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Abstract 
Moringa oleifera leaves crude extract have been reported to have an invitro antifungal potential on 
various species of fungi. Therefore, this study was conducted in finding out the invitro effects of 
methanol and ethanol extracts of Moringa oleifera leaves on some fungal species (Aspergillus flavus 
and Rhizopus stolonifer). The fungal species were isolated from contaminated bread on sabouraud 
dextrose agar (SDA) using agar plate method and microscopic exanimation at Microbiology 
Laboratory, Federal University Dutse. Moringa oleifera leaves were collected from Federal University 
Dutse botanical garden, they were processed and extracted using Maceration method. The extracts 
were screened at varaying concentrations (25mg/ml, 50mg/ml, 100mg/ml, 150mg/ml and 200mg/ml) 
for their antifungal activity against the test organisms. Aspergillus flavus was more susceptible to the 
extracts with high mean zone of inhibition of 12.80 ± 0.20mm for methanolic extract and 11.40 ± 
0.10mm for ethanolic extract compared to Rhizopus stolonifer with 9.66 ± 0.33mm for methanolic 
extract and 8.67 ± 0.10mm for ethanolic extract. Minimum inhibitory concentrations of the extract 
were determined with varying effectiveness of 75mg/ml for Aspergillus flavus and 100mg/ml for 
Rhizopus stolonifer. This study showed credence to the traditional use of Moringa oleifera leaves in 
the treatment of diseases caused by Aspergillus flavus and Rhizopus stolonifer. 
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INTRODUCTION 
The products obtained from different parts of herbs and trees, being a source of several 
therapeutic agents and bioactive compounds, are relatively considered safe for human 
consumption (Stohs and Hartman, 2015).Food and Agriculture Organization’s (FAO) 
reported that; about 70–80 % of the global population, especially in developing and low to 
middle income countries, relies on herbal medicine that is used to prevent and treat diseases 
(Ekor, 2014), and almost 25 % of the synthesized drugs are manufactured from medicinal 
plants (Pan et al., 2013). Moringa oleifera commonly known as the ‘drumstick’ or ‘horseradish’ 
tree, it  is a member of the  family Moringaceae, Almost each and every part of Moringa tree is 
useful for diseases treatment, functional food preparations, nutraceuticals, purification of 
water, and production of biodiesel which include  roots, leaves, flowers, green pods, and 
seeds (Saini, 2015).  
 
The most broadly cultivated species of Moringa in Northwestern India, Africa and Asia is 
Moringa oleifera from the genus Moringa  in the family Moringaceae (Padayachee et al., 2012). It 
made up of 13 species from tropical and subtropical climates, ranging in size from tiny herbs 
to big tree. Moringa oleifera tree posses a great number of bioactive compounds (Saini et al., 
2014; Martin et al., 2013). Among distinctive parts of the plant the leaves are the most 
frequently used part, which are rich in Vitamins, Carotenoids, Polyphenols, Phenolic acids, 
Flavonoids, Alkaloids, Glucosinolates, Isothiocyanates, Tannins and Saponins. The richness 
in terms of bioactive compounds might explain “the antimicrobial properties” of Moringa 
oleifera leaves. Many studies in vitro and in vivo have reported these antimicrobial properties 
(Leone et al., 2015).Inhibitory effect of Moringa oliefera leaves have been reported on various 
pathogens such as Bacteria (Dzotam et al., 2016), Fungi (Rani et al., 2018; Aondo et al., 2018), 
Parasite Hegazi et al., (2018), Virus (Mohamed et al., (2017) and also act on physiological 
disorder such as diabetes (Sivasankari et al., 2014). Indiscriminate use of plants for 
therapeutic purpose has been quite a common practice especially in Africa including Nigeria 
(Mansur et al., 2014; Ali et al., 2020). Medicinal plant and herbs are use indiscriminately 
without proper knowledge of their constituents and dosage (required concentration) that 
inhibit the growth or kill pathogens without complications and with reduced level of 
microbes developing resistance. However, there is need to identify active component and 
respective pharmacological dosage in different medicinal plants as to overcome the 
increasing trend of microbial resistance and complications. Taking these precedents in to 
considerations, this study was aimed at examining  antifungal activity of the Moringa oleifera 
leaf crude extract on selected species of fungi (Aspergillus flavus and Rhizopus stolonifer), and 
assessing the appropriate concentration of the extracts required to inhibit the growth of the 
test organisms through determination of  minimum inhibitory concentration (MIC). 
 
