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Abstract 
Endophytic fungi are known repositories of secondary metabolites. They also serve as protectors and 
growth enhancers to their respective plant hosts. The present study was aimed at studying the 
antibacterial activity of the extract of endophytic fungus Aspergillus niger isolated from the stilt roots of 
Rhizophora apiculata. The ethyl acetate extract of the fungus species was assayed for bioactivity against 
five human pathogenic bacterial strains Staphylococcus aureus (MTCC96), Micrococcus luteus 
(MTCC106), Pseudomonas aeruginosa (MTCC326) and Enterococcus faecalis (MTCC439), Proteus 
mirabilis (MTCC1429) by disc diffusion method. Sensitivity of the strains varied from P. mirabilis, 
which was most sensitive followed by P. aeruginosa, M. leuteus, S. aureus and E. faecalis in order. It 
suggested that both gram positive and negative bacterial strains responded to the effect of crude extract 
exhibiting the activity zone with a range of 23mm to 15mm at 50µl and 100µl concentrations 
respectively. Phytochemical analysis of the crude extract revealed the presence of terpenoids, saponins 
and proteins, suggesting that these biomolecules have potential to serve as antibacterial compounds. 
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Introduction 
Mangroves plants grow in saline coastal habitats and possess specialised roots and form a 
network like system in its habitat. The network in combination with the soils of the mangrove 
habitat in the intertidal zone forms a kind of environment that attracts rich microbial 
communities [1]. But mostly the endophytes reside in the internal tissues of host and in case of 
mangroves, they exist in roots [2]. Fungi are ubiquitous eukaryotic, heterotrophic organisms 
and accounts for about one million species among the higher plants [3]. In case of mangroves 
more than 200 species of endophytic fungi have been isolated and identified and these 
endophytes were proven to be a well-established source for structurally diverse and 
biologically active secondary metabolites [4, 5]. It is also suggested that the mangrove roots host 
a plethora of endophytic fungi [6]. In recent time these fungi have got the attention of scientists 
due to their beneficial effects as protectors and enhancing the growing capacity of the host 
plant [7]. As reported by Strobel [8] endophytic fungi serve as a major source of metabolites 
with higher biological activity. It is also well documented that the anti-cancer compound Taxol 
was first obtained from Taxus brevifolia is also being produced by endophytic fungi 
Taxomyces andreanae [9].  
Another immunosuppressant drug cyclosporine isolated from the fungus Tolypocladium 
inflatum served as a candidate compound for the design of compound like Debio-025, which is 
a potential antiviral drug [10]. Similarly statin, one of the metabolite isolated from both the 
fungi Penicillium citrinum and Aspergillus terrus are used in the treatment of cardiovascular 
diseases [10, 11]. Also fungal metabolites like strobilurines isolated from Strobilurus sp. served 
as a lead compound for the development of synthetic fungicide such as trifloxystrobin [12]. 
Approximately 140 new natural products have been isolated from endophytic fungi during 
1987 – 2000, and from 2000 to 2006 a similar number were also characterised [13, 14]. It was 
reported that Cyclopeptide 1962A was isolated from an unidentified fungus associated with 
the mangrove Kandelia candel having cytotoxic activity against human breast cancer [15]. 
It is well understood that the bacterial resistance is the major concern for the search of new 
antibiotics and it should be from novel natural resources and it is believed that search for novel 
compounds can be directed towards the plants growing in unique environment or endemic 
locations as they are presumed to harbour novel microbes that may produce unique 
metabolites[16]. The objective of this study was to find probable antibacterial compounds from 
the endophytic fungi associated with the roots of pristine mangrove ecosystem of South
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Andaman Coast, Andaman and Nicobar Islands, India. 
 
Materials and Methods 
Isolation of fungal strain 
Sixty stilt roots from ten individual mangrove plant of 
Rhizophor aapiculata were collected from Chidiyatapu(Lat. 
110.30´N Long. 920.41' E) along the coast of South Andaman, 
during low tide and brought to the laboratory in sterile 
polythene bags and processed within few hours of collection 
to reduce the chance of contamination. Samples were washed 
with sterile water in order to remove the adherent sediment 
particles, and roots were then rinsed with sterile sea and 
distilled water (1:1) for 3 minutes. Surface sterilization was 
done by sequential rinse of the roots in 95% ethanol (30 sec) 
5% sodium hypochlorite (5 min), 95% ethanol (for 30s) and 
sterile sea water (Fisher et al., 1986). The roots were cut in to 
2cm pieces each with sterile razor and placed on potato 
dextrose agar medium supplemented with antibiotic 
(Gentamicin 80 mg) aseptically. The plates were wrapped 
with paraffin and placed in incubator at 27 °C for 1 week. The 
plates were observed at regular intervals for fungal growth, 
and pure culture was obtained by transferring the fungal 
hyphal tips into sterile PDA plates aseptically. 

