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ABSTRACT Endophytic fungi of medicinal plants have gained tremendous importance with emerging evidence of their 
immense ecological and biotechnological relevance. In the present study an attempt has been made to iso-

late, characterize and screen endophytes associated with leaves of Ocimum sanctum Linn. (Lamiaceae) for their antioxidant 
potential. A total of 147 endophytic fungal strains, with high colonization rate of 73.5% were isolated from the host plant. 
Using multiple assay system ethyl acetate extracts of representative endophytes grown in improved Czapex Dox broth were 
subjected to free radical scavenging activities against 2,2-Diphenyl-1-picrylhydrazyl (DPPH), reducing power assay (RP) and 
ferric reducing antioxidant power (FRAP). Total phenolic content (TPC) and total flavonoid content (TFC) were also evalu-
ated. The total phenolic and flavonoid content ranged from 1.6±0.13 to 18.13±0.09 mgGAE/100mL culture and, 1.7±0.03 
to 5.33±0.21 mgRE/100mL culture respectively. Endophytic fungi, Mycelia sterilia was found to be the most potent free 
radical scavenger with highest phenolics and flavonoid content, and was therefore subjected to molecular characterization 
based on rDNA sequencing of internal transcriber sequence (ITS) region. The results obtained indicate a significant positive 
correlation between antioxidant capacity and total phenolic and flavonoid content thereby suggesting that the antioxidant 
activity of these endophytes may be attributed to its high phenolic and flavonoid content. Therefore, fungal endophytes 
isolated from O. sanctum represent a potential antioxidant resource.

Introduction
Reactive oxygen species (ROS), such as superoxide anion, 
hydroxyl radicals and hydrogen peroxide, are chemically re-
active molecules derived from oxygen. They are generated 
in living organisms as by-products through many metabolic 
pathways. ROS can readily react with and oxidize most bio-
molecules including carbohydrates, proteins, lipids and DNA 
(Zhao et al. 1, 2006).These reactive oxidants when accumulat-
ed in large quantities lead to a condition generally referred to 
as oxidative stress. Implications of oxidative stress on various 
human diseases viz., Alzheimer’s, Parkinson’s, rheumatoid ar-
thritis, cardiovascular diseases, etc. (Nunomora et al. 2,2006; 
Wood-Kaczmar et al.3, 2006; Hitchon et al.4, 2004; Van Gaal 
et al.5, 2006) are well documented. Antioxidants are mol-
ecules that have the capacity to neutralize or scavenge these 
reactive species. Naturally occurring antioxidants are present 
in natural diet whereas enzymatic antioxidants are synthe-
sized within biological systems. Currently, scientists are trying 
to expedite the search of these natural antioxidants and the 
organisms that produce them. Though poorly investigated, 
recent research findings have christened endophytic fungi 
associated with medicinal plants as a “promising source” of 
antioxidant and various other bioactive metabolites.

Endophytes are ecological group of fungi that colonize liv-
ing, internal tissue of plants without any discernible features 
of their presence (Gehlot and Soytong 6, 2008; Hyde et al.7, 
2008).They are ubiquitous, share symbiotic relationships with 
their hosts (Tejesvi et al.8, 2005) and are found in all plant 
species examined to date (Naik et al.9, 2008; Stone et al.10, 
2000). In mutualistic or symbiotic associations, infected plants 
benefit by exhibiting increased resistance to herbivore graz-
ing through the production of various alkaloids (Naik et al. 
9, 2008; Owen and Hundley 11, 2004) improved growth and 
competitive ability by increasing the mineral uptake potential, 
plant phenotypic traits, temperature and drought tolerance, 
leaf chemistry, tolerance to heavy metals in soils, propensity 
for vegetative reproduction (Naik et al.9, 2008; Malinowski et 
al.12, 2002; Redman et al.,13,2002; Suryanarayanan et al.14, 
2009) and defence against microbial pathogens (Tejesvi et 

