using sterile cotton swabs. 

Blood (7 % v/v sterile, defibrinated blood) 

was added aseptically to the medium during 
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the preparation of blood agar plates.(30) 

Plates were allowed to dry for 5 minutes. 

Wells were cut by using a sterile dropper with 

6 mm diameter. A drop of molten agar was 

added to each well to seal the bottom of the 

well. The extract and the fractions were 

diluted by half to construct a concentration 

series (62.5 mg/ml, 125 mg/ml, 250 mg/ml, 

500 mg/ml and 1000 mg/ml). A volume of 40 

µl of each concentration was added to the 

wells. Cultures were incubated at 37oC for 24 

hours and gentamycin (0.3% w/v) was used 

as the positive control. Antimicrobial activity 

was determined by measuring the zone of 

inhibition around the well.  

Statistical analysis: The data were presented 

as mean ± SD (Standard Deviation) of three 

replicates. One-way analysis    of    variance  

(ANOVA)     was performed by using IBM 

SPSS statistics 25 Software. P values < 0.05 

was considered significant. 

 

 

 

 

RESULTS 

Extraction yields of the crude aqueous 

extract and its fractions of Moringa 

oleifera leaves at the flowering stage: The 

yields (w/w, dry weight basis) of crude 

aqueous extract, hydroalcoholic extract, 

methanol fresh leaves extract, methanol dry 

leaves extract and decoction were 20.6%, 

17.5%, 10.4%, 15.2% and 11.6% 

respectively. 
ft 

Quantification of the total polyphenol 

content and the total flavonoid content of 

crude aqueous extract and polyphenol 

enriched fractions of Moringa oleifera 

leaves at the flowering stage: The TPC and 

TFC of the crude aqueous extract and 

polyphenol enriched fractions of M. oleifera 

leaves at the flowering stage are represented 

in Table 1 and Table 2, respectively. 

According to the results, methanol dry leaves 

extract of M. oleifera contained the highest 

TPC and TFC. 

 

 

Table 1: Total polyphenolic content of crude aqueous extract of Moringa oleifera leaves 

and polyphenol enriched fractions at the flowering stage  

Crude 

aqueous 

extract 

Hydroalcoholic 

extract 

Methanol 

fresh leaves 

extract 

Decoction Methanol 

dry leaves 

extract 

Total 

polyphenol 

content (mg 

GAE /g) 

0.14±0.11 3.10±0.16 10.76±0.41 2.56±0.63 11.92 ±0.39 

Data presented as Mean ± SD 

Table 2: Total flavonoid content of crude aqueous extract of Moringa oleifera leaves and 

polyphenol enriched fractions at the flowering stage 

Crude 

aqueous 

extract 

Hydroalcoholic 

extract 

Methanol 

fresh leaves 

extract 

Decoction Methanol 

dry leaves 

extract 

Total flavonoid 

content (mg 

QE/g) 

11.27±0.87 27.72±0.96 21.89±0.13 8.48±0.045 41.68±0.82 

Data presented as Mean ± SD 
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Determination of the antimicrobial 

activity of the crude aqueous extract and 

polyphenol enriched fractions of Moringa 

oleifera leaves at the flowering stage 

against microbial strains causing oral 

infections: Varying antimicrobial activity 

was observed as different zones of inhibition 

of bacteria and fungi among the crude 

aqueous extract of M. oleifera leaves and the 

polyphenol enriched fractions. The results 

obtained are reported in Figure 1.  

The results indicate that the highest 

concentration of the crude aqueous extract of 

M. oleifera leaves exerted antibacterial

activity against E. coli. The crude aqueous

extract of M. oleifera leaves did not show

antifungal activity against C. albicans at the

concentrations tested. The diameter of the

zone of inhibition (mm) of gentamycin

against E. coli was 25.66±0.57 mm and that

of clotrimazole against C. albicans was

37.0±0.29 mm.

 

 

 

 

 

Figure 1: Diameter of the zones of inhibition of different concentrations of crude 

aqueous extract of Moringa oleifera leaves and polyphenol enriched fractions at the 

flowering stage against microbial strains causing oral infections.  

