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Abstract: The study was carried outto investigate the antioxidant activity of fungi isolated from soil of different areas
of Punjab, India and compare their efficiency with a known antioxidant, ascorbic acid. The antioxidant potential of
fungal extracts was quantified by DPPH and reducing power assay. Total phenolic contents were estimated using
Folins-Ciocalteau (FC) reagent. Out of 113 fungal isolates selected, 51 were having antioxidant potential and these
were further assayed quantitatively. All of these showed good activity against DPPH radical while 32 of these
isolates demonstrated reducing potential also. In addition, some were equally good as ascorbic acid. The present
study demonstrated potential of soil fungi to have antioxidant activity similar to plants and mushrooms. High
phenolic content of fungi further highlight their significance as new sources of natural antioxidants. These fungi may

provide easier set up for production and purification of natural antioxidants as compared to higher plants.
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INTRODUCTION

In the past few years, there has been growing interest in
the reactive oxygen species (ROS) due to their
involvement in several pathological situations(Song and
Yen, 2002). Reactive oxygen species (ROS) include,
superoxide anion (O, ) and alkoxyl (RO radical, nitric
oxide (NO), hydrogen peroxide (H,O,), peroxy! radical
(ROO) and hypochloride (HOCI). Superoxide anion radical
(G,) and hydrogen peroxide (H,0,) can interact in the
presence of certain transition metal ionstoyield ahighly
reactive oxidizing species, the hydroxyl radical (OH")
(Valentao et al., 2002).

The oxidation induced by ROS may result in cell
membrane disintegration, membrane protein damage and
DNA mutations which play an important role in aging
and can further initiate or propagate the devel opment of
many diseases, such asarteriosclerosis, cancer, diabetes
mellitus, liver injury, inflammation, skin damages,
coronary heart diseases and arthritis (Moon et al .,2006,
Tiwari and Tripathi, 2007). Although, thebody possesses
such defense mechanisms, as enzymes and antioxidant
nutrientsthat arrest damaging propertiesof ROS (Virtanen
et al., 2007) however, their prolonged exposure may lead
to irreversible oxidative damage (Tiwari and Tripathi,
2007). Therefore, antioxidantswith freeradical scavenging
activities may have great relevance in the preservation
and therapeutics of diseases involving oxidants or free
radicals (Zhao et al., 2006).The antioxidants serve as a
defensive factor against free radicals in the body.
Enzymes such as superoxide dismutase, catalase and
glutathione peroxidase arethe main enzymesthat oppose

oxidation. If the free radical production becomes more
than the capacity of enzymatic system to cope up with,
then the second line of defense (vitamins) may come to
rescue. Vitamin A and C quenchfreeradicalsby oxidizing
and inactivating them. The polyphenolic compounds
commonly found in plants, mushrooms, and fungi have
been reported to have multiplebiological effectssuch as
anti-inflammatory, antiarteriosclerotic, antitumor,
antimutageni ¢, anticarcinogenic, antibacterial and cardio
protective actions including antioxidant activity (Miller
et al., 1995). Various natural resources including plants,
fungi and mushrooms have been known to produce many
biologically active substances including potent
antioxidants. Such natural antioxidantshave already been
isolated from plants and mushrooms but production and
downstream processing of actual bioactive
phytochemicals and secondary metabolites is quite
tougher as compared to microbes. Various
microorganisms, such as bacteria, fungi, and
actinomycetes are rich sources of bioactive molecules,
which have been used for the treatment of varioushuman
infecti ous diseases. However, avast biodiversity remains
untapped that can be exploited for the benefit of
humankind. A variety of fungal strains such asAntrodia
camphorata (Song and Yen, 2002); Penicillium
roquefortii, Aspergillus candidus, Mortierella,
Emericella falconensis, Acremonium, Colletotrichum
gloeosporioides (Rios et al., 2006), Mycelia sterilia
(Moon et al., 2006), Chaetomiumsp., Cladosporiumsp.,
Torula sp., Phomasp. (Huanget al., 2007) etc. havebeen
reported to produce novel antioxidants.The present study
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was planned to investigate the antioxidant activity of
some soil fungi isolated from various geographical areas
of Punjab, India and compare them with ascorbic acid, a
known antioxidant.

MATERIALSAND METHODS

I solation and growth of fungi: Fungi were isolated from
soils of different regions of Punjab. The fungal isolates
so obtained were identified on the basis of morphology
of the fungal culture, characteristics of the spores. The
cultures were also preserved in 10 % glycerol at -70°C.
The isolated fungi were grown on YGA plates for 6-7
daysfrom which two discs (8mm) of fungal myceliawere
used to inoculate 15 ml of Czapek dox’s broth in 50 ml
tubes and incubated in an incubator at 25° C. After 10
days incubation, the culture broth of each fungus was
filtered through Whatmann filter paper no.1 and the
filtrate so obtained was used for different assay
procedures.