al.8, 2005; Naik et al.9, 2008; Rubini et al.15, 2005; Arnold et 
al.16, 2003). In addition to their ecological value, endophytic 
fungi are also probably a major potential source for various 
natural products that possess a unique structure and bioac-
tivity (Xing et al.17, 2010). Interestingly, endophytic fungi 
are reported to be metabolically more innovative than soil 
fungi (Suryanarayanan et al.14, 2009; Schulz et al.18, 2002) or 
fungi associated with algae (Suryanarayanan et al.14, 2009; 
Schulz et al.19, 2008).Their production of unique bioactive 
metabolites, such as, alkaloids, benzopyranones, benzoqui-
nones, flavonoids, phenols, steroids, terpenoids, tetralones, 
xanthones , and others are well known (Suryanarayanan et 
al.14, 2009; Huang et al.20, 2007; Mitchell et al.21, 2008; Tan 
and Zou 22, 2001; Stadler and Keller 23, 2008). Endophytes 
have been extensively screened for antibacterial, cytotoxic, 
as antioxidants, antidiabetic and anti-immunosuppressive 
compounds (Shukla et al.24, 2012).

Ocimum sanctum Linn. (Tulsi) a medicinal herb, renowned as 
sacred basil for its religious and spiritual sanctity has been 
used for thousands of years in Ayurveda for its diverse heal-
ing properties (Luthra 25, 2010. The pharmacological prop-
erty of the plant is credited to the synergistic interactions of 
many different active phytochemicals; eugenol, urosolic acid, 
carvacrol, linaleol, methyl carvicol, sitosterol etc., including 
saponins, flavonoids, triterpenoids, and tannins all of which 
have various biological activity. In addition, many phenolics 
have been identified, which also exhibit antioxidant and an-
ti-inflammatory activities (Kelm et al.26, 2000; Shishodia et 
al.27, 2003; Jaggi et al.28, 2003). However, there is only one 
report on antioxidant properties of endophytic fungi from O. 
sanctum (Shukla et al., 24, 2012). Hence, based on the prior 
literature that endophytes of medicinal plants are the poten-
tial source of bioactive compounds and possess the same 
biological activity, it was deemed worthwhile to isolate endo-
phytic fungi from O. sanctum and investigate the metabolites 
for their antioxidant potential. Therefore, we investigated 
four strains of endophytic fungi viz; Aspergillus sp., Aspergil-
lus terreus, Aspergillus versicolor and Mycelia sterilia for their 
antioxidant capacity. 
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Materials and methods 
Sample collection
Leaf samples of O. sanctum (Family: Lamiaceae) were col-
lected from the Prashanti Nilayam campus garden of Sri 
Sathya Sai Institute of Higher Learning (14º9’N,77º48’E), 
Prasanthi Nilayam, Puttaparthi, Anantapur Dist., A.P., India 
during March 2012. Plant parts were washed with tap water 
and processed for isolation of endophytic fungi immediately 
after the collection.

Media preparation 
Potato Dextrose Agar (PDA) was used for isolation and purifi-
cation of endophytic fungi. Antibiotic, streptomycin (100 mg 
L-1) was added to the media to suppress bacterial growth. 
The media and antibiotics were purchased from Highmedia, 
India.

Isolation of endophytic fungi
Endophytic fungi were isolated from the healthy plants of O. 
sanctum as per the protocol described by (Gond et al.29, 
2007). To eliminate epiphytic microorganisms, all the sam-
ples were surface sterilized by dipping in ethanol (70%) for 
1-3 min, followed by a solution of sodium hypochlorite (4% 
available chlorine) for 3-5 min and then rinsed in ethanol 
(70%) for nearly 2-5 s, before a final rinse in sterilized double 
distilled water. Samples were then allowed to surface dry un-
der sterile conditions (Naik et al. 9, 2008). Tissue segments 
were placed on a 9 cm Petri plate containing PDA medium. 