Identification of Fungus 
For the identification of the fungus the hyphal tips from pure 
culture were transferred to a sterile slide and stained with 
lactophenol cotton blue solution and observed under 
stereomicroscope (Olympus Bx41). The fungus was 
morphologically identified as Aspergillus niger according to 
the keys provide by Thom and Raper [17] and Watanabe [18]. 
 
Molecular Characterisation. 
The total genomic DNA was isolated based on the method 
prescribed by [19]. The ITS regions of 5.8S rDNA region 
(ITS1 &ITS4) were amplified by employing ITS1-F (5’-
CTTGGTCATTTAGAGGAAGTAA-3’) and ITS4 
(5’TCCTCCGCTTATTGATATGC-3’) primers. The 
polymerase chain reaction product was sequenced in a 
sequencing firm and the data was submitted to gene bank for 
accession number. 
 
Frequency of Occurrence 
The frequency of occurrence denotes number of samples in 
which particular fungi was found against the total number of 
samples collected. Frequency of A. niger was calculated based 
on the formula drafted by Sarma and Hyde [20]. 

 

 
 

Fungal fermentation and extraction 
To extract the bioactive molecules, fungus was grown on 
PDA plates for 3-4 days and fresh mycelial plugs were 
inoculated into three 500ml Erlenmeyer flask containing 200 
ml of potato dextrose broth and incubated for 3 weeks at 26±1 
°c under static conditions [21]. In order to obtain mycelial free 
broth the culture was vacuum filtered. The filtrate was 
extracted with equal volumes of ethyl acetate (EtOAc) until it 
turned colourless and evaporated to dryness under reduced 
pressure at 45 °C using rotary vacuum evaporator 
(BuchiRotovapour II) leaving behind pale brown coloured 
powder. The mycelial mat was plotted in Whatmans filter 
paper No.1 to remove the moisture if any and crushed with 
the help of sterile mortar and pestle with 50ml ethyl acetate 
and subjected to sonication for 4-5 hours and centrifuged at 
10000rpm for 30 minutes in order to obtain intracellular 
metabolites. The supernatant left brown coloured powder 
when subjected to dryness in incubator at 45 °c. Crude 
extracts from filtrate and mycelium were combined, weighed 
(125mg) and stored at -40 °C for further studies. 
 
Column Chromatography 
Silica gel (60-120) mesh size with methanol was used in 
packing the column acting as stationary phase. Crude extract 
was loaded on silica bed and methanol was pipetted into 
column gently avoiding the breakage of silica bed. The 
fraction was collected in sterile glass beaker and ran through 
the column several until yellow coloured fraction obtained.  
 
Phytochemical Screening of the Extract 
The phytochemical analysis of the crude extract was done for 
compounds such as Terpenoids, sterols, saponins, phenols and 
proteins [22]. 
 
Test for Terpenoids 
To 5 ml of the crude extract 2ml of chloroform was added and 

shaken gently, 3ml of concentrated sulphuric acid was added 
to the above solution mixture and observed for the formation 
of reddish brown ring at the interface. Formation of reddish 
brown ring indicates the presence of terpenoids. 
 
Test for saponins – Froth test 
To 4ml of distilled water 1ml of the crude extract was added 
and shaken vigorously and observed for formation foam. 
Formation of foam indicates the presence of saponins. 
 
Test for phenols – Ferric chloride test 
To 2ml of crude extract 4-5 drops of ferric chloride solution 
was added, formation of bluish black colour indicates the 
presence of sterols. 
 
Test for sterols – Salkowskis test 
To 1.5ml of crude extract chloroform was added and mixed 
thoroughly, to the filtrate few drops of concentrates sulphuric 
acid was added. Formation of golden yellow colour indicates 
the presence of phytosterols. 
 
Test for proteins - Xanthoproteic test 
To 2ml of crude extract 3ml of concentrated Nitric acid was 
added and observed. Formation of dark yellow colour 
indicates the presence of proteins. 
 
Antibacterial Assay 
Pathogenic bacterial strains such as Staphylococcus aureus 
(MTCC96), Micrococcus luteus (MTCC106), Pseudomonas 
aeruginosa (MTCC326), Enterococcus faecalis (MTCC439) 
and Proteus mirabilis (MTCC1429) were subjected to 
antibacterial assay by using the crude extract following 
standard disc diffusion method [23]. Test organisms with 
inoculum size of 106 -107 colony forming units (cfu) were 
streaked on the surface of Muller-Hinton Agar plates. Two 
different concentrations of crude extract (50µl and 100 µl) 
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were pipette into sterile disc (10mm Diameter, Himedia), 
dried and placed on the surface of inoculated plates. 
Gentamycin sulphate (10mcg/dics, Himedia) was used as 
positive inhibitory control and ethyl acetate was used as 
negative inhibitory control. Plates were sealed with paraffin 
and incubated at 35 °C for 48 hours. 
 