Rapid screeningfor antioxidant activity by dot-blot DPPH
staining: Initialy, al the 113 fungi isolated from soil were
screened for their antioxidant activity according to dot
blot DPPH rapid staining method (Huang et al., 2006).
Dropstaken from culture broth were spotted ontoaTLC
plate (Silica gel 60 F,;,) with the help of micro capillary
and allowed to dry for 3 min. The staining of silica gel
TLC plateswas carried out by placing them upside down
for 10 secin 0.4 mM DPPH solution. The excess solution
was removed with a blotting paper and the plates were
air-dried. Stained silica layers revealed a purple
background with white spots indicating radical
scavenging capacity. The intensity of the white color
depends upon the amount and nature of radical
scavengers present in the sample. Ascorbic acid was
taken as the standard and distilled water was taken as
negative control.

Quantitative assay for DPPH free radicals scavenging
activity: The scavenging activity for DPPH free radicals
was measured according to Zhaoet al. (Zhaoetal ., 2006).
An aiquot of 1 ml of 0.1 mM DPPH solution in ethanol
and 0.5 ml of extract were mixed. The mixture was shaken
vigorously and allowed to reach a steady state at room
temperature for 30 min. Decolourization of DPPH was
determined by measuring the absorbance at 517 nm, and
the DPPH radical scavenging was calculated according
to the following equation:

% scavenging rate = (1-(A1-A2)/ AO) x 100,

where AO wasthe absorbance of the control and A1 was
the absorbance of extract, A2 wasthe absorbancewithout
DPPH. Ascorbic acid was taken as the standard. All the
tests were performed in triplicate.

Deter mination of antioxidant activity by reducing power
measur ement: The reducing power of the extracts was
determined according to Changet al. (Changetal .., 2002).
An aliquot of 0.5 ml extract was added to 0.1 ml of 1%

potassium ferricyanide. The mixture wasincubated at 50
°C for 30 min, during which period ferricyanide was
reduced to ferrocyanide and supplemented with 0.1 ml of
1% trichloroacetic acid and was mixed with 0.1% FeCl,,
and left for 20 min. Absorbance was read at 700 nm to
determine the amount of ferric ferrocyanide (Prussian
blue) formed. Increased absorbance of the reaction
mixtureindicated increased reducing power of the sample.
Ascorbic acid was taken as the standard .All the tests
were performed in triplicate.

Determination of total polyphenalic content (TPC): The
total polyphenolic contents were determined
colorimetrically using the Folin-Ciocalteau (FC) method
according to Singletonet al. (Singletonet al., 1999) with
some modifications. Test sample (0.5 ml) was mixed with
0.2ml of FC reagent and allowed to stand for 10 min to
which 0.6 ml of 20% sodium carbonate was added and
mixed compl etely. The reaction mixture wasincubated at
40° C for 30 min. Absorbance of the reaction mixture was
measured at 765 nm. Gallic acid was taken as standard.
All the tests were performed in triplicate.
Determination of Mycelial biomass: The dry weight of
mycelia was measured after repeated washing of the
mycelial pelletswith distilled water and drying overnight
at 70°C to a constant weight.

Statistical analysis: Theresultsare expressed asmean £
SD values. Pearson’s correlation coefficient was also
analysed. p value less than 0.05 were considered
statistically significant.

RESULTS

Fungal isolates: Majority of the fungal isolates (23)
belonged to the genusAspergilluswhile 17 isolateswere
identified as Penicillium. In addition, one genus was
identified as Rhizopus while rest of the fungal isolates
could not beidentified.

Rapid screening of antioxidant activity by dot blot assay:
Antioxidant capacity of fungal extracts was detected
semi-quantitatively by a rapid DPPH staining method.
This method is typically based on the inhibition of the
accumulation of oxidized products, since the generation
of freeradicalsisinhibited by the addition of antioxidants
and scavenging of the free radicals shifts the end point.
The appearance of a white color spot on a purple
background haspotential valuefor theindirect evaluation
of antioxidant capability of the each fungus in the dot
blots. Out of 113 fungal isolates, 51 showed whitecolored
spot against purple background (Fig. 1). Theintensity
of white color was however variable for different
organisms. These positive strains were selected for
further studies and quantification.

