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ABSTRACT 

The n- Hexane, ethyl acetate, methanol and distilled water Leaf, Stem, Flower and Fruit extracts of Moringa oleifera 

were evaluated for their antibacterial activity against six Gram-Negative and Gram-Positive bacteria and antifungal 

activity against seven fungal strains using Ciprofloxacin, Doxycycline, Fluconazole and Ketacozole as positive control. 

The activity was analyzed by well diffusion and two-fold serial broth dilution method of different extract. The study 

revealed that all the extracts irrespective of their types, in different concentrations inhibited growth of the test pathogens 

to varying degrees. Ethyl acetate extract showed maximum activity against all the bacterial strains followed in 

descending order by methanol, n-.Hexane and distilled water extracts. Ethyl acetate extract showed high antibacterial 

activity against Serratia marcescens (22mm) Methanol and n-Hexane extract were effective against Enterococcus 

faecalis and Bacillus subtilis (10mm) respectively. Aqueous extract showed maximum number of inhibition against 

Staphylococcus aureus (27mm) and Micrococcus luteus (18mm). Ethyl acetate extract showed maximum inhibition 

against Trichoderma harzianum (16mm) than other extracts were ineffective against selected fungus. MIC values were 

recorded as 0.125 to 4mg/ml. The phytochemical screening revealed the presence of phenols and flavonoids. Expression 

to these results it may be concluded that M. oleifera may be a potential source for the curing of various infectious 

diseases caused by the resistant microbes.  
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INTRODUCTION 

India is a varietal emporium of medicinal plants and is 

one of the richest countries in the world as regards to 

genetic resources of medicinal plants1. A survey 

conducted by the All India Coordinated Research Project 

on Ethnobiology (AICRPE) during the last decade 

recorded over 8000 species of wild plants used by the 

tribals and other traditional communities in India for 

treating various health problems2. Medicinal plants and 

plant-derived medicines are widely used in different 

traditions all over the world and they are becoming 

increasingly popular in modern scientific communities as 

natural alternatives to synthetic chemicals3. The trees and 

shrubs have wide range of benefits to human beings 

amongst other include medicine and foods4-8. To prevent 

and cure different human diseases recently, considerable 

attention has been paid to eco-friendly and bio-friendly 

plants9. The rich knowledge base of countries like India 

and China in medicinal plants and health care has led to 

the keen interest by pharmaceutical companies to use this 

knowledge as a resource for research and development 

programs in the pursuit of discovering novel drugs. Data 

analysis has shown that more and more people are 

consulting the herbal medicine practitioners. World 

Health Organization has also identified the importance of 

herbal medicines. Approximately 60-70% patients living 

in rural areas are dependent on herbal medicine. Several 

authors have reported favorable results with herbal drugs 

(mostly in the form of extracts) either in animal or in 

human studies10. Medicinal plants are the main source of 

pharmaceuticals and healthcare products11. The use of 

medicinal plants is a source of extraction and 

development of several drugs from these plants12. Plants 

consist of many secondary metabolites such as alkaloids, 

phenolic compounds, etc which possesses antimicrobial 

properties. In developing countries the practice of 

complementary and alternative medicine is now on the 

increase. Several clinical and pre-clinical studies have 

provided the scientific basis for the efficacy of many 

plants used in folk medicine to cure diseases13,14. There is 

a need for a permanent search and development of new 

drugs, though there are many antibiotic and antifungal 

agents are resistant or multi resistant strains are 

available15. Therefore there is a need for the search of 

newer antibiotic sources. Plants are cheap and safe 

alternative sources of antimicrobials16-18. Moringa 

oleifera Lam. (Family Moringaceae) is well – known for 

its various medicinal properties which are widely used for 

treating bacterial infection, fungal infection, anti- 

inflammation, sexually-transmitted diseases, malnutrition  
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and diarrhoea. Moringa species have long been 

recognized by folk medicine practitioners as having value 

in the treatment of tumors19. Almost all the parts of this 

plant: root, bark, gum, leaf, pods, flowers, seeds and 

seeds oil have been used for the various ailments in the 

indigenous medicine20. It has been known to be anti-

helminthic activity, antimicrobial activity, detoxifier, 

immune booster and anti –parasitic activity21. 

Antimicrobial activities of various M. oleifera 

morphological parts against some pathogenic 

microorganisms have been reported22-26. However, not so 

extensive work on its antimicrobial properties has been 

studied and more so, some of its morphological parts are 

unexplored. Hence, the present study was an attempt to 

examine the role of different part i.e. leaf, stem, flower 

and fruit extracts of M. Oleifera Lam. as a potential 

antimicrobial agent against some human pathogenic 

bacteria and also help to reduce the multiple drug 

resistance. 