A: The diameter of zone of inhibition (mm) of different extracts against Escherichia coli 

B: The diameter of zone of inhibition (mm) of different extracts against Candida 

albicans. 
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Determination of the antimicrobial 

activity of the crude aqueous extract and 

the polyphenols enriched fractions of 

Moringa oleifera leaves at the flowering 

stage against microbial strains causing 

wound infections: Antimicrobial activity of 

the     crude    aqueous    extract    and    each 

polyphenol rich fractions of leaves of M. 

oleifera at the flowering stage was tested 

against S. aureus and S. pyogenes that cause 

wound infections (Figure 2). The diameter of 

zone of inhibition (mm) of gentamycin 

against S. aureus and S. pyogenes was 

31.0±0.2 mm. 

 

 

 

Figure 2: Diameter of the zones of inhibition of different concentrations of crude 

aqueous extract and polyphenol enriched fractions of Moringa oleifera leaves at the 

flowering stage against microbial strains causing wound infections.  

A: The diameter of zone of inhibition (mm) of different extracts against Staphylococccus 

aureus 

B: The diameter of zone of inhibition (mm) of different extracts against Streptococcus 

pyogenes. 
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DISCUSSION 

Moringa oleifera is a plant rich in 

polyphenols. The principal polyphenolic 

compounds reported in M. oleifera leaves are 

flavonoids and phenolic acids.(15) Some of 

the isolated and characterized polyphenols 

from M. oleifera are quercetin-3-o-glucoside, 

kaempferol-3-o-malonylglucoside and 

quercetin-3-o-(6’’-malonyl)glucoside.(31) 

There are various extraction methods adapted 

for isolation of polyphenols including 

Soxhlet extraction, maceration, reflux 

extraction, distillation and low-pressure 

solvent extraction. Microwave and ultrasonic 

assisted extractions, supercritical fluid 

extraction, and accelerated solvent extraction 

are considered as novel extraction methods of 

polyphenols.(32) 

According to literature, TPC of many plants 

leave is higher at the flowering stage.(20-22) 

In the present study, crude aqueous extract 

and polyphenolic rich fractions (methanol 

dry leaves extract, methanol fresh leaves 

extract, hydroalcoholic extract, and 

decoction) of M. oleifera leaves at the 

flowering stage were tested for microbes that 

cause oral infections (E. coli and C. albicans) 

and wound infections (S. aureus and S. 

pyogenes). There is a paucity of studies, 

reporting on extraction of polyphenols of M. 

oleifera leaves at the flowering stage. Hence, 

this would be the first report of a study 

exploring the antimicrobial activity of 

polyphenol enriched fractions of M. oleifera 

leaves at the flowering stage against 

microorganisms causing oral and wound 

infections. 

In the present study, the highest amounts of 

TPC and TFC were observed in the 

polyphenol enriched fractions extracted 

using methanol. A similar phenomenon has 

been discovered by other scientists as well. 

According to Rocchetti et al. different 

solvent extractions were used to quantify the 

TPC and TFC amounts in M. oleifera leaves. 

Moreover, they found that highest amounts 

of TPC and TFC were present in methanol 

extract.(13) Reported values of TPC and TFC 

of M. oleifera leaves were at a range of 12.2 

-20.9 mg GAE/g of dry weight and 5.059 -

12.16 mg QE /g of dry weight

respectively.(13) In the present study, the

TFC in methanol dry leaves extract

(41.68±0.82 mg QE/g) of M. oleifera was

higher than the reported value. Zhu et al.

have reported a significant correlation

between the polyphenol profile and the

collection area of plant material.(33) Due to

the differences in cultivation conditions,

climate, or soil environment, accumulation of

different polyphenols was reported.(33)

Moreover, such wide range of reported

values would also be due to different

environmental conditions in the various

countries of origin, the harvesting season, the

genetic of the plant, the drying method, the

leaf maturity stage and the extraction method

used.(33)