The effectiveness of sterilization was confirmed by following 
the leaf imprint method (Sánchez Márquez et al.30, 2007; 
Schulz et al.31, 1998). The absence of growth of any on the 
medium confirmed that the surface sterilization process was 
effective. The petri dishes were then incubated at 27±2ºC.
The plates were checked on a routine basis and hyphal tips 
growing out from the tissues were subsequently transferred 
onto fresh PDA slants. All isolated and identified endophytic 
fungi are maintained in the Department of Biosciences, Sri 
Sathya Sai Institute of Higher Learning, Prashantinilayam 
campus, Puttaparthi India. 

Identification of endophytic fungi
Slide preparation
Fungal mycelium was stained in cotton blue and observed 
under microscope. Four representative fungi were deposited 
to and identified by National Fungal Culture Collection of 
India (NFCCI), Agharkar Research Institute, Pune, India.

DNA isolation and amplification 
The DNA extraction protocol was followed according to 
(Rashmi et al.32, 2013) with minor modifications. A pinch of 7 
day-old mycelia from the surface of Czapex Dox Agar (CDA) 
plates was transferred to 50 ml Potato Dextrose Broth (PDB) 
and was subjected to constant agitation for 3 days at 25±1 
°C. After incubation, mycelia were separated from medium 
by centrifugation at 12000 X g for 10 min. The mycelia pel-
let was ground in liquid nitrogen using a pestle and mortar. 
DNA was extracted using the DNeasy plant Minikit (Qiagen, 
Germany) according to manufacturer’s instructions. Nucle-
ase free water (Qiagen, Germany) was used to elute and the 
DNA concentration was estimated by NanoDrop-ND- 1000 
spectrophotometer (Thermo Scientific, India). The DNA was 
stored at -80°C until further use. 

The internal transcriber sequence region (ITS) is the most 
widely sequenced DNA region in fungi because of its higher 
degree of variation than other genic regions of rDNA (SSU 
and LSU) and for its advantage in molecular systematics at 
the species level, and even within species (e.g., to iden-
tify geographic races). In the current study, conserved ITS 
1 (5’ TCCGTAGGTGAACCTGCGG 3’) and ITS 2 (5’ GCT-
GCGTTCTTCATCGATGC 3’) primer sequences (White et 
al.,33, 1990), custom synthesized from Eurofins, Bangalore, 
India were employed for PCR amplification of ITS. All PCRs 
were performed in Master Cycler-Pro thermal cycler (Ep-

pendorf, Germany) in a 30 µl reaction mix containing 50 ng 
template DNA of the endophytic fungi, 1X PCR buffer (with 
2 mM MgCl2), 200 µM each dNTP, 1µM ITS 1 and ITS 2 prim-
ers, and 1 unit Taq polymerase (Fermentas, New Delhi, India). 
The PCR cycling conditions included an initial denaturation 
at 94 °C for 4 min, followed by 32 cycles of denaturation at 
94 °C for 1 min, annealing at 58 °C for 1 min and extension 
at 72 °C for 1 min with a final extension of 72 °C for 8 min. 
The PCR products were electrophoresed on 1.2 % agarose 
gel stained with ethidium bromide and visualized under UV 
transilluminator (G-Box, Syngene, India). 

To obtain DNA sequence from the amplicons, single bands 
were cut from a 1% agarose gel and purified using a Gen-
elute gel extraction kit (Sigma, Bangalore, India). Purified 
PCR products were ligated into pTZ57RT TA cloning vectors 
(Fermentas, Bangalore, India) and transformed into calcium 
chloride competent E.coli DH5α cells following the proto-
col from Sambrook et. al.,34, (2001). Transformants were 
selected by Blue-white screening after overnight incubation 
of the LB plates inoculated with transformation mix. White 
colonies identified as containing a plasmid with an insert of 
the same size as the initial RAPD-PCR product were picked 
and grown overnight at 37°C with shaking in 2 to 4 ml of LB 
broth supplemented with Ampicillin. Plasmid DNA was puri-
fied from overnight cultures using a QIAprep spin miniprep 
kit (Qiagen) and was sequenced by Eurofins, Bangalore, In-
dia. Sequence trimming and contigs were formed from for-
ward and reverse sequences and were analyzed using BLAST 
against the GenBank subject databases. BLAST homologs 
were considered significant at an expectation value (e value) 
of≤10-3. Sequences from the most significant similarities 
were retrieved from NCBI nucleotide database and multiple 
sequence alignment was performed by ClustalW tool. Clus-
ter analysis of the pairwise similarity values was performed by 
using the UPGMA (unweighted pair group method using av-
erages) algorithm in Mega5 software. The rDNA sequence of 
Mycelia sterilia was submitted to NCBI Gene Bank database 
for accession number.