 

MATERIAL AND METHODS 

Plant material 

The fresh leaf, stem, flower and fruit of M. oleifera Lam. 

were collected from Karamsad, Gujarati, India, and 

identified by referring “Flora of Gujarat state”27 and 

confirmed by Dr. A.S. Reddy (Plant Taxonomist) and Dr. 

Sandip Patel, Research student, Department of 

Biosciences, Sardar Patel University, Vallabh 

Vidyanagar, Gujarat. 

Extract Preparation 

The fresh leaf, stem, flower and fruit of M. oleifera Lam 

were collected and washed thoroughly with running tap 

water to remove dirt particles. All the materials were 

dried at room temperature and powdered with grinder. 

Extract was prepared by infusion extraction method given 

by28. For sequential extraction 50 gm of dry powdered or 

fresh material of each sample was soaked in 250 ml n-

Hexane at room temperature for 24 hours. Extracts were 

filtered through Whatmans filter paper no.1 and the 

filtrates were centrifuged at 3000 rpm for 10 minutes to 

remove solid debris. The supernatant was collected and 

concentrated by solvent recovering assembly (J-sil, India) 

and dried completely at room temperature and stored it in 

a refrigerator until further use.  

The filtrate collected on filter paper was completely dried 

and resuspended sequentially in to each of 250 ml ethyl 

acetate, methanol and distilled water at room temperature 

for 24 hours. The extract was filtered and the filtrate was 

centrifuged at 3000 rpm for 10 minutes and the 

supernatants were collected. All the fractions were stored 

in a refrigerator until further use. 

The crude hot plant extracts were also prepared by 

soxhlet extraction method. About 20gm powdered plant 

material was uniformly packed into a thimble and  

Table 1: Antimicrobial activity in crude n-Hexane extract of selected plant species. 

Plant 

Name 

Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS EN ML SA SE EC KP PS SM SP ST 

Moringa 

oliefera 

L CH - - - - - - - - - - - - 

HH - - - - - - - - - - - - 

FH 8 5 2 6 6 3 11 - - 8 7 - 

S CH 6 - - - - - - - - - 1 - 

HH 1 10 - 2 - - - 1 - 8 6 - 

FH - - - - - - 7 - - 4 - 2 

FT-

IM 

CH - - - - - - - - - - - - 

HH - - - - - - 8 - - - - - 

FH 5 6 - 2 8 - 7 5 - 7 8 - 

FT-Y CH - - - - - - - - - - - - 

HH - - - - - 4 2 - - - - 7 

FH 6 4 7 - - - 6 5 - - - - 

FT-M CH - - - - - - 8 1 1 - 4 7 

HH 7 3 6 3 9 - 6 - - 3 6 - 

FH 3 7 7 7 8 - 7 5 1 4 4 7 

FT-R CH 1 - - - - - 4 - - 4 - - 

HH 3 - - - - - - - - - - - 

FH 1 1 - - - - 2 1 - 5 3 - 

Seed CH - - - - 1 - - - - - 1 - 

HH - - - - - - 1 5 - - - - 

Ciprofloxacin (20 μg/ml) 11 10 12 11 14 9 7 14 8 22 10 9 

Doxycycline (20 μg/ml) 14 12 9 5 11 8 15 19 11 20 13 4 

BC-Bacillus cereus ;BS-Bacillus subtilis ; EC-Escherichia coli ;EN-Enterococcus faecalis ; KP-Klebsiella 

pneumoniae ;ML- Micrococcus luteus; PS-Pseudomonas aeruginosa ; SA- Staphylococcus aureus; SE-

Staphylococcus epidermidis; SM-Serratia marcescens ;   SP-Salmonella paratyphi ;ST-Salmonella typhi ; L-Leaf; S-

Stem; F-Flower; FT-Fruit (IM-Immature; Y-Young; M-Mature; R- Ripen) ; 

CH- Cold Hexane; HH-Hot Hexane; FH Fresh Hexane 
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 extracted sequentially with 250ml of different solvents 

separately i.e. ethyl acetate, methanol and distilled water. 

The extraction process continued for 24 hrs or till the 

solvent in siphon tube of an extractor became colourless. 

The extract was then transferred to evaporating plate for 

drying completely at room temperature and stored it in a 

refrigerator until further use. 

