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SUMMARY 

The four organic solvent extracts of Adiantum pedatum were tested for the potential 
antimicrobial activity against clinically important standard reference bacterial strains. 
The agar disk diffusion method was used to study the antibacterial activity of Adiantum 
pedatum extracts against 4 bacterial strains Staphylococcus aureus, Klebsiella pneumonia, 
Pseudomonas aeruginosa and Escherichia coli. The phytochemical screening of extracts was 
carried out for major phytochemical derivatives in Adiantum pedatum. Two solvent 
extracts (acetone and ethyl acetate) showed inhibitory activity for Staphylococcus aureus, 
Klebsiella pneumonia, Pseudomonas aeruginosa and Escherichia coli. The acetone and ethyl 
acetate extracts were found to be effective against Staphylococcus aureus than Escherichia 
coli. The phytochemical screening of extracts answered for the major derivative of 
terpenoids, cardiac glycosides and steroids. The antioxidant activity of the extracts of 
Adiantum pedatum was determined by the 1, 1-Diphenyl-2-picrylhydrazyl (DPPH), and 
ferrous reducing antioxidant property (FRAP) methods. Two extracts (acetone and ethyl 
acetate) showed antibacterial activity against the tested strains Staphylococcus aureus, 
Klebsiella pneumonia, Pseudomonas aeruginosa and Escherichia coli. Of all, ethanol and 
hexane extracts did not showed any activity against tested strains. The results also 
indicate the presence of major phytochemical derivatives in the Adiantum pedatum 
extracts. Hence, the isolation and purification of therapeutic potential compounds from 
Adiantum pedatum could be used as an effective source against bacterial diseases in 
human and plants. The present study provides evidence that the extract of Adiantum 
pedatum is a potential source of natural antioxidants.  
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1. Introduction 
The genus Adiantum pedatum L. belongs 

to the Pteridaceae family, along with over 
200 other species. Common name include 
‘maiden hair fern’ or ‘five fingers fern’. The 
Greek meaning of Adiantum is not wetting, 
which refers to the fact that even when the 
plant is immersed in water, it comes forth 
with dry leaves. It grows from Subarcitic 
North America into Deep South of the US. 
India is also native for A.pedatum. This 
species is usually grows about a foot tall, but 
can grow up to 2.5 feet tall. It prefers rich, 
moist soils that have a constant moisture 
supply. It also grows on a variety of rocks. 

Borchardt et al. (2008) have tried A. 
pedatum leaves against Staphylococcus aureus. 

But no reports on other pathogens. The 
literature survey indicates that no reports are 
available from India regarding antibacterial 
and antioxidant properties of fern; A. 
pedatum. It is used to help relieve problems in 
inflammation of throat. It is also used for 
kidney stones, bladder gravel, and liver 
problems. It can be made into a tea to drink 
to help these problems. It is also used to get 
rid of worms from the body. The Native 
Americans used the maidenhair to make 
remedy that was used topically to stop the 
bleeding from a wound. The tea of fresh 
plant was used by the Greeks of old as 
expectorant for treating coughs. It has also 
been used to treat the painful and excessive 
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menstruation, as well as stimulating the 
onset and as a mild diuretic. It is also used by 
herbalists to treat sore throat, chronic nasal 
congestion, colds, severe coughs, bronchitis, 
whooping cough, excess mucus, upset 
stomach, urinary disorder, rheumatism, 
heartburn, alopecia (hair loss) and gallstone. 
In present study was aimed to examine the 
total phenolic content and phytochemical 
analysis of four solvent extracts of A. pedatum 
were screened for antibacterial and 
antioxidant properties using standard 
methods. The findings from this work may 
add to the overall value of the medicinal 
potential of the fern. 

2. Materials and Methods 
Plant collection 

Adiantum pedatum were collected from 
Devarayanadurga forest, Tumkur district of 
Karnataka, India. Herbarium was prepared, 
identified by their vernacular names and 
authenticated with the herbarium at 
Department of Botany, University of Mysore, 
Mysore, Karnataka, India and Government 
Ayurvedic Medical College, Mysore, 
Karnataka, India. Plant materials were 
cleaned with deionized water and dried at 
shade for a week. Blotted plant materials 
were grounded and filtered using four layers 
of gauss cloth. The plant powder was stored 
in air tight container and maintained at 4°C 
until use. 

Extract preparation 
Ten g of powdered taken in a conical 

flask and subjected to extraction by using 
various solvents viz. acetone, ethyl acetate, 
ethanol and hexane separately. All the 
conical flasks were subjected to stirring by 
using magnetic stirrer for 2h and samples 
were subjected to centrifugation at 10,000 
rpm at 4ºC for 10 min by using REMI cooling 
centrifuge. After centrifuge supernatant were 
collected in a separate conical flask and 
subjected to natural evaporation for 2 days. 
Thus the excess solvent was removed from 
the sample. 