Quantitative assay for DPPH freeradicals scavenging
activity: DPPH moleculethat contains stablefreeradicals
has been widely used to evaluate the radical s scavenging
ability of antioxidants. The reduction ability of DPPH
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Fig. 1. Dot blot qualitative assay of some positive fungal
extracts for antioxidant activity.

radical formation was determined by the decrease in its
absorbance at 517 nm induced by antioxidants. All the
positivefungal strains (51) used for quantitative studies
showed good activity. The Aspergillus isolates PR 15,
PR 38, PR 70 and Penicillium PR 46 showed the highest
DPPH scavenging activity ranging from 80% - 92%.
Ascorbic acid as standard showed 96.87% scavenging
activity. Aspergillus PR 40, PR 57, and Rhizopus PR 61
gave relatively poor performance (27% - 39%). (Table.
1).The control broth without fungal extract showed no
activity.

Deter mination of antioxidant activity by reducing power
measur ement: Reducing power measure the ability of a
sample to act as an electron donor and therefore, reacts
with freeradical s converting them to more stable products
and thereby terminate radical chain reaction. In order to
examine the reducing power of fungal extracts, the
reduction of Fe* to Fe?* wasobserved. Of the51 positive
strains selected as above, 32 showed reducing power to
variable extent and some of theisolatesviz Aspergillus
PR 64, PR 78,PR 66 and Penicillium PR 46 showed even
higher reducing power than ascorbic acid (Table 1). The
control i.e. broth without fungal extract showed no
activity.

Total phenalic content (TPC) and biomass: The total
phenolic content of fungal extractswasdetermined using
FC reagent. The highest TPC was observed in
Penicillium PR 46 which contained 20.59 mg/ml of filtrate
and was followed by AspergillusPR 15, PR 64, PR 66, PR
78, PR 113 varying from 11-19 mg/ml of filtrate, while
RhizopusPR 61, PR 16,PR 19 had the lowest amount of
phenolic compoundswith 1.47,1.19,1.02 mg/ml of filtrate,
respectively. The media used for growth of fungi did not
show any phenolic content. Thefungal biomassobtained
at the end of incubation period of 10 days for different
fungi ranged from 93 to 223 mg (Table 1).

DISCUSSION

Epidemiological studies show that human body is
damaged by reactive oxygen and nitrogen species. Thus,
it is considered important to increase the intake of
antioxidants in the human diet. Some synthetic
antioxidants may exhibit toxicity with carcinogenic

potential, show lower efficiency than natural antioxidants,
and require high manufacturing costs. Thus, thereis a
need to identify natural and possibly more economic and
effective antioxidants (Mathew and Abraham, 2006; and
Kumar and Chattopadhaya, 2007). Natural antioxidants
are also in high demand for application as nutriceuticals
as well as food additives because of consumer’s
preferences. (Zielinski and Kozlowska, 2000; and Leeand
Y en, 2006). Inthe present study, 45 percent of soil fungal
i sol ates possessed anti oxidant activity and most of them
belonged to genus Penicillium and Aspergillus.
Qualitative test proved successful for bulk screening of
samples though quantitative analysis revealed the
differential ability of such fungi. On the basis of
qualitative test all the short listed fungal strains were
positive for DPPH free radical scavenging activity and
the different organisms revealed variable antioxidant
potential, which may be due to neutralization of free
radical character of purple color DPPH either by transfer
of electron or hydrogen atom to yellow colored
diamagnetic molecule (Bounatirou et al.,2007). The
reducing power evaluation of the test compoundsis an
important parameter related to assessing the antioxidant
activity. The extracts act as reductones that inhibit lipid
peroxidation by donating a hydrogen atom thereby
terminating thefreeradical chain reaction. Out of 51 fungi
positive for DPPH free radical scavenging activity, 32
werefound to possess reducing potential, which may be
due to the di-monohydroxy substitution in the aromatic
ring, which possesses potent hydrogen donating ability
(Chang et al., 2002).

Previous studiesreveal phenolic compoundsto be major
antioxidants of medicinal plants, mushrooms, essential
oils, spices, fruits and vegetables (Mokbel and
Hashinaga, 2006). Theinterest in the phenolic compounds
has increased tremendously due to their prominent free
radical scavenging activity (Robbins.,2003), attributed
to their redox properties, which allow them to act as
reducing agents or hydrogen atom donor (Amarowicz et
al.,2004).Theimportance of phenolic contents has been
endorsed from the present observation of their high
content in soil fungi. AspergillusPR 78, PR64, PR66, and
PenicilliumPR46 possessed high phenolic content with
good reducing power as well as DPPH scavenging
activity. Some studies have proved that the phenolic
substances such as flavonoids and phenolic acids are
considerably more potent antioxidants than vitamin C
and vitamin E. These compounds have also been found
to exhibit many other health related properties because
of their antioxidant activities (Aljadi and Kamaruddin,
2004).