Selected microorganisms 

 12 bacterial strains and 7 fungal strains used in the study, 

among these were six Gram-positive namely Bacillus 

cereus (ATCC 11778), Bacillus subtilis  (ATCC 6051), 

Staphylococcus aureus (Isolated), Staphylococcus 

epidermidis (ATCC 155), Micrococcus luteus (ATCC 

4698), Enterococcus faecalis (Isolated) and  six Gram-

negative bacteria Escherichia coli (ATCC 25922), 

Salmonella typhi (NCTC8394), Salmonella paratyphi 

(MTCC 735), Pseudomonas aeruginosa (ATCC 25668), 

Klebsiella pneumoniae (ATCC 15380), Serratia 

marcescens (Isolated) and fungal strains  is Aspergillus 

niger (MTCC40211), Candida albicans (MTCC 183), 

Trichoderma harzianum (Isolated), Fusarium oxysporum 

(Isolated), Aspergillus flavus (MTCC4613), Aspergillus 

parasiticus (MTCC411) and Alternaria burnsii (ITCC 

4285). All the tested strains are reference strains, and 

were collected from MTCC (Microbial type culture 

collection, Chandigarh), ATCC (American type culture 

collection, Manassas, Virginia) and NCTC (National 

collection of type culture). The bacterial and fungal 

cultures were grown on nutrient agar medium (Hi Media, 

pH 7.4) at 37ºC and potato dextrose agar medium (Hi 

Media, pH 5.6) at 27ºC respectively. Both the cultures 

were maintained at 4°C. 

Antibacterial assay 

In the present study, the antibacterial activities of leaf, 

stem, flower and fruit crude extracts prepared in different 

solvents were screened by agar well diffusion method29. 

An inoculum size of 1×10 CFU/ml of bacteria which 

compared with 0.5 McFarland turbidity in a refrigerator 

for 30 minutes for pre-diffusion of plant extract and 

turbidity standards was used [30]. Each extract of 100 μl 

(stock solution 100 mg/ml) was added in a previously 

marked sterile nutrient agar petriplates and the wells were 

 
                                              Staphylococcus aureus              Serratia marcescens 

 

                                           Enterococcus faecalis                                              Bacillus subtilis    

 

                                           Staphylococcus aureus                                        Micrococcus luteus 

Figure 1: Antimicrobial activity of n-Hexane, Ethyl acetate, Methanol and D/W extract of different parts of Moringa 

oleifera. 
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punched with sterile cork borer and filled with each plant  

extract. Plates were placed then incubated at 37ºC for 24 

hours. After incubation all the plates were examined and 

zone of inhibition (excluding well diameter in mm) was 

measured as a property of antimicrobial activity. 

Antibiotic such as Ciprofloxacin and Doxycycline 

(20μg/ml) as a positive control and 100% DMSO and 

solvents i.e. hexane, ethyl acetate and methanol as a 

negative controls. 

Antifungal Activity 

The fungal spores were harvested in sterile distilled water 

from seven days old culture for determination of 

antifungal activity. The fungal spores count was counted 

using haemocytometer under aseptic condition, in laminar 

air flow the potato dextrose agar medium pour into 

presterilized petriplate and inoculated by fungal strain 

respectively and kept for 10-15 minutes for solidifying. 

Each extract of 100 μl (stock solution 100 mg/ml) was 

added in a previously marked sterile Potato dextrose agar 

petriplates and the wells were punched with sterile cork 

borer and filled with each plant extract. Plates were 

placed then incubated at 27ºC for 48 hours. After 

incubation all the plates were examined and zone of 

inhibition (excluding well diameter in mm) was measured 

as a property of antifungal activity. Antibiotic such as 

Fluconazole and Ketacozole (20μg/ml) as a positive  

 
Figure 2: Moringa Oliefera fresh stem extract against 

Tichoderma harzianum.     

 

control and 100% DMSO and solvents i.e. hexane, ethyl 

acetate and methanol as a negative controls. 

Minimum inhibitory concentration (MIC) 

In the present study, minimum inhibitory concentration 

(MIC) was evaluated by serial broth dilution method for 

the plant extracts showing more than 7mm 30ml of 

inhibition. Density of bacterial suspension was 

maintained uniformly throughout the experiment at 1x108 

CFU/ml by comparing with 0.5 Mc Farland turbidity  

Table 2: Antimicrobial activity in crude Ethyl acetate extract of selected plant species. 

Plant Name Part used Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS EN ML SA SE EC KP PS SM SP ST 

Moringa 

oliefera 

L CEA - - - - - - - - - - - - 

HEA - - - - - - - - - - - - 

FEA 6 6 - - 7 7 10 5 - 9 - - 

S CEA - - - - - - - 6 - 2 - - 

HEA - 1 7 - - - 4 4 - 4 - 1 

FEA 4 - - - - - 9 7 2 - - 4 

F 

FT-IM 

FEA 1 9 1 - - - 6 11 - 6 - 12 

CEA - - - - - - - - - - - - 

HEA 4 7 - - 9 2 8 8 - 8 - 4 

 

FT-Y 

FEA 5 - - - - - 7 - - - - - 

CEA - - - - - - - - - - - - 

HEA - - - - - - - - - - - - 

 

