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ABSTRACT 

Endophytic fungi are potential sources of bioactive secondary metabolites that can be exploited for 

therapeutic purposes. Our study was aimed to identify bioactive secondary metabolites from crude 

extracts of endophytic fungi of three popular medicinal plants (Alstonia boonei- Ahun, Enantia 

chlorantha- Awopa and Kigelia africana- Pandoro) that have ethnobotanical history in Nigeria. The 

endophytic fungi were isolated from the stem barks of the plants using standard procedures. They 

were later fermented in broth culture, and the extract from the cell free broth of each of the fungi 

was subjected to Gas-Chromatography Mass-Spectrophotometry (GCMS). The results showed 

that, twenty-one different compounds were characterised from Aspergillus niger, Macrophomina 

sp, Trichoderma sp. and Penicillium species. The bioactive compounds include; Griseofulvin, 

Cinnamic acids, Penicillin, Coumarin, Cubenol, Erythritol among others. The presence of these 

compounds may contribute to the therapeutic properties of the plants.  
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INTRODUCTION 

It has been estimated that of the about 1.5 million fungal species on the earth, only about 100,000 

species are presently known 
1
 and a few taxa tested for their biological applications including their 

ability for drug production and biological control. Thus it seems that the discovered percentage of 

economically valuable fungal metabolites is small.  Soil fungi have been the most studied, and 

typical soil genera such as Acremonium, Aspergillus, Fusarium and Penicillium have shown ability 

to synthesize a diverse range of bioactive compounds. More than 30% of isolated metabolites from 

fungi are from Aspergillus and Penicillium. 
2
 Fungi however were usually obtained from the same 

ecological niche using the same fungal isolation methods. Therefore the same fungal strains were 

re-isolated and this lead to the re-discovery of known compounds as the same taxa produce the 

same metabolites. 

Endophytic fungi are potential producers of bioactive products.
3, 4

 They produce different bioactive 

secondary metabolites which include, steroids, alkaloids, xanthones, benzopyranones, terpenoids, 

chinones, phenolic acids, quinones, tetralones, flavonoids among others.
 5

  These secondary 

metabolites can be exploited for curing diseases.
 6

 They can be used as immunosuppressants, 

agrochemicals, antioxidants, antibiotics, antiparasitics, and anti- cancer agents. 
7
 

In addition, some plants generating bioactive natural products have associated endophytes that 

produce the same natural products. Such is the case with paclitaxel, a highly functionalized 

diterpenoid and famed anticancer agent that is found in each of the world's yew tree species - 

Taxus spp. 
8
  In 1993, a novel anti cancer producing fungus, Taxomyces andreanae, from the 

Taxus brevifolia was isolated and characterized. 
9
 

As endophytic fungi are rich sources for bioactive compounds and a huge demand arises for novel 

drugs, it is therefore necessary to exploit the endophytic fungi associated with medicinal plants. 

Hence, this work analyzed fungal endophytes found in stem barks of three popular medicinal 

plants (Alstonia boonei- Ahun, Enantia chlorantha- Awopa and Kigelia africana- Pandoro) that 

have ethnobotanical history in Nigeria 

MATERIALS AND METHOD 

Reagents and Media 

Reagents used in the course of this project include: Absolute ethanol, 95% ethanol, 2% sodium 

hypochlorite, lactophenol cotton blue, immersion oil; which were all of analytical grade. Media 

used include: Potato Dextrose Agar (PDA), Malt Extract Agar (MEA), Mueller Hinton Agar, 

Nutrient Agar. 

http://www.ajptr.com/


Isaac et. al., Am. J. PharmTech Res. 2016; 6(3)     ISSN: 2249-3387 

539 www.ajptr.com 

 

Sample Collection and Identification 

Healthy (showing no visual disease) barks of medicinal plants; Alstonia boonei (Ahun), Enantia 

chlorantha (Awopa) and Kigelia africana (pandoro) were obtained from the local herbal market, 

Mushin, Lagos. The plants were identified and authenticated at the Mr Oyebamji of the Herbarium, 

University of Lagos, Nigeria. 

Isolation and Identification of the fungi 

The fungi were isolated under sterile conditions from the stem barks of the plants following an 

isolation protocol, cultured on Sabourand dextrose agar media as described previously. 
10 

Fermentation 

Thirty (30) ml of potato dextrose broth was distributed in 100ml conical flasks and autoclaved at 

121
o
C for 15minutes. The isolated endophytic fungal strains were inoculated aseptically into all 

flasks. The flasks were kept on the shaker at 27
o
C for 9 days for growth. The flasks were examined 

periodically for any contamination. After 9 days, culture media were centrifuged at 5,000 rpm for 

30 minutes.  

Detection of class of secondary metabolites by GC/MS analysis 

The fungal extracts were subjected to Gas Chromatography Mass Spectrophotometer (GCMS) for 

qualitative analysis; purification and identification of the class of compounds present. 

Gas chromatography was done to determine the class of compounds of the metabolites obtained 

from the fermentation process (characterization of compounds). 

A Hewlett Packard (HP) 6890 series (USA) with a flame ionization detector (FID) was used. 