The comprehensive eval uation of antioxidant activity of
natural products using different tests has been shown
to be important in assessing antioxidant activity of
endogenous compounds. It is attractive for researchers
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Table 1. Antioxidant potential of soil fungi.

Strains DPPH assay * Reducing power Total phenolic Biomass®
content "

AspergillusPR 2 70.32£0.15 - 2.5+ 0.001 196 + 0.001
AspergillusPR 3 63.74+0.76 - 4.14+ 0.030 204+0.110
AspergillusPR 4 74.29 +0.20 0.673+ 00 6.95+ 00 177 + 0.030
PR 5 67.22£0.54 0.115 + .0005 2.98+ 0.050 98 + 0.0010
AspergillusPR 7 69.15+0.18 0.153 + 0.001 3.76 + 0.02 180 + 0.009
PR 13* 70.27 £0.27 - 486+ 0.02 193 + 0.006
AspergillusPR 15 85.69 + 0.23 0.768 + 0.001 15.46 + 0.002 173+ 0.002
PR 16* 66.42+ 0.41 0.202 + 0.001 119+ 030 93+ 0.004

Penicillium PR 17 74.60 + 1.50 0.5 + 0.005 853+ 0.30 201 + 0.007
AspergillusPR 18 78.10+0.36 0.485 + 00 4.98+ 0.030 205 + 0.007
Penicillium PR 19 45.26 + 0.26 - 1.01+ 0.02 102 + 0.001
AspergillusPR 20 7452+ 0.37 - 419+ 040 169 + 0.009
AspergillusPR 22 85.91+ 0.27 0.136+ 0.001 398 +0.03 150 + 0.009
AspergillusPR 23 80.09 £ 0.10 - 3157+0.01 202 + 0.006
AspergillusPR 26 74.46+0.31 - 2.77 + 0.030 172 + 0.003
Penicillium PR 28 75.01 + 045 0.567 + 0.001 7.1£0.10 183 + 0.001
AspergillusPR 38 92.42+021 0.530+ 0.001 5.6+ 0.001 163 + 0.006
Penicillium PR 40 27.13+0.478 - 9.68+ 0.08 200 + 0.002
Penicillium PR 42 67.44 £ 0.82 0.634 + 0.002 9.69 + 0.98 206 + 0.002
AspergillusPR 43 70.18+ 0.10 - 2,67+ 0.02 208 + 0.030
AspergillusPR 45 70.33+0.09 - 4.62 + 0.001 180 + 0.010
Penicillium PR 46 81.65+ 0.054 1.08+ 00 2059+ 0.1 195 + 0.008
Penicillium PR 49 7053+ 0.30 0.780 + 0.002 952+ 021 171+ 0.001
PenicilliumPR 53 65.22 + 0.09 0.642 + 0.008 6.38 + 0.24 202 +0.009
Penicillium PR 57 39.02+0.51 - 1.1813+0.08 163 + 0.009
Penicillium PR 60 58.51 + 1.02 0.561 + 0.009 6.68 + 0.42 198 + 0.002
Rhizopus PR 61 27.46 £ 00 - 1.47 + 0.001 93+ 0.002

PR 63* 61.66 + 0.20 - 6.26 + 0.02 223+ 0.001
AspergillusPR 64 72.06 £0.27 1.4 £ 0.065 11.84+0.02 220+ 0.001
AspergillusPR 65 69.42 + 1.55 0.975+ 0.001 891+ 0.02 222 +0.03