FT-M 

FEA 5 5 9 - 10 1 7 - - 4 - 8 

CEA - - - - 10 - 10 1 - - - - 

HEA 6 8 4 - - 2 7 4 - 4 - 1 

 

FT-R 

FEA 12 11 15 12 16 10 19 14 12 22 - 15 

CEA 7 - 1 - - - 7 6 - - - - 

HEA - - - - - - - - - - - - 

 

Seed 

FEA 11 11 8  5 12 9 11 11 6 12 - 9 

CEA - 6 8 7 7 8 7 4 3 10 6 - 

  HEA 7 3 7 - - 6 7 8 - 6 - 6 

Ciprofloxacin (20 μg/ml) 11 10 12 11 14 9 7 14 8 22 10 9 

Doxycycline (20 μg/ml) 14 12 9 5 11 8 15 19 11 20 13 4 

BC-Bacillus cereus ;BS-Bacillus subtilis ; EC-Escherichia coli ;EN-Enterococcus faecalis ; KP-Klebsiella pneumoniae 

;ML- Micrococcus luteus; PS-Pseudomonas aeruginosa ; SA- Staphylococcus aureus; SE-Staphylococcus 

epidermidis; SM-Serratia marcescens ;    SP-Salmonella paratyphi ;ST-Salmonella typhi,  L-Leaf; S-Stem;  Fruit (IM-

Immature; Y-Young; M-Mature; R- Ripen)  

CEA- Cold ethyl acetate; HEA- Hot ethyl acetate; FEA-Fresh ethyl acetate;          
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Table 3: Antimicrobial activity in crude Methanol extract of selected plant species. 

Plant Name 

 

Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS EN ML SA SE EC KP PS SM SP ST 

Moringa 

oliefera 

L CM - - - - - - - - - - - - 

HM - 2 - - - - - 5 - - - - 

FM 7 - - - - 3 1 - - 7 - - 

S CM 4 - - - - - - 4 - -   - - 

HM 5 2 12 1 22 2 - - - 3   - 6 

FM 2 - - - - - 2 - - -   - 2 

F 

FT-

IM 

FM - - - - - - - 3 5 -  - 4 

CM - - - - - - - - - -  - - 

HM 2 - - - - - 4 - - - - - 

FT-Y CM - - - - - - - - - - - - 

HM -  - - - - - - - - - - 

FM 1 3 - - - - 8 - - 5 - - 

FT-M CM 5 - 7 4 7 - 6 8 - - - - 

HM 5 6 10 - - 4 5 5 - - - - 

FM - - 6 - - 1 - - - - - - 

FT-R CM - - - - - - - - - - - - 

HM 8 1 - - - 1 5 4 - 2 - 5 

FM 2 2 - 7 3 - 2 5 - 3 - - 

Seed CM - - - - - - - - - - - - 

HM - - 12 - 7 - 6 4 - 4 - - 

  HEA 7 3 7 - - 6 7 8 - 6 - 6 

Ciprofloxacin (20 μg/ml) 11 10 12 11 14 9 7 14 8 22 10 9 

Doxycycline (20 μg/ml) 14 12 9 5 11 8 15 19 11 20 13 4 

BC-Bacillus cereus ;BS-Bacillus subtilis ; EN-Enterococcus faecalis ;ML- Micrococcus luteus;SA- Staphylococcus 

aureus; SE-Staphylococcus epidermidis; EC-Escherichia coli; KP-Klebsiella pneumoniae ;PS-Pseudomonas 

aeruginosa; SM-Serratia marcescens ; SP-Salmonella paratyphi;  ST-Salmonella typhi, L-Leaf; S-Stem;  Fruit (IM-

Immature; Y-Young; M-Mature; R- Ripen), CM-Cold methanol; HM-Hot methanol ; FM-Fresh 

 

 

 
Figure 3: Total phenols content in ethyl acetate and methanolic extract in different parts of  Moringa oleifera. 
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 standards. 40µl of plant extract from stock solution  

 (100mg/ml) was taken into the first dilution tube and 

added 960µl of nutrient broth and mixed well. 500µl of 

solution from first dilution tube was taken and added 

500µl of nutrient broth into second tube, this step was 

repeated 5times and from last tube 500µl solution was 

discarded. Final volume was made upto 1ml by adding 

500µl of test organism in each tube. The MIC was tested 

in the concentration range between 8mg/ml to 

0.250mg/ml. Tubes were incubated at 37ºC for 24 hours 

in an incubator. 100µl (0.1%) 2,3,5 – triphenyl 

tetrazolium chloride solution as a growth indicator was 

incorporated in each tube to find out the bacterial 

inhibition and tubes were further incubated for 30 

minutes at 37ºC. Bacterial growth was visualized when 

colorless 2, 3, 5-triphenyl tetrazolium chloride was 

converted into red color formazon in the presence of live 

bacteria. MIC assay was repeated thrice by using DMSO 

and nutrient broth as controls.  

