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ABSTRACT  
This study was done to evaluate the antimicrobial activity of metabolites of an endophytic Lasiodiplodia 
theobromae isolated from the stem of Psiduim guajava. The endophytic fungus was isolated using standard 
method and identified by microscopy/molecular biology protocols. Hence, subjected to solid-state fermentation 
on rice medium for extraction of its metabolites. The extract was screened for antimicrobial activity and its 
secondary metabolites identified by high-performance liquid chromatography-diode-array detection (HPLC-
DAD) analysis. The fungal extract showed antibacterial activity against Pseudomonas aeruginosa, Salmonella 
typhi, Klebsiella pnuemoniae and Staphylococcus aureus. Inhibition zone diameter ranges from 2→9 mm and 
antifungal activity against Candida albicans, IZD, 2→5 mm. Minimum inhibitory concentrations of the extract 
against the test organisms ranged from 0.0625→0.25 mg/mL. HPLC-DAD analysis revealed the presence 
aranosinol B, p-hydroxybenzoic acid, and dienone dimethoxyketal. The extract of L. theobromae isolated from 
P. guajava exhibited good antimicrobial activity attributed to the bioactive compounds present. 
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Introduction 
Medicinal plants and their endophytes are an important source of precious bioactive compounds and secondary 
metabolites that contribute to more than 80% of the natural drugs available in the marketP

1
P. Endophytes are 

microorganisms that include bacteria and fungi living within plant tissues without causing any immediate overt 
negative effectsP

2
P. 

Endophytic microorganisms are the storehouse of novel secondary metabolites that can serve as an excellent 
source of drugs for antiarthritic, antimicrobial, anticancer, antidiabetic, anti-insect, and immunosuppressant 
activities P

3, 4, 5, 6, 7, 8, 9
P  

Endophytes are a poorly investigated group of microorganisms capable of synthesizing bioactive compounds 
that can be used to combat numerous pathogensP

10
P. To date, only a few plants have been investigated for their 

endophytic diversity and potential to produce bioactive secondary metabolites. The discovery of novel 
antimicrobial secondary metabolites and bioactive compounds from different types of endophytic 
microorganisms is an important alternative to overcome the increasing levels of drugs resistance to various 
pathogenic microorganismsP

4
P. 

A single endophyte may be able to produce not one but several bioactive metabolitesP

11
P. One major advantage of 

the utilization of endophytic fungi in drug discovery is that their diversity offers an abundant source of novel 
and active metabolites. Moreover, endophytes can be the alternative source of compounds isolated from plants 
thus eliminating the utilization of large quantity of plant material in producing the compound P

12
P. 
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Recently, several research groups have been motivated to evaluate and elucidate the potential of these 
microorganisms applied on biotechnological processes focusing on the production of bioactive compounds 
P

5,6,7,8,9,11
P. Some studies have shown that some of the endophytes are the chemical synthesizers inside the plants P

13, 

14, 15 

Psiduim guajava commonly known as guava belongs to the family of Myrtaceae and guagava species. It grows 
in the tropical and subtropical areas of the world, adapts to different climatic conditions but prefers dry climates 
P

16.
P Different parts of the plant have been used extensively in traditional folk medicine P

17
P. Traditionally guava is 

used for the treatment of various ailments like diarrhoea wounds, rheumatism, lung problems, ulcers etc. It is 
mainly known for its antispasmodic and antimicrobial properties in the treatment of diarrhoea and dysentery P

18, 

19
P.  

P. guajava plant and its parts have been studied extensively but the reports on its endophyte researches are still 
modest. Duran et al. P

20
Pevaluated the antimicrobial Potential of endophytic fungi isolated from the Leaves of P. 

guajava. Proenca P

21
P, isolated endophytic bacteria from P. guajava for identification of substances of 

biotechnological interest. Okoye et al. P

7 
Preported the presence of two new and five known cytochalasins from an 

endophytic fungus, KL-1.1 isolated from P. guajava leaves.  