AspergillusPR 66 71.10£0.18 1.02+0.01 13.29 + 0.046 153+ 0.010
AspergillusPR 70 68.96 + 0.47 0.510+ 00 5.68 + 0.03 193 + 0.001
PR 75* 73.2+0.18 0.769 + 0.001 9.28+ 0.011 205+ 0.010
PR 76* 68.29 +0.54 0.351+ 0.001 3.35+ 0.005 188 + 0.007
AspergillusPR 78 68.38 + 1.05 1.6 £0.02 17.32+0.05 185 + 0.007
Penicillium PR 79 72.14+0.20 0.98 + 0.001 7.28+0.09 165 + 0.005
PR 80* 61.60 + 0.28 - 339+ 0,011 205+ 0.010
PR 81* 66.36 £ 0.47 0.509 + 0.002 8.46 + 429 187 + 0.001
AspergillusPR 87 65.26 +0.17 0.536 + 0.002 9.03+ 0.02 176 + 0.010
AspergillusPR 88 67.41+ 00 0.389 + 0.001 7.28+ 0.002 165 + 0.001
PR 89* 84.11+0.81 0.834 + 0.002 11.74+0.24 186 + 0.002
Penicillium PR 93 77.40£0.35 0.147 £ 0.001 7.28 + 0.020 167 + 0.010
AspergillusPR 94 64.08 + 0.45 - 2.37+0.020 167+ 0.010
Penicillium PR 98 66.87 + 0.47 0.160 + 0.001 891 + 0.020 175+ 0.010
Penicillium PR 102 59.83+ 0.57 - 7.06 + 0.020 180+ 0.010
PR 104* 86.93 + 0.20 1.05+0.01 9.97 + 0.170 201+ 0.010
Penicillium PR 105 69.73+ 0.27 - 6.41 + 0.020 217 + 0.001
Penicillium PR 106 65.58 + 0.57 - 7.37 £ 0.020 196+ 0.010
AspergillusPR 109 63.16 + 0.36 - 3.02+0.020 174+ 0.003
Penicillium PR 110 68.72+ 0.37 0.298 + 0.001 6.19 + .0110 194+ 0.020
AspergillusPR 113 62.82+0.15 1.04+0.13 12.10+ 0.260 177 + 0.020

Each value is the mean * standard deviation?, % scavenging activity; ® mg/ml of culture; ¢ mg ;- no activity; * unidentified

to have a convenient, fast, and universal method for
overall quantification of antioxidant efficiency of the
natural materials. However, such a test yet has to be
developed. A total antioxidant activity assay using one
chemical reaction seemsto berather unredistic, yet there
are numerous published methods claiming to measure
total antioxidant activity in vitro. In the present study,
different assays were employed to assess the
comparative antioxidant potential of the fungal extracts.
The selected strains giving quantitatively sufficient

DPPH activity werefound to be having sufficient reducing
power thus complementing each other. However, some
strainslacked reducing power. Scavenging potential and
reducing power of these extracts are dependent upon
their unique phenolic structure, number and position of
the hydroxy! groups and their ability to donate hydroxyl
groups as well as in which form these phenolic
compounds are present, i.e. free or bound form (Zhao et
al., 2006 and Sultana et al., 2007). Another probable
reason for their lack of reducing power may be that
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Table 2. Comparison between different antioxidant assays as
represented by correlation coefficient (r) (n=51).

DPPH Assay Reducing TPC
power
Reducing power 0.071
TPC 0.178 0.541
Biomass 0.239 0.240 0.334

polyphenols present in these fungi are not efficient
reducing agent for ferrous iron due to some steric
hindrance .On the other hand free hydroxyl groups in
phenolic compounds may easily scavenge free radicals
(Wong et al., 2006).

Proper correlation could not be established in
polyphenalic content and antioxidant activities which
may be due to that FC reagent is not specific for just
polyphenols asit can be reduced by many nonphenolic
compoundssuch asvitaminsC, Cu(l) etc. Variousothers
workers have also reported the poor specificity of the
assay (Sultanaet al., 2007 and Wonget al ., 2006). Further,
variation in correlation coefficient among different
antioxidant assays indicates that a single assay is not
sufficient to eval uatethetotal antioxidant activity (Table2).
Moreover, the polyphenolic contents of the fungi may
not act as an index of their antioxidant activity as they
possess many different enzymes, such as catalase and
superoxide dismutase and many others componentssuch
as glutathione which may be responsible for antioxidant
activity (Rapp et al.,1973 and Pécsi et al.,2004). The
mechanism in fungi may be different from plants and it
may become clearer in near future. Still, if comparisonis
done with standard ascorbic acid, fungal strains are
equally good which proves that further study of such
fungal isolateswill be beneficial asthey areyielding high
amount of active components showing comparable good
antioxidant activity.

Conclusion

Our results suggest that the fungi might produce more
bioactive compounds apart from antibiotics and these
findings will facilitate further studies to gain better
understanding of bioactive metabolites production in
fungi, which will be helpful in the biotechnol ogical mass
production of bioactive metabolites in near future. The
resultsfrom in vitro experiment including DPPH radical
scavenging activity, reducing power method demonstrate
that the different soil fungi may have significant
antioxidant activities and phenolic compounds, which
areresponsiblefor their potential for different biological
activities. If positive physiological properties and the
non-toxicity of the antioxidant compounds of the fungi
isproven these could be suggested as apossible natural
sources of antioxidantsfor incorporation into somefood
products and supplements to prevent many free radical

mediated diseases and the health of consumers. Further
investigations are needed to discover bioactive
constituents in the fungal isolates and different
antioxidant activity of fungi and component analysis
should be studied in the near future.
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