 
MATERIALS AND METHODS 
Collection and Handling of Leaf Samples 
Fresh Leaves of Moringa oleifera were collected in Federal University Dutse and was 
identified by Dr. Muhammed Isah Auyo of Biological Science Department. it was 
confirmed that the collected leaf sample was healthy and uninfected. The dust and other 
foreign particles were eliminated by washing the collected leaves under running tap water. 
Leaf samples were air dried at room temperature in the laboratory for 15 days, the dried 
leaves crushed using mortar and pestle, reduced to powder using warring laboratory 
blender for 15Minutes at high speed and then stored in airtight bottles until required for 
extraction (Akinnibosun, 2009). 
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Extraction of Powdered Leaves  
 A 50g of Moringa oliefera powdered leaves were separately extracted in 500mls methanol 
(methanolic extraction) and ethanol (ethanolic extraction) in 750ml flat bottom flasks. The 
mouth of the conical flasks were plugged with rubber corks, then shaken vigorously for 
10minutes and kept undisturbed at room temperature for 5 days with occasional manual 
agitation of the flask using a sterile glass rod after every 24 hours. The two extracts were 
separately filtered using sterile Whatman no. 1 filter paper. These extracts (methanolic and 
ethanolic) were stored until required for further process (Ayange-kaa et al., 2015). 
 
Preparation of Sabouraud Dextrose Agar Medium (SDA).  
A Sabouraud Dextrose Agar (SDA) medium was prepared by following manufacturer’s 
instructions by suspending 65g of the powder (Titan Biotech LTD) into 1000mls of distilled 
water. The mixture was boiled to dissolve the medium completely.Well dissolved medium 
was then sterilized at 1210C for 15 minutes and was allowed to cooled to a temperature of 
45-500C. Furthermore ,the medium was supplemented with antibiotic (Chloramphenicol 
solution) in a ratio of 1:25 to suppress the bacterial growth and dispensed in to sterilized 
petri-plates  (Cheesbrough, 2000).  
 
Isolation of Fungi. 
The test organisms were isolated from contaminated bread by culturing the growth obtained 
from the contaminated bread on the prepared and dried SDA medium. 1ml of fungal 
growth suspension (106) was inoculated on to each of the Petri plates containing a well dried 
SDA medium. An antibacterial agent Chloramphenicol (50ppm) was used to prevent the 
growth of bacteria. Petri plates were incubated at 37°C for 7 days and examined daily for 
fungal growth (Siva et al., 2008). 
 
Sub-Culturing. 
 Fungal colonies that grown on SDA were sub-cultured on fresh SDA for identification. The 
morphology and cultural characteristics of the growing cultures were observed for 
preliminary identification. The grown fungal colonies were identified using Microscopic 
examination (Siva et al., 2008). 
 
Identification of Fungal Species. 
The protocol of (Oyeleke and Marga, 2008) was adopted for the identification of unknown 
isolate using direct microscopy.The identification was achieved by placing a drop of 
Lactophenol cotton blue on a clean greased free slide with the aid of a wire loop, where a 
small segment of mycelium from fungal culture was picked and placed on the drop of 
normal saline. The mycelium was emulsified on the slide using wire loop. A cover glass was 
gently applied with a little pressure to remove air bubbles and avoidance of over flowing; 
the slide was then placed on a Microscope stage and examined with x10 and confirm with 
x40 objective lenses, respectively. The species observed were identified in-line with the 
method adopted by Cheesbrough (2000).  
 
Determination of Antifungal Activity of the Extracts against the test Organisms 
Susceptibility of the selected fungal species to the extracts (methanolic and ethanolic) of 
Moringa oleifera leaves at concentrations of 25mg/ml, 50mg/ml, 100mg/ml, 150mg/ml and 
200mg/ml was carried out using agar well diffusion method adopted from (Ranjit et al., 
2014). Sabouraud Dextrose agar was autoclaved at 1210C for 15min and allowed to cool 
before pouring on to plates for solidification. A standard sterile cork borer was used to form 
a well at the center of each inoculated plates and the extract was then introduced into each 
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well on the medium. The inoculated plates were then incubated in uninvited position at 
room temperature for 5 days after which the cultures were observed for zones of growth 
inhibition. Zones of inhibition were measured with a transparent ruler and recorded in 
millimeter (Ibrahim et al., 2017). 
 
Determination of Minimum Inhibitory Concentration (MIC) 
Tube dilution technique was used in the determination of minimum inhibitory 
concentration (MIC) of the test organisms. Nine millilitres (9ml) of the Sabouraud Dextrose 
broth was pippetted into various test tubes containing concentrations of 25mg/ml, 50mg/ml, 
75mg/ml and 100mg/ml, 150mg/ml and 200mg/ml of the extract. The overnight culture of 
the test organisms were added to the test tubes and then incubated at room temperature for 
5 days. The lowest concentrations of the extract that did not indicate any visible growth of 
the incubated organisms in broth culture were taken as the minimum inhibitory 
concentration (MIC) (Abalaka et al., 2012). 
 