In this study, we isolated an endophytic fungus from the stems of P. guajava, which was collected from 
Akegbe-Ugwu, in Nkanu West Local Government Area of Enugu State, South-East Nigeria. Ethyl acetate 
extract of the fungus was screened for the presence bioactive secondary metabolites and its antimicrobial 
potential. 
 
MATERIALS AND METHODS 
Isolation of Endophytic Fungus and Extraction of Its Secondary Metabolites 
Lasiodiplodia theobromae was isolated from the healthy stems of Psiduim guajava following a modified 
method described by Eze et al.P

22
P. The isolated fungi was transferred to a fresh malt extract agar and the 

procedure of transferring to fresh MEA plates carried out several times in order to obtain pure culture of fungi. 
The pure fungal strains were maintained in malt extract agar. Solid-state fermentation was carried out with 
autoclaved rice medium (100 g of rice and 200 mL of distilled water) in 1 L Erlenmeyer flasks. Blocks of Malt 
Extract Agar containing fully grown fungal isolate were cut into pieces and transferred aseptically  to  flasks 
containing the sterilized rice media, shaken a bit to spread the fungal hyphae on the medium. The flasks were 
tightly sealed and incubated at 27±1P

o
PC for 21 days. At the end of 28 days of fermentation, the secondary 

metabolites were extracted with ethyl acetate and then concentrated using a rotary evaporator at 40°C. 

Identification of the Isolated Endophytic Fungus 
The morphological identification of the endophytic fungal strains was based on the morphology of the fungal 
culture colony, hyphae, the characteristics of the spores, and the reproductive structuresP

23
P. Also, the taxonomic 

identification of the endophytic fungus was carried out using DNA amplification and sequencing of the fungal 
ITS region as described by Kjer et al.P

24
P.  

Antimicrobial Evaluation of the Fungal Extract 
Antimicrobial screening of the crude fungal extracts was carried out using the agar well diffusion assay method 
as described by Ujam et al. P

9
P. The fungi extract was tested against laboratory strains of Staphylococcus aureus, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, Bacillus subtilis, Salmonella typhi, Aspergillus niger and 
Candida albicans. Concentrations of 1, 0.5, 0.25, 0.125 and 0.0625 mg/mL of the fungal extract were prepared 
in Dimethyl sulphoxide (DMSO). A volume of 20 mL of molten Mueller-Hinton agar (MHA) and Sabouraud 
dextrose agar (SDA) for the bacterial and fungal test isolates respectively were poured into sterile Petri dishes 
(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. These wells were respectively filled with 60 μL of the solution of fungal extract and controls. The 
plates were then kept at room temperature for 1h to allow the agents to diffuse into the agar medium and 
incubated accordingly. Ciprofloxacin (5 μg/mL) and miconazole (50 µg/mL) were used as positive controls in 
the antibacterial and antifungal evaluations respectively; while DMSO was used as the negative control. The 
MHA plates were then incubated at 37ᵒC for 24 h, and the SDA plates were incubated at 25ᵒC for 2days. The 
inhibition zones diameters (IZDs) were measured and recorded.  

Determination of Minimum Inhibitory Concentrations (MICs)  
The MICs of the fungal extract were determined against the test organisms on which the extracts showed 
activity in the preliminary antimicrobial screening using the agar dilution method P

9
P. A stock solution of 5 mg/ml 
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was prepared for fungal extract and was further diluted in a 2-fold serial dilution to obtain the following 
concentrations: 2.5, 1.25, 0.625, 0.3125, 0.156, and 0.0781 mg/mL. Agar plates were prepared by pouring 4 mL 
of molten double strength MHA and SDA (for bacteria and fungi respectively) into sterile Petri plates 
containing 1mL of the various dilutions of the extract making the final plate concentrations to become 1, 0.5, 
0.25, 0.125, 0.0625, 0.03125, and 0.0156 mg/mL. The test microorganisms (bacteria and fungi) which were 
grown overnight in broth were adjusted to McFarland 0.5 standard and streaked onto the surface of the agar 
plates containing dilutions of the extract. The MHA plates were then incubated at 37ᵒC for 24 h and the SDA 
plates were incubated at 25ᵒC for 2 days, after which all plates were observed for growth. The minimum dilution 
(concentration) of the extract completely inhibiting the growth of each organism was taken as the MIC.  