Microorganisms were selected for testing on

the basis of causing oral infections. E. coli is

responsible for the many types of bacterial

oral infections in humans. Common oral

infections such as gingivitis, periodontitis,

mucositis and stomatitis occur due to E. coli

infection.(34) C. albicans is the most

common disease causing Candida species in

the oral cavity. Candidiasis frequently occurs

in the very young, elderly and immune

deficient persons. It can result in prolonging

the use of antibiotics and resulting in the

decrease of normal bacterial flora in the

mouth. (5)

The results of the present study indicated that

the highest concentration of the crude

aqueous extract of M. oleifera leaves exerted

antibacterial activity against E. coli. Further,

E. coli is reported to be resistant to Moringa
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extracts.(35-36) Antimicrobial activity of the 

crude aqueous extract of M. oleifera leaves 

was greater against Gram-positive bacteria 

than against Gram-negative bacterial 

strains.(36) Moreover, according to the 

results of the present study, the crude 

aqueous extract of M. oleifera leaves did not 

show antifungal activity against C. albicans 

at the tested concentrations. Similar 

observations were reported in several studies 

where the water extract of M. oleifera leaves 

was resistant to C. albicans.(27,37). 

However, the C. albicans was sensitive to the 

water and alcohol extracts of M. oleifera 

seeds.(37) In addition, essential oil of M. 

oleifera seeds demonstrated antifungal 

activity against C. albicans.(38) 

All four polyphenol enriched fractions of M. 

oleifera leaves at the flowering stage, at 

concentrations of 1000 mg/ml and 500 

mg/ml demonstrated antibacterial activity 

against E. coli and was sensitive to the 

methanol fresh leaves extract even at 250 

mg/ml (Figure 1A). TPC was highest in the 

methanol dry leaves extract, as evident by the 

results of the present study. M. oleifera dry 

leaves extract in methanol at a concentration 

of 1000 mg/ml was more active against 

growth inhibition of E. coli. This is probably 

attributable to the high TPC in the methanol 

dry leaves extract. A similar finding is 

reported in literature where it is shown that 

the TPC is directly proportional to the 

antibacterial activity.(18) According to the 

findings by Rocchetti et al. the methanol 

extract was characterized by the highest 

TPC.(13) These findings emphasize the 

choice of extraction solvent in isolation of 

polyphenols as a critical factor for obtaining 

the desired antimicrobial activity. The 

phenolic class is highly affected by the 

solvent used to extract. However, it is 

noteworthy that the existing literature does 

not provide supporting information on 

extraction of polyphenols of M. oleifera 

leaves at the flowering stage. 

Conversely, C. albicans was only sensitive to 

the methanol fresh leaves extract (250-1000 

mg/ml) and the hydroalcoholic extract (500-

1000 mg/ml). Among these two extracts, the 

methanol fresh leaves extract has shown the 

highest antifungal activity against C. 

albicans (Figure 1B). A similar finding was 

observed in the study conducted by Maqsood 

et al. where the methanol extract exerted 

higher antifungal activity against C. albicans 

than the hydroalcoholic extract. (39) 

Microorganisms causing wound infections 

(S. aureus and S. pyogenes) were selected in 

this study. As evident by the results, the 

tested concentrations of the crude aqueous 

extract of M. oleifera leaves exhibited dose 

dependent antimicrobial activity against S. 

aureus. Similar type of dose dependent 

antibacterial activity of the crude extract of 

M. oleifera seeds against S. aureus was

reported by Jabeen et al.(40) However, as

depicted in Figure 2, S. pyogenes was

resistant to the crude aqueous extract of M.

oleifera leaves at concentrations ranging

from 62.5-250 mg/ml. Similarly, S. pyogenes

was resistant to the water extract of M.

oleifera leaves at the concentration range

15.6 – 500 mg/ml.(37) Different polyphenol

enriched fractions exerted varying degrees of

inhibition zones against wound pathogens (S.

aureus and S. pyogenes). Virtually all the

fractions showed appreciable inhibition of S.

aureus. All four polyphenol enriched

fractions of M. oleifera leaves at the

flowering stage, at concentrations of 1000

mg/ml and 500 mg/ml demonstrated

antibacterial activity against S. aureus and S.

pyogenes (Figure 2). S. aureus was sensitive

to the methanol fresh leaves extract at

concentrations ranging 62.5-1000 mg/ml.