Quantitative phytochemical analysis of crude extract 

The crude extracts of different plant parts (leaf, stem, 

flower, and fruit) were prepared in ethyl acetate; 

methanol and distilled water were evaluated for 

quantitative analysis of phenols and flavonoids by using 

standard procedures. 

Total Phenol estimation 

Each plant extract (0.2 ml) in test tube was taken 

separately and added 3 ml distilled water and then added 

0.5 ml FCR. After 3min. of incubation, 2 ml of 20% 

Na2CO3 solution was added into each tube and mixed 

thoroughly. Reaction tubes were placed in boiling water 

bath for exactly 1 min, cooled and the absorbance was 

measured at 650 nm against a reagent blank using visible 

spectrophotometer. A standard curve was prepared using 

different concentrations of catechol. Total phenol was 

expressed as mg phenol in terms of catechol per gram of 

fresh tissue. 

Total Flavonoids estimation 

Aluminum chloride colorimetric method was used with 

some modification to determine flavonoids content. 1 ml 

of  each  plant extract was mixed with 3ml of methanol, 

0.2ml of 10% Aluminium chloride, 0.2ml of 1M 

Potassium acetate and 5.6ml of D/W and kept at room 

temperature for 30minutes.The absorbance was measured 

at 420nm using UV-Visible spectrophotometer. Quercetin 

was used as standard 1mg/ml. All the tests were 

performed in triplicates. Flavonoid content was 

determined from the standard curve and expressed as 

Quercetin equivalent mg/gm of extracted compound31. 

 

RESULTS AND DISCUSSION 

In-vitro antimicrobial activity 

The present study of fresh, cold and hot extraction in n-

hexane, ethyl acetate, methanol and distilled water 

showed zones of inhibition of bacterial growth at varying 

with extraction methods. The antibacterial activity against 

Table 4: Antimicrobial activity in crude D/W extract of selected plant species. 

Plant 

Name 

Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS EN ML SA SE EC KP PS SM SP ST 

Moringa 

oliefera 

L CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FD 6 - - - - 3 1 - - 7 - - 

S CD - - - - - - - - - - - - 

HD - - 4 - - - - - - - - 1 

FD 6 - - 9 7 - 2 2 - 7 - 2 

F 

FT-

IM 

FD 12 - 13 6 - 4 1 - 5 - - 3 

CD - - - - - - - - - - - - 

HD 3 - - - - - - - - - - - 

 

FT-Y 

FD - - - - - - - 6 10 3 - - 

CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FT-M CD - - - - - - - - - - - - 

HD - 4 5 - 27 - 1 3 - - - - 

FD - - 6 - - - - - - - - - 

FT-R CD - - - - - - - - - - - - 

HD - - - - - - - 4 - - - - 

FD - 7 - 18 - - - - - 1 - 1 

Seed CD - - - - - - - - - - - - 

HD - - 2 1 - - 1 - - 3 - 1 

Ciprofloxacin (20 μg/ml) 11 10 12 11 14 9 7 14 8 22 10 9 

Doxycycline (20 μg/ml) 14 12 9 5 11 8 15 19 11 20 13 4 

BC-Bacillus cereus ;BS-Bacillus subtilis ; EN-Enterococcus faecalis ;ML- Micrococcus luteus;SA- Staphylococcus 

aureus; SE-Staphylococcus epidermidis; EC-Escherichia coli; KP-Klebsiella pneumoniae ;PS-Pseudomonas 

aeruginosa; SM-Serratia marcescens;    SP-Salmonella paratyphi ; ST-Salmonella typhi, L-Leaf; S-Stem;  Fruit (IM-

Immature; Y-Young; M-Mature; R- Ripen), CD- Cold distilled water;  HD- Hot distilled water; FD-Fresh distilled water 
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various plant part extracts varied against different test 

organisms. Among different parts hexane extracts only 

fresh leaf and hot stem and mature fruit extracts, ethyl 

acetate fresh part extracts under the study, hot methanol 

stem and mature fruit extracts, distilled water fresh 

flower, mature and ripen fruit fresh and hot extracts have 

shown considerable antibacterial activities to one or more 

organisms. Remaining extracts prepared in hexane, ethyl 

acetate, methanol or distilled water exhibited least or no 

activity against the selected test organisms (Table.1-4) 

The ethyl acetate extract of fresh mature and ripen fruit 

showed stronger antibacterial activity against studied 

Gram- negative bacteria and Gram-positive bacteria and  

similarly fresh ethyl acetate stem extract display  

antifungal activity. 