Fermentation and extraction of metabolites
The endophytes were transferred to fresh PDA plates and 
allowed to grow at 25ºC±1 ºC for 7-14 days. Some colonized 
plugs of PDA (5 mm in diameter) were transferred into 250 
mL Erlenmeyer flask containing 100 mL improved Czapex 
Dox broth (CDB). Flasks were put on a shaker in an incubator 
(orbital shaking incubator Orbitex Scigenics Biotech) at 120 
rpm for 14-21 days at 25ºC±1. Metabolites were extracted 
thrice with ethyl acetate (with equal volume) at room tem-
perature and concentrated in a rotary vacuum evaporator 
(Heidolph, Germany) to obtain the residue dry (crude) extract 
prior to antioxidant assays.

Antioxidant activity
DPPH radical scavenging assay
Various concentrations of the ethyl acetate extracts of endo-
phytic fungi (20-100 µg/ml, 2.5 ml) were mixed with metha-
nolic solution containing DPPH radicals (0.1 mM, 0.5 ml). The 
mixture was shaken vigorously and left to stand in dark for 
30 min. The reduction in the DPPH radical concentration was 
determined by measuring the absorbance at 517 nm (Hitachi 
spectrophotometer, U-2000). Methanol was taken as blank 
and DPPH solution without the extracts was taken as control 
(Dandamudi and Rao 35, 2011). The percentage of DPPH 
scavenged was calculated using the equation: % Scavenged 
= [(Ac-As)/Ac] x 100, where Ac is the absorbance of control, 
and As is the absorbance of solution containing sample ex-
tracts. TROLOX (6-hydroxy-2,5,7,8-tetramethylchroman-2-ar-
boxylic acid) was used as standard.

Reducing power assay
The reducing power was measured by the method of (Oyaizu 
36, 1986). Ethyl acetate extracts of endophytic fungi (20-100 
µg/ml, 2.5 ml) were mixed with sodium phosphate buffer (0.2 
M, pH 6.5, 2.5 ml) and potassium ferricyanide [K3Fe(CN)6] 
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(1%, 2.5 ml). The mixture was then incubated at 50ºC for 20 
min. Trichloroacetic acid (10% w/v, 2.5 ml) was then added 
and the mixture was centrifuged at 3000 rpm for 10 min. To 
the supernatant layer (2.5 ml), 2.5 ml of deionised water and 
ferric chloride (0.1%, 0.5ml) were added, and the absorb-
ance was measured at 700 nm (Hitachi spectrophotometer, 
U-2000). Higher absorbance indicated better reducing pow-
er. TROLOX was used as standard.

Ferric reducing antioxidant power assay
In FRAP method, the complex formed when ferric tripyridyl 
triazine (Fe3+ TPTZ) complex was reduced to the ferrous (Fe2+) 
ion is determined using UV-Vis Spectrophometer (Hitachi 
spectrophotometer, U-2000). The oxidant in the FRAP assay 
was prepared by mixing TPTZ (10 mM in 40 mM HCl, 2.5 ml), 
acetate buffer (0.3 M pH 3.6, 25 ml), and 2.5 ml of FeCl3.6H2O 
(20 mM). To 3600 µl of freshly prepared FRAP reagent, 360 µl 
of water and 120 µl of endophytic fungal extracts (40-200 µg/
ml) were added. The mixture was then incubated at 37ºC for 
30 min. The absorbance was measured spectrophotometri-
cally at 595 nm. Higher absorbance indicates better ferric 
reducing ability of the extracts. BHT (Butylated hydroxytolu-
ene) was used as standard (Benzie 37, 1996).