STATISTICAL ANALYSIS 
The data obtained through the experiment were generated in triplicates for each 
concentration of the extracts. The results of the experiments were recorded as Means ± 
Standard deviations (M±SD), the results presented were the average of three determinations. 
 
RESULTS AND DISCUSSION 
 
RESULTS  
Microscopic and Macroscopic Characteristics of the Test Organisms. 
The summary of identification of test organism is shown in Table 1.The test organisms were 
identified as described by Cheesbrough (2000). 
 
Table 1: Morphology and Microscopy of Fungal Isolates. 
Morphological description              Microscopic appearance                           Fungal isolate 

 
(1)Yellow green, surface with               Green conidiophores with                       A. flavus 

           Reddish brown underneath                    septate hyphae 
 

     (2) Black dusty and spongy                     Sporangiospores arises from              R. stolonifer 
                                                                  Long arching stolons opposite 
                                                                 Rhizoids 

 

 
Antifungal Activity of the Extract against the test Organisms 
Table 2 and 3 show the potency of the extracts against the test organisms at different 
concentration of the extract. Both methanolic and ethanolic extracts were more effective 
against Aspergillus flavus as compared to Rhizopus stolonifer. The average zone of inhibition of 
the extract against the test organisms at 200mg/ml are 12.80 ± 0.20 and 9.66 ± 0.53mm for 
methanolic extract. 
 
 
Table 2: Antifungal activity of crude Methanolic extract of Moringa oleifera leaves. 

Test organism                     Concentration of the extract            Mean zone of inhibition  
                                                               (Mg/ml)                                        M ± SD (mm)  

 
Aspergillus flavus                                  200                                          12 .80 ± 0.20 
                                                               150                                          12 .00 ± 0.10 
                                                               100                                           9.23 ± 0.50 
                                                                50                                            5 .34 ± 0.69 
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                                                                 25                                              - 
Rhizopus stolonifer                                 200                                          9 .66 ± 0.53 
                                                                150                                          9 .40 ± 0.52 
                                                                100                                          6 .60 ± 0.58 
                                                                50                                                - 
                                                                 25                                               - 

Key: M ±SD = mean± standard deviation, - = no zone of inhibition 

 
Table 3: Antifungal Activity of crude Ethanolic extract showing zones of inhibition at 
different concentrations 
Test organism                     Concentration of extract       Mean zone of inhibition  
                                                              (Mg/mL)                               M ± SD (mm) 

 
Aspergillus flavus                                   200                                         11.40 ± 0.10 
                                                                150                                         9.30 ± 0.32 
                                                               100                                          7 .40 ± 0.10 
                                                                50                                           5.10 ± 0.13 
                                                                25                     - 
Rhizopus stolonifer                                 200                                         8.67 ± 0.10 
                                                                150                                         8.20 ± 0.32 
                                                                100                                         7.57 ± 0.10 
                                                                 50                                              - 
                                                                 25                                              - 
Positive Control                                      10                                           15 .1 ± 0.86 
(Fluconazole)   
Negative control (DMSO)                      0.3ml                                        00.00 

Key: DMSO = Dimethylsulfoxide 

 
Minimum Inhibitory Concentration of the extract against test organisms 
Table 4 and 5 show the smallest inhibitory concentration of the extracts. The minimum 
inhibitory concentration of the extract revealed to be at lower concentration (75mg/ml) 
against Aspergillus flavus as compared to (100mg/ml) Rhizopus stolonifer (table 4) 
 
Table 4: Minimum inhibitory concentration of the crude Methanol extract against the test 
organisms in mg/ml 
Test organisms                                              Concentration in mg/mL 

                            25               50         75             100        150          200 
Aspergillus flavus          +++               +          MIC             -             -               - 
Rhizopus stolonifer        +++              ++          +              MIC         -               - 

 
Table 5: Minimum inhibitory concentration of the crude Ethanol extract against the test 
organisms in mg/ml 
Test organisms                                            Concentration in mg/Ml 

                                        25               50         75             100        150          200 
 
Aspergillus flavus                      +++               +          MIC             -             -               - 
Rhizopus stolonifer                     +++              ++          +              MIC         -               - 

  
KEY:  +++= Highly Turbid, ++ = Moderately Turbid, + = Slightly Turbid, - =No Turbidity, MIC=Minimum 
Inhibitory Concentration. 

