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ABSTRACT 
 

 

An endophytic fungus was isolated from the leaves of Vernonia amygdalina. The fungus was subjected to solid state 
fermentation on rice medium and the metabolites were extracted using ethyl acetate. The fungal extract was 
screened for antimicrobial activity and the bioactive compounds of the extract were detected using high-performance 
liquid chromatography-diode-array detection (HPLC-DAD) analysis. The antimicrobial assay was carried out using 
agar diffusion assay method against Staphylococcus aureus, Salmonella typhi, Escherichia coli, Pseudomonas 
aeruginosa, Bacillus subtilis, Entorococcus faecalis, Aspergillus niger and Candida albicans. The fungal extract, at a 
concentration of 1 mg/mL, inhibited all test bacteria except S. aureus. No antifungal activity was recorded against A. 
niger and C. albicans.  The HPLC-DAD analysis of the extract revealed the presence of four bioactive compounds 4-
hydroxyphenyl acetic acid, p-methoxycoumaric acid, indole-3-acetic acid, and acropyrone. 4-hydroxyphenyl acetic 
acid, which is a known antimicrobial agent, was the most abundant compound in the extract. Results of this study 
suggest that endophytic fungi associated with V. amygdalina could be a promising source of novel antimicrobial 
compounds. 
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INTRODUCTION 
 

Vernonia amygdalina is a tropical plant belonging to 
the family Asteraceae. It is commonly known as bitter 
leaf due to its characteristic bitter taste. The plant 
grows in Nigeria and in other tropical parts of Africa 
where it is consumed as a vegetable or used 
ethnomedicinally. Extracts and compounds isolated 
from V.  amygdalina have been reported to possess 
several pharmacological properties including 
cytotoxic/anticancer [1,2,3,4,5,6], antimicrobial [7,6,9], 
antimalarial [10], and antioxidant [11] activities. The 
plant has also been reported to be effective against 

amoebic dysentery [12] and gastrointestinal disorders 
[13]. 
Recent studies on the endophytic fungal populations 
of Nigerian medicinal plants have confirmed the 
enormous potentials which abound in these 
organisms as sources of novel bioactive molecules 
[14,15,16,17,18,19,20,21,22]. Also, endophytes from 
V. amygdalina have been shown to possess 
potentials in the discovery of novel bioactive 
compounds [23,24]. 

In our effort to further explore Nigeria’s biodiversity for 
novel biologically important molecules, we isolated an 
endophytic fungus associated with V. amygdalina 
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collected from Agulu, Anambra state, Nigeria, and 
identified some of its bioactive secondary metabolites. 

 

MATERIALS AND METHODS 

 
Figure 1: Leaves of Vernonia amygdalina 
 
Isolation of endophytic fungus, Fermentation and 
extraction of metabolites 
The isolation of the endophytic fungus, fermentation 
and extraction of metabolites was carried out as 
previously described [21,22]. Fresh leaves of V. 
amygdalina were collected from Agulu, Anambra 
state, Nigeria. Selected healthy plant leaves were 
washed thoroughly in running tap water and 
processed as follows: the leaves were cut into 1 cm 
fragments and surface-sterilized by immersion in 2% 
sodium hypochlorite solution for 2 min, 70% ethanol 
for nearly 2 min, before a final rinse in sterile water for 
5 min. The leaf fragments were placed on Petri plates 
containing malt extract agar (MEA) supplemented 
with chloramphenicol. The plates were then incubated 
at 28oC temperature and fungal growths from the leaf 
fragments were monitored. Hyphal tips from distinct 
colonies emerging from leaf segments were sub-
cultured onto fresh MEA plates to obtain pure 
colonies. 
Solid state fermentation of the endophytic fungus was 
carried out in 1L Erlenmeyer flask containing 
autoclaved rice medium (100 g of rice and 200 mL of 
distilled water). The flask was inoculated with 3 mm 
diameter agar blocks containing the fungi and 
incubated at 28°C for 21 days. At the completion of 
fermentation, the secondary metabolites were 
extracted in ethyl acetate and then concentrated 
under vacuum at 40oC using a rotary evaporator. 

 

Antimicrobial assay  
 

Antibacterial and antifungal screening of the fungal 
extracts was carried out using the agar well diffusion 
method previously described [21,22]. The extracts 
were tested against laboratory strains of 
Staphylococcus aureus, Bacillus subtilis, 
Enterococcus faecalis, Escherichia coli, Salmonella 
typhi, and Pseudomonas aeruginosa, Candida 
albicans and Aspergillus niger. A concentration of 1 
mg/mL was prepared for all the fungal extracts by 
dissolving the extracts in 100% DMSO. A volume of 
20 mL of molten Mueller Hinton Agar (MHA) and 
Sabouraud Dextrose Agar (SDA) (in the antibacterial 
and antifungal tests respectively) were poured into 
sterile Petri plates (90 mm) and allowed to set. 
Standardized concentrations (McFarland 0.5) of 
overnight cultures of test isolates were swabbed 
aseptically on the agar plates and holes (6 mm) were 
made in the agar plates using a sterile metal cork-
borer. A volume of 20 µL of the extract and controls 
were put in each hole under aseptic condition, kept at 
room temperature for 1 h to allow the agents to 
diffuse into the agar medium and then incubated 
accordingly. For positive controls, gentamicin (10 
µg/mL) and miconazole (50 µg/mL) were used in the 
antibacterial and antifungal tests respectively; while 
100% DMSO was used as the negative control in 
both tests. The MHA plates were then incubated at 
37oC for 24 h, and the SDA plates were incubated at 
room temperature (28oC) for 3days. The inhibition 
zones diameters (IZDs) were measured and 
recorded. The size of the cork borer (6 mm) was 
deducted from the values recorded for the IZDs to get 
the actual diameter. This procedure was conducted in 
triplicate, and the mean IZDs calculated. 
 