Determination of total phenolic content
The amount of total phenolic was determined using the 
Folin-Ciocalteu reagent (Djeridane et al.38, 2006). 1 ml sam-
ple was dissolved in 1.5 ml distilled water and 0.5 ml Folin-
Ciocalteu’s reagent. After 1 min, 1 ml 20% sodium carbon-
ate solution was added. The final mixture was shaken and 
incubated at 25ºC for 2 h in the dark. The absorbance of 
the mixture was measured at 760nm. A standard graph was 
first plotted using gallic acid (1-20 µg/ml) as a standard, giv-
ing an equation as:Absorbance = 0.041 gallic acid (µg/ml) 
+ 0.044 (R2 = 0.993). All tests were carried out in triplicate 
and the results were expressed as gallic acid equivalents (mg 
GAE/100ml broth). 

Determination of total flavonoid content
The flavonoid content was determined based on the forma-
tion of flavonoid-aluminium (Djeridane et al. 38, 2006). 1 ml 
sample was mixed with 1 ml 2% aluminium chloride solution. 
After incubation for 15 min at room temperature, the absorb-
ance of the reaction mixture was measured at 430 nm. Rutin 
was used as standard to make the calibration curve, giving 
an equation as: Absorbance = 0.033 rutin (µg/ml) + 0.005 (R2 
= 0. 996). The amount of flavonoids was expressed as rutin 
equivalents (mg RE/100ml broth). All tests were carried out 
in triplicate.

Statistical analysis
The relative frequency (%CF) of colonization of endophytic 
fungi was calculated using the formula given by (Hata and 
Futai 39, 1995). %CF = (Ncol/Nt) X 100; where, Ncol = the 
number of segments colonized by each fungus, and Nt = the 
total number of segments. The dominance of endophytes 
was calculated using the formula as per Kumaresan and Sury-
anarayanan 40, (2002). Dominance = %CF of a given endo-
phyte/sum of %CF of all endophytes X 100. 

Results and discussion
Isolation of endophytic fungi
A total of 147 isolates of endophytic fungi belonging to six 
genera were isolated from 200 leaf segments of O. sanctum. 
The present study revealed a high colonization rate of 73.50 
% (Table 1). The composition included 93.20 % hyphomy-
cetes and 6.80 % mycelia sterilia. No instance of members 
from ascomycotina, basidiomycotina or zygomycotina oc-
cured. Hyphomycetes of deuteromycotina are reported as 
common fungal endophytes among plants inhabiting tem-
perate, tropical and rainforest vegetations (Bacon and White 
41, 1994; Gond et al. 29, 2007). Cultures lacking reproduc-
tive structures or distinctive features were grouped under 
mycelia sterilia. This group of fungi is considerably prevalent 
in endophyte studies (Lacap et al. 42, 2003; Huang et al. 

43, 2008). Most of the taxa were common endophytic fungi, 
some of which were consistent with many previous studies. 
The dominant genera observed were Aspergillus (60.54%) 
and Fusarium (25.85%). Aspergillus is cosmopolitan and 
usually epiphytic, but may also occur endophytically (Gond 
et al.29, 2007; Schulthess and Faeth 44, 1998). The result 
in terms of occurrence of dominant endophytic fungi in this 
study is not in agreement with previous reports on endo-
phytic fungi of O. sanctum. In contrast, others have observed 
Phoma sp., Sporormiella minima and Talaromyces sp. as 
the dominant endophytic fungi in O. sanctum (Rajagopal et 
al.45, 2010). Hymenula sp., Tricoderma, Aureobasidium sp. 
and Tubercularia sp. (Banerjee et al.46, 2009) have also been 
recorded existing as endophytes in O. sanctum, but non of 
these organisms appeared as endophytes in this study. Re-
cently, Bhagat et al.47, (2012) reported Alternaria tenuissima, 
Cladosporium cladosporoides, Aspergillus fumigatus and 
Alternaria sp. from O. sanctum. However, the present work 
reports Curvularia trifolli, Drechslera halodes and Penicillium 
chrysogenum, not reported earlier as endophytes from O. 
sanctum. The isolation of Penicillium sp. from O. sanctum in 
dry season was in agreement (Chareprasert et al. 48, 2006) 
because of the ability of spores of Penicillium sp. to survive 
and grow in lower water environment or in dry conditions 
categorizing it as a xerophilic type of fungus. 