Ethyl acetate mature fresh fruits extract displayed better 

activity (Fig. 1) against SM (22mm), good activity 

against EC (10mm) (SA (16mm), EN and ST (15mm)  

whereas moderate activity against KP (14mm), ML, BC, 

PS (12mm), BS (11mm) and SE (10mm) whereas Hot 

distilled water mature fruits extract showed better activity 

against SA (27mm) whereas cold ethyl acetate mature  

fruit extract showed moderate activity against SA, EC 

(10mm). The ethyl acetate fresh ripen fruits extract 

exhibited moderate activity against SM, SA (12mm), BS, 

KP, BC (11mm), EC (11mm) , SE, ST (9mm) and EN 

(8mm) while least to no activity in other test organisms 

and Distilled water fresh ripen fruit extract showed good 

activity against ML (18) whereas the cold seed ethyl 

acetate extract demonstrated moderate activity against 

SM (10mm) and fresh ethyl acetate flower extract showed 

moderate activity against ST (12mm), KP (11mm) 

similarly distilled water fresh flower extract demonstrated 

moderate activity against selected bacterial strains EN 

(13mm) and BC (12mm). 

However, ethyl acetate hot mature fruit and seed extract, 

young fresh fruits extract and methanolic hot ripen fruits 

showed least to no inhibitory action against the tested 

bacteria. Methanolic hot stem extract exhibited better 

activity against SA (22mm), moderate activity against EN 

(12mm). Fresh leaf n-Hexane and ethyl acetate extract 

and stem n-Hexane hot, fresh ethyl acetate extract and 

fresh distilled water showed moderate activity in selected 

bacterial strains but no inhibitory effect of hot and cold  

Table 5: Antifungal activity of selected crude ethyl acetate extract. 

Plant Name Part used Extract AN AB APF AF CA FO TH 

Moringa oleifera 

Leaf CEA - - - - 8 - - 

Stem 

CEA - - - - - - 4 

HEA - - - - - - - 

FEA -      16 

Seed 

CEA - - - - - -  

HEA - - - - - - 5 

FEA - - - - - - - 

Ketacozole - - 9 - 10 10 20 12 10 

Fluconazole - - 20 - 17 19 21 18 16 

AN: Aspergillus niger   APF:Aspergillus paracitic 

CA: Candida Albicans   AF:Aspergillus flavus 

TH: Trichoderma harzanium     AB:Alternata burnsi  FO:Fusarium oxysporum 

J- Juice; LT-Latex; L-Leaf; S-Stem; W-Whole plant ; INF –Inflorescence 

CEA- Cold ethyl acetate; HEA- Hot ethyl acetate; FEA-Fresh ethyl acetate;  

DMSO- Dimethyl sulphoxide 

 

Table 6: Minimum inhibitory concentration of effective n-Hexane plant extract. 

Plant Name Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS SA ML SE EN EC KP PS ST SP SM 

Moringa 

oliefera 

L FH   >8 - - - - -   8 - - - - >8 

 

S 

FH - - - - - - >8 - - - - - 

CH - - - - - - - - - - - - 

HH -  >8 - - - - - - - - - >8 

F FH - - - - - - - - - - - - 

 

FT- 

 IM 

FH - - >8 - - - >8 - - - >8 >8 

CH - - - - - - - - - - - - 

HH - - - - - - >8 - - - - - 

FT-Y FH - - - - - >8 - - - - - - 

HH - - - - - - - - - >8 - - 

FT-

M 

FH - >8 >8 >8 - 8 - >8 - - - - 

CH - - - - - - >8 - - >8 - - 

HH >8 - >8 - - - - - - - - - 
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leaf ethyl acetate extract against selected bacterial strains. 

But no inhibitory effect of distilled water leaf, immature 

fruit, young fruit, mature fruit, stem and seed extracts was 

observed. The activity of the all extracts was compared 

with standard antibiotic Ciprofloxacin and Doxycycline32. 

Potential antibacterial activity of fresh leaf juice and  

ethanol extracts against four Gram negative bacteria 

Shigella shiga, S. sonnei, PS, and Pseudomonas spp. and 

six Gram-positive bacteria SA, BC, BS, BM, 

Streptococcus-B- haemolytica, Sarcina lutea and their 

respective MIC values. In this study Serratia marcescens 

appeared to be more susceptible to fresh leaf extract 

followed by EC, KP and BC. 

In this study, fresh mature and ripen fruit ethyl acetate 

extract and methanolic hot stem extract exhibited higher 

antibacterial activity compared Ciprofloxacin and 

Doxycycline. But only the powder (dissolved in DMSO) 

from fresh extract exhibited the highest antibacterial 

activity against all the studied bacteria. 