 
 
DISCUSSION 
Aspergillus flavus and Rhizopus stolonifer are presently the most common fungal problems 
among different age groups, responsible for various infections, including serious lung 
disease, Aspergillosis and also common pathogen of cereal grains and legumes. 
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Methanolic and Ethanolic extracts of Moringa oleifera leaves were tested against Aspergillus 
flavus and Rhizopus stolonifer and was found to be effective against both tested organisms 
with variable zones of inhibition, this finding is similar with the findings of (Ganie et al., 
2015). But the standard used in the experiment (Fluoconazole) showed greater antifungal 
activity when compared to the extracts used in the study which agreed with the report of 
(Abubakar and Usman, 2016) but contrasted with the report of (Bukar et al., 2010), who 
reported that Moringa oleifera leaves extract showed higher antimicrobial effect than the 
standard antibiotic used as control in the study. The effect of these extracts on the tested 
fungal species have been evident to lie in their bioactive constituents which include tannins, 
alkaloids, flavonoids phenols etc. (Anysor et al., 2011; Onegbu et al., 2020) 
 
The inhibitory properties of the extracts affect the growth of fungi by affecting their 
metabolism, which may have resulted in their inability to use the required substrate 
efficiently (Natsir et al., 2019). This is also in line with the statements by (Wang et al., 2016) 
who reviewed antimicrobial activity and bioactive compound of Moringa oleifera and (Leone 
et al., 2015) who reported on  the antimicrobial characteristics of Moringa oleifera leaf.  
 
Methanolic extract showed maximum activity (12.80 ± 0.20mm) and 9.66 ± 2.10mm at the 
highest concentration of the extracts used in this research (200mg/ml) against Aspergillus 
flavus and Rhizopus stolonifer respectively, which decreased gradually with the decrease of 
the concentration of the extract (Table 1).The precedent observations support the results 
obtained by (Isitua et al., 2016), who studied Invitro effect of Moringa oleifera Lam leaf on 
some selected Fungal strains.   
 
Ethanolic extract; showed maximum activity (11.40 ± 0.10mm and 8.67 ± 0.10mm at the 
highest concentration of the extract used in this study (200mg/ml) against Aspergillus flavus 
and Rhizopus stolonifer respectively, which also decreased with the decrease in the 
concentration of the extract (Table 1).These observations support the findings of (Oloyede et 
al., 2012), that decrease in microbial population depends on the concentration of the extract 
and that high concentration can totally inhibit the growth of microorganisms (Suleiman and 
Emua, 2009) also reported about toxic effect of  plant extract against microorganisms at high 
concentration. 
 
From these findings, methanolic extract showed greater inhibitory effect against the tested 
organisms than ethanol, which indicates that methanol extract posses a grater potency 
against the tested organisms. This is in agreement with (Nwachukwu et al., 2012) who 
reported that methanol proved  to be the good solvents in extracting inhibitory substances 
from medicinal plant, also (Ashok et al., 2014)  revealed that different solvent have different 
extraction capability. 
 
The possible reasons for the difference in potency of the leaf extract include higher 
extractability of the active principle in methanol than in ethanol which in turn may affect its 
concentration per unit volume of the extract (Elgamily et al., 2016). Other factors include 
extraction method and the synergistic effects between the methanol and the active principle 
of the leaves (Ashok et al., 2014). 
 
Aspergillus flavus has lower minimum inhibitory concentration and higher zone of inhibition 
than Rhizopus stolonifer for both the extracts (75mg/ml for Aspergillus flavus and 100mg/ml 
for Rhizopus) which indicates that Aspergillus flavus is more susceptible to both extracts of 
Moringa oleifera leaves(table 4).This is in agreement with the findings reported by (Nepolean 
et al., 2009) who assessed the antifungal activity of methanolic and ethanolic extracts of 
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Moringa oleifera leaves and reported that; Aspergillus flavus has the higher zone of inhibition 
for both methanol and ethanol extract. This difference in susceptibility of the test organism 
to the extracts is due to the differences in nature of fungal strain (Saadabi and Abu, 2011).  
The result obtained in this study, thus provide a rationale for the use of methanol as solvent 
for extracting Moringa oleifera leaves for the treatment of Aspergillosis that usually affect 
immuno compromised individuals and also support the use Moringa oleifera leaves in 
traditional treatment of Aspergillosis and diseases caused by Rhizopus stolonifer.  
  
CONCLUSION AND RECOMENDATIONS 
The findings obtained in this research showed that;  the antifungal activity of the plant 
extract depend on the type of solvent used for the extraction and the test organisms. Both 
methanolic and ethanolic extract showed dose dependent antifungal activity. The present 
study makes the following recommendations: 

➢ Its recommended to isolate and separate the phytochemicals present in Moringa 
oleifera leaves responsible for this antifungal activity using advance scientific 
techniques and utilize it in developing synthetic chemotherapeutic agents. 

➢ Findings of the present study support  the  use of  Moringa oleifera leaves  in the 
treatment of diseases caused by Aspergillus flavus and Rhizopus stolonifer. 

➢ Also recommend the use of   Methanol can also be use as a solvent for extraction of 
Moringa oleifera leaves.  
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