Table 1 Endophytic fungi isolated from leaves of O. sanc-
tum.
The data presented are on the basis of 200 segments plot-
ted.

Endophytic fungi
No. of en-
dophytes

CF (%) [200 
segments]

Domi-
nance 

Hyphomycetes

Alternaria humicola 03 01.50 02.04

Aspergillus candidus 20 10.00 13.61

A. deflectus 01 00.50 00.68

A. itaconicus 51 25.50 34.70

A. japonicus 13 06.50 08.84

A. species 01 00.50 00.68

A. terreus 01 00.50 00.68

A. versicolor 02 01.00 01.36

Curvularia trifolli 04 02.00 02.72

Drechslera halodes 02 01.00 01.36

Fusarium avenaceum 01 00.50 00.68

F. chlamydosporum 37 18.50 25.17

Penicillium chrysogenum 
01 00.50 00.68

Sterile fungi 

Sterile mycelium (with 
chlamydospores) 01 00.50 00.68

Sterile mycelium 
(dark brown) 05 02.50 03.40

Sterile mycelium (brown) 
01 00.50 00.69

Sterile mycelium 
(branched mycelium) 01 00.50 00.69

Sterile mycelium (hyaline) 
02 01.00 01.36

No. of Isolates 147 73.50 -
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The genus Aspergillus includes many important fungi that 
are sources of various natural products. Reports indicate 
that these fungi isolated as endophytes may be a potential 
source of novel secondary metabolites that could possibly 
have tremendous pharmaceutical and biotechnological im-
plications. Recently, a new sesquiterpene, albican-1,14-diol 
(Liu et al.49, 2012) and new compounds Asperversin A and 
9 –O-2(2,3,-dimethylbut-3-enyl) brevianamide Q (Miao et al. 
50, 2012) were isolated from endophytic fungi A. versicolor. 
Also, Qiao et al.51, (2010) reported two new indoloditer-
pene derivatives asporyzin A and asporyzin B and one new 
indoloditerpene asporyzin C from A. oryzae that showed 
antimicrobial and insecticidal activity. Ravindran et al. 52, 
(2012) reported A. flavus a dominant endophyte from man-
grove species as having antioxidant potential. Methanolic 
extract of an endophyte, A. species isolated from Lobelia 
nicotianifolia was reported by Murthy et al.53, (2011) to 
have significant antioxidant potential. Mycelia sterilia have 
been isolated as endophytes from a wide range of host 
plants (Naik et al. 9, 2008). They have been reported to 
produce novel potent immunosuppressants, mycestericins 
that suppressed the proliferation of lymphocytes in the 
mouse allogenic mixed lymphocyte reaction, with potency 
similar to that of myriocin (Sasaki et al.54, 1994). Brunner et 
al.55, (2004) reported metabolites such as; myriocin, my-
cestericins and the sphingofungins from Mycelia sterilia that 
structurally resemble the sphingosines, that are important 
components of cell membranes and were reported to have 
remarkable in vitro immunosuppressive activity. There are 
reports on Mycelia sterilia as source of antioxidant com-
pounds. Moon et al.56, (2006) described three new phe-
nolic glycoside antioxidants; Glyscavins A, B and C from 
Mycelia sterilia F020054. 