Results 
Molecular identification 
The sequenced nucleotide of rDNA ITS region was 596 bp, 

its blast in NCBI resulted the present fungal strain as 
Aspergillus niger. The gene bank accession number of the 
present species is KY963648. A rooted molecular 
phylogenetic tree was constructed by neighbour-joining 
analysis [24] of the aligned sequences of ITS regions 
(Figure.1). From the phylogenetic study, the topology of 
mangrove endophyte A. niger was identical to A. niger 
(accession numbers KM458779, KP748369, DQ206869, 
HQ285532, AJ853742) with 99.1 and 98.9% bootstrap values 
respectively. 

 

c  
 

Fig 1: Neighbour-joining tree, showing the phylogenetic positions of the isolates and closest matching taxa based on ITS region of 5.8s gene 
sequence data. Bootstrap values (1000 replications). 

 
Frequency of Occurrence 
A total of sixty (60) stilt roots from 10 pants of Rhizophora 
apiculata were collected and processed for isolation of 
endophytic fungi. Out of 60 samples A. niger was isolated 
from 44 samples and remained as the prominent and 
frequently occurred fungus with 73.3%. 
 
Phytochemical analysis 
The phytochemical analysis of extract was carried out to test 
the presence of certain compounds like terpenoids, sterols, 
saponins, phenols and proteins, only three compounds 
terpenoids, sterols and proteins turned positive which depicted 
in Table -1 
 

Table 1: Phytochemical Analysis of extract. Antibacterial activity 
 

Sl. No Test Result 
1. Terpeniod + ve 
2. Saponin -ve 
3. Phenols -ve 
4. Phytosterols + ve 
5. Proteins +ve 

 

Enterococcus faecalis Micrococcus leuteus Pseudomonas aeruginosa

Proteus mirabilis Staphylococcus aureus
 

 

Fig 2: Inhibitory activity of crude extracts of Aspergillus niger 
against five pathogenic bacterial strains. 

 
Antibacterial assay revealed the potentiality of endophytic 

fungi A. niger crude extract, containing significant pathogen 
inhibiting compounds. Inhibitory activity of crude extract was 
visualised as clear zones around sterile discs (Figure– 2). Both 
Gram positive and Gram negative bacterial strains were found 
sensitive to the effect of crude extract (Table -2). Significant 
activity was observed against P. mirabilis and good activity 
against other pathogens. E. faecalis was found moderately 
sensitive. 
 

Table 2: Antibacterial activity of crude extract against pathogens. 
 

Bacterial strains 
Inhibition zone 

(in mm) 

Sl. 
No 

Gram Positive 
Bacteria 

Crude Extract 
125mg/ml 

(50µl) 

Crude Extract 
125mg/ml 

(100µl) 

1. 
Staphylococcus 

aureus(MTCC96) 
15 19 

2. 
Micrococcus 

leuteus(MTC106) 
18 20 

3. 
Enterococcus 

faecalis(MTC439) 
16 18 

 Gram Negative Bacteria   

4. 
Pseudomonas 

aeruginosa (MTC326) 
16 21 

5. 
Proteus 

mirabilis(MTC1429) 
17 23 

 
Discussion 
In the present study sixty stilt roots were collected from 
Rhizophora apiculata and a total of five different fungi 
species were isolated. But the fungus with significant 
reproductive structures was selected for antibacterial study by 
its crude extract. Based on the morphological and analysis of 
ITS regions (ITS1 & ITS4) the fungal strain was identified as 
Aspergillus niger. Significant studies on frequency of 
occurrence of marine fungi have been carried out by [25, 26, 27], 
but reports on frequency of endophytic fungi are scarce. The 
attempt in the present study was made to record the A. niger 
frequency which accounted73.3%. The phytochemical 
analysis revealed the presence of terpenoids, phytosterols and 
proteins in the sample. 
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Antibacterial activity in the present investigation revealed that 
crude extract has hindered both gram positive and gram 
negative bacteria. Maria [28] isolated four species of 
endophytic fungi from mangrove roots and carried out similar 
study on Pseudomaonas aeruginosa (NCIM 2063), 
Staphylococcus aureus (NCIM 2079) by using ethyl acetate as 
solvent for extraction of secondary metabolites that resulted 
lesser inhibition zone compared with present study. The ethyl 
acetate crude extract showed broad spectrum of antibacterial 
activity by exhibiting inhibitory zones in the range of 15-
18mm at 50µl concentration and 18-23mm at 100µl 
concentration. The activity zones proportionately increased 
with increase in the concentration of crude extract. P. 
mirabilis (MTCC1429) was found to be the most sensitive 
strain with 23mm inhibitory zone at highest concentration of 
the crude extract, while E. faecalis (MTCC439) was less 
sensitive with activity zone of 18mm. The present study 
indicates the secondary metabolites of the extract can be act 
as source of wide spectrum antibiotics. 
 
Conclusion 
The present study of mangrove endophytic fungi A. niger 
suggests that endophytes from marine environments have 
potential to be a productive source for the discovery of useful 
drugs for better pharmaceuticals. 
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