High-Performance Liquid Chromatography-Diode-Array Detection (HPLC-DAD) Assay 
The dried fungal metabolites extract was reconstituted with 2 ml of HPLC grade methanol (2 mg). The mixture 
was sonicated for 10 min, followed by centrifugation at 3000 rpm for 5 min. Then, 100 μL of the dissolved 
sample was transferred into HPLC vials containing 500 μL of the HPLC grade methanol. The HPLC-DAD anal-
ysis was carried out on the samples with a Dionex P 580 HPLC system coupled to a photodiode array detector 
(UVD340S, Dionex Softron GmbH, Germering, Germany). Detection was at 235, 254, 280, and 340 nm. The 
separation column (125 mm × 4 mm; length × internal diameter) was pre-filled with Eurospher-10 C18 (Knauer, 
Germany) and a linear gradient of nanopure water (adjusted to pH 2 by addition of formic acid) and methanol 
was used as eluent. The absorption peaks of the fungal metabolites were analyzed by comparing with those in 
the HPLC-ultraviolet (UV)/visible database. 

RESULTS 
From the stem of P. guajava, an endophytic fungus was isolated. The macroscopic features of the fungus shows 
woolly mycelium, thick spreading colonies, Grayish purple with reverse purple pigmentation that turns black 
with age. Microscopy revealed conidiophores that are hyaline, simple, sometimes septate, rarely branched 
cylindrical, arising from the inner layers of cells lining the pycnidial cavity (Figure 1). Following molecular 
identification procedures, the fungus was identified as Lasiodiplodia theobromae. The fungal DNA sequence 
data was deposited in the National Center for Biotechnology Information (NCBI) database (GenBank) with 
accession numbers MK491768. 

At concentrations of 0.125 -1 mg/mL, the fungal extract displayed antibacterial activity against both Gram-
negative and Gram-positive test isolates with inhibition zone diameter (IZD) ranging from 2 to 9 mm. Antifugal 
activity was recorded only against C. albicans at 0.25 – 1 mg/mL, with IZD in the range of 2 to 5 mm (Table 1). 
Also, the extract of L. theobromae showed an MIC of 0.25 mg/ml against S. aureus, S. typhi, K. pneumoniae 
and C. albicans, and MIC of 0.0625 mg/ml against P. aeruginosa (Table 2). 

Figures 2 and 3 show the detection of three compounds - aranosinol B, p-hydroxybenzoic acid, and dienone 
dimethoxyketal, in the extract of L. theobromae through HPLC-DAD analysis.  
 

    
Figure 1: (a). Psiduim  guajava  plant (b). Isolated fungus (Lasiodiplodia theobromae) (c). Microscopic appearance of the isolated 
fungus 
 
Table 1: Antimicrobial Activity of the Extract of L. theobromae against Tested Microorganisms (Mean IZD) 
Samles Concentration 

(mg/mL) 
S. 

aureus 
P. 

aeruginosa 
S. 

typhi 
K. 

pneumoniae 
B. 

subtilis 
C. 

albicans 
A. 

niger 
L. theobromae 
crude extract 

1 4 9 4 6 0 5 0 
5.0 3 6 3 4 0 4 0 
0.25 2 5 2 2 0 2 0 
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0.125 0 2 0 0 0 0 0 
0.0625 0 0 0 0 0 0 0 

DMSO 60μL 0 0 0 0 0 0 0 
Ciprofloxacin 5μg/ml 0 6 0 24 7 - - 
Miconazole 50 μg/ml - - - - - 14 21 
S. aureus-Staphylococcus aureus, P. aeruginosa-Pseudomonas aeruginosa,S.typhi-Salmonella typhi , K 
.pneumoniae-Klebsiella pneumonia, B.subtilis-Bacillus subtilis, C. albicans-Candida albican, A. niger-
Aspergillus niger 
 