However, fresh ethyl acetate stem extract display good 

antifungal activity against Trichoderma harzanium 

(16mm) (Fig.2). 

n-Hexane, methanol and distilled water did not show any 

inhibitory action against Aspergillus niger, Candida 

albicans, Fusarium oxysporum, Aspergillus flavus, 

Aspergillus parasiticus and Alternaria burnsii. (Table 5). 

Ethyl acetate fresh ripen fruit extract displayed low MIC 

values at 2mg/ml against SA, 4mg/ml against BC, BS, 

EC, SM and >8mg/ml against KP, SE, EN, ST and PS, 

while in cold ripen fruit extract showed MIC values at 

>8mg/ml against BC, EC and KP. Methanolic hot ripened 

fruit extract showed MIC value at 4mg/ml against BC and 

>8mg/ml against EC, ST. Distilled water ripen fruit 

extract displayed MIC value at 4mg/ml against ML, 

8mg/ml against BS. The MIC value of cold ethyl acetate 

seed extract was observed at 4mg/ml against EN, SM, 

8mg/ml against SE, >8mg/ml against ML, SA while in 

hot ethyl acetate seed extract MIC value was confirmed at 

4mg/ml against KP, 8mg/ml against BC, EN and 

>8mg/ml against EC. Various other prepared extracts 

exhibited MIC values mostly at 8 or >8 mg/ml against the 

tested organisms (Tables 6-9). Onsare et al. reported 

husk, seed and pod extract showed antimicrobial activity 

against EN, SA, SE, EC, KP, PS and ST and also showed 

low MIC values. In this study, low MIC values were 

obtained in fresh mature and ripened fruit SA, BC, BS, 

EC and SM in the range of 2mg/ml and 4mg/ml and for 

other organisms more than 8mg/ml33. 

In this study, results of phytochemical analysis indicate 

that of the screened bioactive constituents phenol and 

flavonoids only was found to be present in the leaf, stem, 

mature, ripen, young, and immature fruits of Moringa 

oleifera. Demonstration of antimicrobial activity against 

both Gram-positive and Gram negative bacteria may be 

indicative of the presence of broad spectrum antibiotic 

compounds34,35. 

The attributing factor for antibacterial activity is total 

phenol concentration in cold, hot and fresh ethyl acetate 

and methanol extracts of different parts of Moringa 

oleifera (Fig.3) and observed that cold, hot and fresh 

methanol extracts showed higher phenolic content in 

comparison with ethyl acetate cold, hot and fresh extracts 

but varied among the different part extracts. The phenolic 

compounds are one of the largest and most ubiquitous 

groups of plant metabolites36. 

Estimated total flavonoids in cold, hot and fresh ethyl 

acetate and methanol different part extracts of Moringa 

oleifera (Fig.4) and observed that cold, hot and fresh 

methanol different part extracts showed higher flavonoids 

content in comparison with ethyl acetate cold, hot and  

Table 7: Minimum inhibitory concentration of effective Ethyl acetate plant extract. 

Plant Name Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS SA SE ML EN EC ST SP PS SM KP 

Moringa oliefera L CEA - - - - - - - - - - - - 

HEA - - - - - - - - - - - - 

FEA >8 >8 >8 >8 - - >8 - - - 8 >8 

S CEA - - - - - - - - - - - >8 

HEA - - - - - >8 - - - - - - 

FEA - - - - - - >8 - - - - >8 

FT-

IM 

CEA - - - - - - - - - - - - 

HEA - >8 8 - - - 2 - - - 8 8 

FEA >8 - - - - - 4 - - - - - 

FT-Y CEA - - - - - - - - - - - - 

HEA - - - - - - - - - - - - 

FEA 8 8 - - - 4 8 8 - - - - 

FT-

M 

CEA - - 4 - - - 4 - - - - - 

HEA 8 8 - - - - 8 - - - - - 

FEA 8 2 8 8 8 8 8 2  >8 2 2 

FT-R CEA >8 - - - - - >8 - - - - >8 

HEA - - - - - - - - - - - - 

FEA 4 4 2 >8  >8 4 >8  >8 4 4 

Seed CEA - - >8 8 >8 4  - - - 4 - 

HEA 8 - - - - >8 >8  - - - 4 
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fresh different part extracts. Amongst various parts of  

Moringa oleifera, Mature, ripen, young, and immature 

fruits showed similar or the same range flavonoids 

content followed by leaf and stem cold, hot and fresh 

ethyl acetate and methanol extracts. With regard to the 

spectrum of antibacterial activity, results show that ethyl 

acetate extract of fresh mature and ripen fruit and stem 

have a broad spectrum of activity. This could be due to 

the presence of flavonoids and phenols which have been 

reported to have broad spectrum antibacterial activity. On 

the other hand n-hexane, methanol and distilled water 

extract showed a narrow spectrum of activity, the 

antimicrobial activity being restricted against selected 

bacteria and fungi. 