High-Performance Liquid Chromatography-Diode-
Array Detection (HPLC-DAD) Analysis 
 

HPLC-DAD analysis was carried on the fungal extract 
with a Dionex P580 HPLC system coupled to a photo-
diode array detector (UVD340S, Dionex Softron 
GmbH, Germering, Germany). The separation column 
(125 mm × 4 mm; length × internal diameter) was pre-
filled with Eurospher-10 C18 (Knauer, Germany). A 
linear gradient of nanopure water (adjusted to pH 2 by 
addition of formic acid) and methanol was used as 
eluent.  The fungal extract (2 mg) was reconstituted 
with 2 mL of HPLC grade methanol. The mixture was 
sonicated for 10 min and thereafter centrifuged at 
3000 rpm for 5 mins. Then, 100 μL of the dissolved 
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sample was then transferred into a HPLC vial 
containing 500 μL of HPLC grade methanol.  
Detection was at 235 nm. The absorption peaks for 
the extract were analyzed by comparing with those in 
the HPLC-ultraviolet (UV)/visible database, which 
contains over 1600 registered compounds. 

 
RESULTS AND DISCUSSION 
 

An endophytic fungus (BL-MR1) was isolated from 
the leaves of V. amygdalina. Results of the 
antimicrobial assay of the fungal extract (Table 1) 
reveal that at 1 mg/mL, the extract showed mild 
antimicrobial activity only against the bacterial test 
isolates with IZDs ranging from 0 − 8 mm. The fungal 
extract showed no antifungal activity against C. 
albicans and A. niger.  
The extract of the endophytic fungus from V. 
amygdalina represent a dependable source of 
bioactive compounds, evidenced by the wide range of 
compounds with diverse biological properties present 
in these extracts. The HPLC-DAD analysis of the 
extracts revealed the presence of 4-hydroxyphenyl 
acetic acid, p-methoxycoumaric acid, indole-3-acetic 
acid, and acropyrone). The HPLC chromatogram, UV-
spectra and chemical structures of detected 
compounds are presented in Figure 2. 
 
Table 1: Inhibition zones diameters (IZDs) 
produced against test organisms in the 
antimicrobial assay of the crude extract of 
endophytic fungus (BL-MR1) isolated from V. 
amygdalina 
 

Test 
Organisms 

Concentration 
(1 mg/mL) 

Positive 
control 

Negative 
control 

Gentamicin 
(10 µg/ml) 

DMSO 

S. aureus 0 12 0 

E. coli 4 17 0 

P. 
aeruginosa 

5 12 0 

S. typhi 8 16 0 

B. subtilis 6 14 0 

E. faecalis 7 12  

 Miconazole 
(50 µg/ml) 

DMSO 

C. albicans 0 23 0 

A. niger 0 21 0 

 
The HPLC-DAD analysis of the extract revealed the 
presence of four compounds with biological activities 

that are either antimicrobial, cytotoxic, anti-
inflammatory or antioxidant. These compounds 
include 4-hydroxyphenyl acetic acid, p-
methoxycoumaric acid, indole-3-acetic acid, and 
acropyrone. 
 

Acropyrone has been previously isolated from 
Acronychia pedunculata and has been reported to 
show cytotoxic activity [25, 26].  4-Hydroxyphenyl 
acetic has been has been reported to show 
nematicidal and antimicrobial activities [27,28,29]. 
Indole-3-acetic acid has been has been reported to 
show cytotoxic/anticancer, antioxidant, and anti-
inflammatory activities [30-32]. p-Methoxycoumaric 
acid (p-Methoxycinnamic acid) a cinnamic acid 
derivative, has been reported to show 
antihyperglycemic [33]. 
 

The extracts of endophytic fungi isolated from V. 
amygdalina showed antimicrobial activity. The 
detected compound 4-hydroxyphenyl acetic acid with 
known antimicrobial activity [27, 29], was the most 
abundant compound in the extract as it showed the 
most prominent peak (A) in the HPLC chromatogram 
of the extract (Figure 2). This compound may have 
contributed greatly to the antimicrobial activity 
recorded by the fungal extract against the test 
bacterial and fungi.  
 

The HPLC is remains a major analytical tool for the 
identification of the various constituents of crude 
mixtures, such as the endophytic fungal extracts. 
However, the use of the HPLC as the sole tool of 
identifying the bioactive metabolites in the crude 
extracts is limited, as only compounds whose UV-
spectra are already in the HPLC spectral library can 
be detected. As a result of this limitation, the 
undetected compounds or compounds whose spectra 
had no library hit/match may represent important or 
novel bioactive compounds [21,22]. It is therefore 
recommended that further studies be carried out 
employing other more sensitive analytical tools such 
as mass spectrometry and/or NMR to validate the 
findings of this research. 

B 
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Figure 2: HPLC chromatogram, UV Spectra, and chemical structures of detected bioactive compounds: A (4-
Hydroxyphenyl acetic acid), B (p-Methoxycoumaric acid), C (indole-3-acetic acid) and D (Acropyrone) 

4-Hydroxyphenyl acetic acid (A)
  

p-Methoxycoumaric acid (B)
  

Indole-3-acetic acid (C) 
  

Acropyrone (D)  

4-Hydroxyphenyl acetic acid (A)
  

p-Methoxycoumaric acid (B)
  

Indole-3-acetic acid (C) 
  

Acropyrone (D)  
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CONCLUSION 
 

The results of this study suggest that endophytic 
fungi associated with V. amygdalina could be a 
potential source of novel antimicrobial compounds 
and other biologically important molecules. 
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