Table 2: Minimum Inhibitory Concentrations (MICs) of the Fungal Extract against test microorganisms 

MIC (mg/mL) 

S. aureus B. subtilis S. tyhpi P. aeruginosa K. pnuemoniae A. niger C. albicans 

0.25 - 0.25 0.0625 0.25 - 0.25 

S. aureus-Staphylococcus aureus, P. aeruginosa-Pseudomonas aeruginosa,S.typhi-Salmonella typhi , K 
.pneumoniae-Klebsiella pneumonia, B.subtilis-Bacillus subtilis, C. albicans-Candida albican, A.niger-
Aspergillus niger 

 
Figure 2: Chromatogram of extract of  L. theobromae isolated from P. guajava 

 
Figure 3: UV spectrum of  the detected bioactive in the Extract of L. theobromae (A: Dienone dimethoxyketal, B: p-hydroxybenzoic 
acid, C: Aranosinol B) 
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Discussion 
In this study, an endophytic fungus identified as Lasiodiplodia theobromae was isolated from the stem of P. 
guajava, an endemic plant of Nigeria. The fungal secondary metabolites were extracted using ethyl acetate, and 
the extract was screened for its antimicrobial activity. The constituents of the fungal extract were determined 
using HPLC-DAD analysis. 

L. theobromae had been isolated by other researcher from different plants like Terminalia arjuna P

25
P, Acanthus 

ilicifolius P

26
P, Solanum nigrum P

27
P and Boswellia ovalifoliolata P

28
P. This is the first report of isolation of L. 

theobromae from Psiduim guajava. 

L. theobromae is a cosmopolitan fungus with a worldwide distribution in the tropic and sub tropic regions, and 
there is no evidence of host specificity for the isolate P

29, 30
P. L. theobromae can also be considered as a latent 

pathogen capable of endophytic infection P

31, 32
P. 

The secondary metabolites of the isolated endophytic fungus were successfully extracted using the solid phase 
fermentation in rice medium and extraction in ethyl acetate. The HPLC-DAD analysis chromatograms of the 
ethyl acetate extract on rice cultures revealed the presence of many phenolic compounds (Figure 2) out of which 
only Aranosinol B, p-hydroxybenzoic acid and dienone dimethoxyketal were identified based on comparison of 
UV spectra (Figure 3) with in-built library.  HPLC-DAD systems allow the generation of a library of UV spectra 
in a rather straight forward manner which in turn is extremely valuable for de-replication of compounds 
previously isolated. 

p-hydroxy benzoic acid (PHBA) is an organic chemical which can be obtained naturally as well as synthetically. 
There are several reports of its various biological properties viz. antimicrobial, antialgal, antimutagenic, 
antiestrogenic, hypoglycemic, anti-inflammatory, anti-platelet aggregating, nematicidal, antiviral, antioxidant 
activities P

33
P. 

Aranorosinol B is reported to have antimicrobial propertyP

34
P. Aranorosinol B a compound isolated from 

Pseudoarachniotus roseus displayed antibacterial activity against Gram-positive bacteria including B. subtillis 
and S. aureus.  It inhibited YycG from both B. subtillis and S. aureusP

35
P. 

L. theobromae extract demonstrated antimicrobial activity against five out of the seven tested microorganisms. 
It exhibited antibacterial activity against S. aureus, P. aeruginosa, S. typhi, K. pnuemoniae.  Additionally, the 
fungal endophyte extract showed antifungal activity against C. albicans. However, it showed no activity against 
B. subtilis and A. niger. It is believed that the presence of p-hydroxybenzoic acid previously reported as a potent 
antimicrobial P

33
P and some other phenolic compounds P

36
P in the extract contributed to the antimicrobial activity 

demonstrated by the extract. The antimicrobial activity exhibited by L. theobromae suggests that it can be 
potential source of antimicrobial compounds.  

 
CONCLUSION  
The result of this study shows that L. theobromae isolated from P. guajava is a reservoir of novel bioactive 
compounds that have potential antimicrobial property and form an important source for drug discovery.  
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