Phytochemical analysis conducted on the plant extracts 

revealed the presence of constituents which are known to 

exhibit medicinal as well as physiological activities37. 
Natural antioxidant mainly comes from plants in the form 

of phenolic compounds such as flavonoid, etc38. 

Flavonoids are hydroxylated phenolic substances known 

to be synthesized by plants in response to microbial 

infection and they have been found to be antimicrobial  

Table 8: Minimum inhibitory concentration of effective Methanol plant extract. 

Plant Name Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS SA SE ML EN EC ST SP PS SM KP 

Moringa 

oliefera 

L CM - - - - - - - - - - - - 

HM - - - - - - - - - - - 8 

FM >8 - - - - - - - - - >8 - 

S CM - - - - - - - - - - - - 

HM >8 - - - - 4 - >8 - - - - 

FM - - - - - - - - - - - - 

FT-

IM 

CM - - - - - - - - - - - - 

HM - - - - - - - - - - - - 

FM - >8 - - - - >8 - - - - - 

FT-Y CM - - - - - - - - - - - - 

HM - - - - - - - - - - - - 

FM - - - - - - 8 - - - >8 - 

FT-

M 

CM 8 - 8 - - >8 8 - - - - 8 

HM >8 >8 - - - 8 >8 - - - - >8 

FM - - - - - >8 - - - - - - 

FT-R CM - - - - - - - - - - - - 

HM 4 - - - - - >8 >8 - - - - 

FM - - - - - - - - - - - >8 

Seed CM - - - - - - - - - - - - 

HM - - >8 - - - >8 - - - - - 

               

Table 9:  Minimum inhibitory concentration of effective D/W plant extract. 

Plant Name Part 

used 

Extract Zone of Inhibition 

Gram positive Gram negative 

BC BS SA SE ML EN EC ST SP PS SM KP 

Moringa 

oliefera 

L CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FD >8 - - - - - - - - - >8 - 

S CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FD >8 - 8 - 8 - - - - - 8 - 

FT-IM CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FD - - - - - - - - - 4 - >8 

FT-Y CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FD - - - - - - >8 - - - >8 - 

FT-M CD - - - - - - - - - - - - 

HD - - 0.125 - - 8 - - - - - - 

FD - - - - - 8 - - - - - - 

FT-R CD - - - - - - - - - - - - 

HD - - - - - - - - - - - - 

FD - 8 8 - 4 - - - - - - - 
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substances against wide array of microorganisms In-vitro. 

Their activity is may be due to their ability to complex 

with extracellular and soluble proteins and to complex 

with bacterial cell wall39. They also are effective 

antioxidant and show strong anticancer activities40,42. 

Differences in polarity among the various solvents are 

perhaps responsible for the differences in solubility of 

plant active principles, hence variation in degree of 

activity. As far as the degree of susceptibility is 

concerned results (diameter of inhibition zone) clearly 

indicate that gram positive and gram negative bacteria are 

more susceptible to fresh ethyl acetate mature and ripen 

fruit and stem extract  compared to n-Hexane, methanol 

and D/W extract and a narrow inhibition zone was 

recorded against fungi implying that the activity of fresh 

ethyl acetate stem extract only showed inhibition  against 

Trichoderma harzanium compared to other selected 

fungal strains. When compared to the activity of a 

standard antibiotic, Ciprofloxacin and Doxycycline (20 

µg) against the tested bacteria an interesting finding is the 

activity of crude fresh ethyl acetate mature and ripen fruit 

against SM and SA a bacterial isolate compared to other 

selected microorganisms. Gram-negative bacteria have 

been found to be less susceptible to plant extracts in 

earlier studies done by other researchers43, 44. 

Similar reports on phytochemical composition of various 

medicinal plants were made earlier by many workers45-49. 

However, it is very essential to isolate the bioactive 

fractions from these major groups so that it can be used 

further in designing specific drugs. 

 

CONCLUSION 

The antimicrobial activity of Moringa oleifera ethyl 

acetate extracts observed in this study might be due to 

the, flavonoids and phenols detected to be present in the 

plant. But, their antibacterial activity remains to be 

proofed. In general the antimicrobial activities of the n-

hexane, methanol and distilled water extract are found to 

be low compared to the standard antibiotics used in this 

study. But it is hoped that they might produce comparable 

effect after further purification and analysis of the active 

constituents. In conclusion, the plant extract displayed an 

 

 
Figure 4: Total Flavonoids content in ethyl acetate and methanolic extract in different parts of Moringa oleifera. 
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activity against gram negative and gram positive which 

could support the traditional claim of the society. So, 

based on the findings, the authors recommended further 

study to be conducted concerning the chemical 

compositions and the structure elucidation of the active 

component of the plant. 
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