Identification of endophytic fungi
The four representative endophytes selected for antioxidant 
capacity screening in this study were identified by NFCCI, 
Agharkar Research Institute, Pune, India, as Aspergillus sp., 
A. terreus, A. versicolor and Mycelia sterilia dematiaceous 
form with NFCCI accession number; 3001, 3002 and 2998 
respectively. The endophytic fungi, Mycelia sterilia was also 
identified by rDNA sequencing of ITS region with NCBI 
Gene Bank accession number KC560013. This fungus had 
a maximum percentage similarity of 59% with Sporormiella 
dakotensis. Phylogenetic relationship of this fungus with the 
related fungi is shown in Fig 1. 

Fig. 1 Cluster analysis of the pairwise similarity values per-
formed by using the UPGMA (unweighted pair group meth-
od using averages)

Total phenolics and flavonoid contents of endophytic fun-
gi and their correlation with antioxidant activity
Reports of the past have suggested that phenolic and fla-
vonoid compounds play an important role in stabilizing 
lipid oxidation and are thus credited for antioxidant activ-
ity as emphasized by several reports (Liu et al. 57, 2007; 
Chandra and Arora 58, 2012). Therefore, in this work we 
determined the total phenolics and flavonoid contents of 
the ethyl acetate extract of four endophytic fungi. The re-
sults of total phenolic and flavonoid content are shown in 
Table 2.

Table 2 Total phenolic and flavonoid contents of ethyl ac-
etate extracts of various endophytic fungi from Ocimum 
sanctum. Each value is expressed as mean ± standard de-
viation (n=3)

 
Aspergil-
lus versi-
color

Aspergillus 
species

Aspergillus 
terreus

Mycelia 
sterilia

Total phenolic
(mg GAE/100 
ml culture) 1.6±0.13 3.25±0.16 14.96±0.07 18.13±0.09

Total flavonoid
(mg RE/100 ml 
culture) 1.7±0.03 1.85±0.04 1.91±0.24 5.33±0.21

The highest levels of total phenolic and flavonoid contents 
were found in ethyl acetate extract of Mycelia sterilia (18.13 
± 0.09 mg GAE/100 ml culture broth for phenolics and 5.33 
± 0.21 mg RE/100 ml culture broth for flavonoids) followed 
by A. terreus ( 14.96 ± 0.07 mg GAE/100 ml culture broth for 
phenolics and 1.91 ± 0.24 mg RE/100 ml culture broth for 
flavonoids), while total phenolic and flavonoid contents of A. 
versicolor were lowest, 1.6 ± 0.13 mg GAE/100 ml culture 
broth for phenolics and 1.70 ± 0.03 mg RE/100 ml culture 
broth for flavonoids respectively. The results revealed that 
the ethyl acetate extract of endophytic fungi Mycelia ster-
ilia contains significant phenolics and flavonoids than those 
reported in the previous studies. Huang et al.20, (2007) have 
reported a total phenolics content in the range of 0.52 ± 0.02 
mgGAE/100 ml – 13.95 ± 0.11 mgGAE/100ml in endophytic 
fungi of Nerium oleander.

With further correlation analysis for Mycelia sterilia, it was 
found that there was positive correlation between the phe-
nolic contents of the extracts for various antioxidant activi-
ties (DPPH; R2 = 0.977; RP; R2 = 0.992; FRAP; R2 = 0.990) 
and flavonoid contents (DPPH; R2 = 0.988; RP; R2 = 0.925; 
FRAP;R2 = 0.975) respectively. Reports suggest a wide vari-
ation between different phenolics compounds in their ef-
fectiveness as antioxidant (Liu et al.57, 2007), which could 
possibly be argued on the basis that the antioxidant activity 
may not only depend on the concentration, but also on the 
chemistry of the molecules and the nature of interaction. In 
this study we assume that the antioxidant activity may have 
resulted from synergistic action of phenolics and flavonoid-
type compounds. 