Instrument operating conditions were as follows: an SE-30 glass column pack with internal 

diameter of 2.5µm, and length of 30m and packed with porapak N, 60/100, a column temperature 

of 250
o
C, an injector temperature of 220

o
C, a detector temperature of 280

o
C, Nitrogen carrier gas 

flow rate of 22ml/min and hydrogen carrier gas at a flow rate of 45ml/min and 

temperature/ramping rate of 10
o
C/min. In carrying out the GC, a standard profile was first obtained 

by injecting 1 ml of standard antibiotics into the GC and a chromatogram was generated to serve as 

a calibration window with which the test sample was analyzed. After generating the standard 

profile, 20 ml of the sample was extracted with ethyl acetate/ methanol and raced through 

chloroform, then concentrated to 1ml (test sample) from which 1 µl was injected into the GC and 

an equivalent chromatogram was generated. The peak areas of the standard and test sample 

chromatogram were compared with respect to the concentration of the sample. This is given by: 

Concentration of test sample = Total peak of sample × concentration of standard  

       Peak area of standard 
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RESULTS AND DISCUSSION 

Gas chromatography and mass spectrophotometer assay indicated the presence of twenty one (21) 

metabolites, some of which were common to all the fungi studied. The most common volatile 

compounds which were detected consistently in all the endophytes were 5, 8 dimethylquinoline, 

Homosyringic acid and 8, 11 Octadecadienoic acid. Others incude; Cinnamic acids, alpha-

Amorphene, 4a methyl-trans-2 decali, Penicillin, alpha-Cadinol, Griseofulvin, n-Tridecanoic acid, 

Palmitaldehyde, n-Tetradecanoic acid, Olealdehyde, 2-Pentadeconone, Cis-9-hexadecenal, Cis- 2-

methoxy cinnamic, Coumarin, Cinnamaldehyde, 2-Furaldehyde 5- hydroxym, Cubenol and 

Erythritol (table 1) 

Our study showed that extracts of fermentation broths from Aspergillus niger, Macrophomina sp, 

Trichoderma sp. and Penicillium species produced a variety of 21 bioactive compounds, ranging 

from 7-16 different compounds per endophyte (table 1). The endophyte Penicillium sp 2 produced 

the highest number of bioactive compounds (16) while the fungal endophyte  Penicillium sp 1 

produced the lowest bioactive compounds (7).  

Most of these compounds belong to the groups of antimicrobial compounds found in plants 
11

 and 

also possess antifungal properties. 
12

  Cinnamic acid and Cinnamaldehyde are phenolic compounds 

which are bioactive phytochemical that possess single substituted phenolic ring. Phenolic toxicity 

to microogranisms is related to the site and number of hydroxyl groups present in the phenolic 

compounds. 
13, 14

  Cinnamic acid secreted has been found to be active against bacteria, fungal and 

viruses. 
15

  The 5, 8 dimethyl quinoline secreted by all the endophytes studied is a di-ketone, which 

is known to exhibit activity against microorganisms by forming irreversible complex in 

nucleophilic aminoacids in their protein structures. Penicillin and Griseofulvin are known 

antibacterial and antifungal agents which are widely used for therapeutic purposes world over. 

Penicillin, which was first discovered by Flewin in 1928, has been produced industrially since 

early forties, 
16

 and made possible the control of many infectious diseases that had earlier affected 

mankind, 
17

  although its efficacy had diminshed due to the emergence of several bacteria that are 

now resistant to it. Griseofulvin however still remain one of the drugs of choice for treating fungal 

infection 
18

 and its efficacy remains largely uncompromised. Coumains are phenolic compounds 

made of fused benzene and α-pyridine rings. They possess characteristic odour and have been 

shown to have antimicrobial activities against bacteria, fungi and viruses.
19

  Erythritol, a sweetener 

polyol that can be used as a sugar substitute for people with diabetes and obesity, it is also useful 

in pharmaceutical as well as food industries. 
20
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In general, the secondary metabolites secreted by these endophytes exhibit antimicrobial effects 

and may contribute in no small measure to the therapeutic value of the medicinal plants harbouring 

them. They can also serve as potential sources of novel drugs.  

Table 1: Bioactive Compounds characterized from extracts of fermentation broths from 

endophytic fungi 

S/N Pure compounds Endophytic fungi producing bioactive metabolites 

  Macrophomina A.niger      P.citrinum      Penicillium 

sp1      

Penicillium 

sp2 

1 Cinnamic acids +ve -ve -ve +ve -ve 

2 alpha-Amorphen -ve -ve -ve -ve +ve 

3 5,8-dimethylquinoline +ve +ve +ve +ve +ve 

4 4a-methyl-trans-2-decali -ve -ve -ve -ve -ve 

5 Penicillin -ve -ve -ve -ve +ve 

6 alpha-Cadinol  +ve +ve +ve -ve +ve 

7 Griseofulvin -ve -ve -ve -ve +ve 

8 n-Tridecanoic acid +ve -ve -ve +ve +ve 

9 Palmitaldehyde +ve +ve +ve -ve +ve 

10 n-Tetradecanoic acid  -ve +ve +ve -ve +ve 

11 Homosyringic acid                +ve +ve +ve +ve +ve 

12 8,11-Octadecadienoic acid +ve +ve +ve +ve +ve 

13 Olealdehyde -ve +ve -ve -ve +ve 

14 2-Pentadeconone +ve -ve +ve +ve +ve 

15 Cis-9-hexadecenal -ve -ve -ve -ve +ve 

16 Cis-2-methoxy cinnamic -ve -ve -ve -ve +ve 

17 Coumarin -ve +ve +ve -ve +ve 

18 Cinnamaldehyde -ve +ve +ve -ve -ve 

19 2-Furaldehyde-5-hydroxym    +ve -ve -ve +ve -ve 

20 Cubenol +ve -ve -ve -ve -ve 

21 Erythritol -ve -ve +ve -ve +ve 
 „+ve‟

 bioactive compounds found        „
-ve‟ 

bioactive compounds not found  

CONCLUSION 

Our study has shown that fungal endophytes have the ability to produce several types of volatile 

compounds and these secondary metabolites produced by endophytes associated with medicinal 

plants can be exploited for therapeutic purposes. 
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