However, the methanol dry leaves extract

demonstrated antibacterial activity at

https://www.sciencedirect.com/science/article/abs/pii/S0963996919305988#!
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concentrations ranging from 250-1000 

mg/ml against S. aureus (Figure 2). In the 

present study comparing the antibacterial 

activity of the fresh and dried M. oleifera 

leaves in methanol extract against S. aureus, 

exhibited that the fresh leaves extract was 

more effective than the dried one. This 

observation is in line with reported data.(41) 

All polyphenol enriched fractions have 

demonstrated less antibacterial activity 

against S. pyogenes when compared to S. 

aureus (Figure 2).  Similar results were 

reported in previous studies that proved S. 

aureus is more sensitive to plant antibacterial 

agents than S. pyogenes.(42) The decoction 

of M. oleifera leaves has demonstrated least 

antibacterial activity against S. aureus among 

all the tested extracts (Figure 2). A similar 

finding was observed in a study conducted by 

Ibrahim and Kebede where the methanol 

extracts of Moringa leaves had the highest 

antibacterial activity against S. aureus.(43) 

This study and literature demonstrate that, 

the methanolic extracts of the leaves of M. 

oleifera were more effective than the aqueous 

extracts, indicating that methanol is a better 

solvent than water.(44) Among the four 

polyphenol enriched fractions obtained from 

M. oleifera leaves, the fractions extracted to

methanol showed the highest TPC. Methanol

extracts were more active against the growth

of S. aureus (Figure 2). This is probably

attributable to the high TPC in polyphenol

enriched fractions extracted to methanol.

Polyphenol enriched fractions extracted to

methanol exhibited antibacterial activity

against E. coli, S. aureus, S. pyogenus and

antifungal activity against C. albicans.

However, detailed studies on the specific

bioactive molecules in each polyphenolic

enriched fraction responsible for the

antimicrobial attributes and their mechanism

of action is required. Therefore, it is highly

recommended to conduct bioactivity guided

fractionation of the methanol fractions in 

order to isolate antimicrobial compounds. 

Mechanism of action of polyphenols which 

are thought to be responsible for 

antimicrobial activity includes enzyme 

inhibition by the oxidized compounds, 

irreversible binding with proteins, 

inactivating enzymes, binding to adhesins on 

the microbial cell surface, binding to cell wall 

proteins, and interacting with substrates, 

rendering them unavailable to the 

microorganism, complexing with metal ions, 

and others.(16) However, the mechanism of 

action of antimicrobial activity of the 

polyphenol enriched fractions was not 

evaluated under this study. 

Despite the common belief that medicinal 

plants are safe, it is necessary to evaluate any 

possible adverse-effects which associate with 

them. Similarly, many in vitro and in vivo 

studies were conducted to evaluate the 

toxicity of M. oleifera leaves. The hot water 

extract of M. oleifera leaves was safe at ≤ 

1000 mg/kg for Sprague-Dawley rats in vivo 

and cytotoxicity was at 20 mg/ml in vitro. 

Moreover, hot water extract of M. oleifera 

leaves was genotoxic at a dose of 3000 mg/kg 

in vivo. (45) According to Awodele et al. cold 

water extract of M. oleifera leaves did not 

exhibit any significant toxicity in terms of 

haematological and biochemical parameters, 

sperm quality or weight gain in male Wistar 

albino mice and the LD50 value was 1585 

mg/kg.(46) 

CONCLUSION 
In conclusion, crude aqueous extract and 

polyphenols enriched fractions of M. oleifera 

leaves at the flowering stage have potential 

antimicrobial effects on oral (E. coli and C. 

albicans) and wound (S. aureus and S. 

pyogenus) pathogens. The study warrants the 

necessity of bioactivity guided fractionation 
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in order to isolate and characterize 

antimicrobial compounds from polyphenol 

enriched fractions of leaves of M. oleifera at 

the flowering stage. 
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