Antioxidant activity
Free radical-scavenging capacity of the ethyl acetate ex-
tract using DPPH analysis
The ethyl acetate extracts of four endophytic isolates showed 
increasing scavenging effect with increased concentration. 
The activity was encouraging (53.12%) even at 100 µg/ml 
(Fig. 2) in comparison to the activity of the extract of an endo-
phytic fungi Mycelia sterilia isolated from Withania somnifera 
which showed a mild activity of 20.35 % at similar concentra-
tion (Madki et al.59, 2010). 

Fig.2  Effects of  fungal extracts on scavenging DPPH radi-
cals. Each value is expressed as mean  ± standard devia-
tion (n=3)
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However, the scavenging effect of TROLOX at 10µg/ml was 
90.61 %. Of the four species studied, Mycelia sterilia exhib-
ited maximum scavenging activity (53.12%) followed by As-
pergillus terreus (34.83%) against DPPH radical by neutraliz-
ing the free radical, either by transfer of electron or hydrogen 
atom thus, revealing the hydrogen donating property of the 
fungal extracts (Shon et al.60, 2003). 

Antioxidant capacity using Reducing power assay
Reducing power of the ethyl acetate extract of four endo-
phytic isolates was moderate (Fig. 3). At100 µg/ml the reduc-
ing power was in range of 0.163-0.349. However, the reduc-
ing power of TROLOX at 60µg/ml was 0.468. Results show 
that Aspergillus terreus exhibited maximum reducing power 
(0.349), followed by Mycelia sterilia (0.263). Aspergillus spe-
cies (0.163) exhibited least reducing power. 

Fig. 3 Reducing power of fungal extracts. Each value is 
expressed as mean  ± standard deviation (n=3)

Though, Zeng et al.61, (2011) reported endophytic fungi 
from liverwort Scapania verrucosa to have moderately and 
similar activity to the endophytes in this study, their study 
also demonstrated Chaetomium globosum exhibiting excel-
lent reducing potential (0.7). The maximum reducing poten-
tial of Aspergillus terreus may be attributed to the potential 
of the extracts to act as reductones that inhibit lipid peroxida-
tion by donating a hydrogen atom thereby terminating the 
free radical chain reaction. Moreover, this reducing poten-
tial may be due to the di or monohydroxy substitution in the 
aromatic rings that possess potent hydrogen-donating ability 
(Zhao et al.1, 2006). 

Antioxidant capacity using Ferric reducing antioxidant 
power assay
All ethyl acetate extract showed increased FRAP with increas-
ing concentration (Fig. 4). At 200µg/ml concentration, the 
FRAP values measured were in the range of 0.51 - 0.78. How-
ever, the FRAP of BHT at 80µg/ml concentration was 0.885. 
Results show that Mycelia sterilia exhibited maximum FRAP 

(0.780) compared to other fungal extracts. 

Fig. 4  Ferric reducing antioxidant power (FRAP) of fun-
gal extracts. Each value is expressed as mean  ± standard 
deviation (n=3)

Bhagobaty and Joshi 62, (2012) reported Mortierella. hya-
lina and Penicillium sp. isolated from Osbeckia stellata and 
Schima Khasiana respectively to produce a high antioxidant 
activity with a FRAP value of 1.316 and 1.417. The maximum 
FRAP activity of Mycelia sterilia may be attributed to its re-
ducing potential and also its potential to break the free radi-
cal chain by donating a hydrogen atom (Othman A et al. 63, 
2007). 

Conclusions
In vitro models in this study clearly established the antioxi-
dant potency of endophytic fungi, Mycelia sterilia and Asper-
gillus terreus from O. sanctum. This study also illustrates that 
internal leaf tissue of O. sanctum is an interesting biological 
niche that harbours and act as reservoir of endophytes which 
may produce important molecules with pharmaceutical rele-
vance. Thus, the study highlights the importance of isolating 
and screening endophytes of medicinal plants from varied lo-
cations and biotopes and further also suggests investigations 
in relation to purification, characterization and identification 
of these molecules which would possibly facilitate better un-
derstanding on their production and mode of action.
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