Test microorganisms 
The 4 bacterial cultures of different 

strains, Staphylococcus aureus, Klebsiella 
pneumonia, Pseudomonas aeruginosa and E. coli 
obtained from the authenticated stock 

culture of Department of Microbiology and 
Biotechnology, Bangalore University, 
Bangalore, Karnataka, India. Stock cultures 
were maintained at 4º C on agar slants of 
nutrient media. Active cultures for 
experiment were prepared by transferring a 
loop full of microorganisms from the stock 
culture to eppendorff tubes which contained 
1 ml of distilled water.  

Screening for antibacterial activity 
The disc diffusion method was used to 

screen the antimicrobial activity. The plates 
were prepared by pouring 15 ml of nutrient 
agar media in to sterile Petri plates. The 
plates were allowed to solidify for 5 min. 
And 1 μl of suspension culture was spread 
uniformly and the inoculum was allowed to 
dry for 5 min. Each extract was loaded (1.25 
mg/ disc) on 6 mm sterile disc. The loaded 
disc was placed on the surface of media and 
allowed to diffuse for 5 min and the plates 
were kept for incubation at 37º C for 24 h. At 
the end of the incubation inhibition zone 
formed around the disc were measured with 
scale in millimeter (Perumalsamy and 
Ignacimuthu, 2000).  

Chemicals 
All chemicals were of highest purity (≥ 

99.0%),peptone, beef extract, NaCl, agar, HCl, 
FeCl2, ethanol, hexane, acetone, ethyl acetate, 
dextrose, ammonia, H2SO4, ferric chloride, 
acetic anhydride, methanol, chloroform and 
glacial acetic acid were purchased from Vasa 
Scientifics, Bangalore, Karnataka, India.  2, 2-
diphenyl-1-picrylhydrazyl (DPPH) and 2,4,6-
tris (2-pyridyl)-S-triazine (TPTZ) was 
purchased from Aldrich Chemicals, 
Bangalore, Karnataka, India. 

Phytochemical screening of the plant 
extract  

Phytochemical tests were carried out on 
the aqueous extract and on the powdered 
specimens using standard procedure to 
identify the constituents as described by 
Sofowara (1993), Trease and Evans (1989) 
and Harborne (1973).  

Test for Flavonoids 
Five ml of the dilute ammonia solution 

was added to a portion of the aqueous 
filtrate of plant extract followed by addition 
of concentrated H2SO4. A yellow coloration 
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observed in extract indicated the presence of 
flavonoids. The yellow coloration 
disappeared on standing. 

Test for Tannins 
About 0.5g of dried powdered sample 

was boiled in 20ml of water in a test tube and 
then filtered. A few drops of 0.1% ferric 
chloride was added and observed for 
brownish green or a blue-black coloration. 

Test for Steroids 
Two ml of acetic anhydride was added to 

0.5g ethanolic extract of sample with 2ml 
H2SO4. The colour changed from violet to 
blue or green in sample indicating the 
presence of steroids. 

Test for Terpenoids 
Five ml of plant extract was mixed in 2ml 

of chloroform, and concentrated sulphuric 
acid (3ml) was carefully added to form a 
layer. A reddish brown coloration of the 
interface was formed to show positive results 
for the presence of terpenoids. 

Test for cardiac glycosides 
One ml of plant extract was treated with 

1ml of glacial acetic acid followed by 
treatment of 1 drop of 5% ethanolic ferric 
chloride solution. After this, added 1ml of 
concentrated H2SO4 poured along the sides 
of the test tubes. Appearance of a brownish 
ring between the two formed layers with 
lower acidic layer turning blue green upon 
standing indicated the presence of cardiac 
glycosides.  

Antioxidant activity 
In order to investigate the antioxidant 

properties of the examined extracts, ferric ion 
reducing antioxidant power (FRAP) and 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) assay 
were employed.  

FRAP assay 
FRAP reagent was freshly prepared by 

mixing 25 ml acetate buffer (300 mM, pH 3.6), 
2.5 ml 2,4,6-tris (2-pyridyl)-S-triazine (TPTZ) 
solution (10 mM TPTZ in 40 mM/L HCl) and 
2.5mL FeCl3 (20 mM) water solution. Each 
sample (150 µL) (0.5 mg/ml) dissolved in all 
solvents separately was added in 4.5 ml of 
freshly prepared FRAP reagent and stirred 
and after 5 min, absorbance was measured at 
593nm, using FRAP working solution as 

blank (Szollosi and Szollosi-Varga, 2002; 
Tomic et al., 2009). A calibration curve of 
ferrous sulfate (100-1000 µmol/L) was used 
and results were expressed in µmol Fe2+/mg 
dry weight extract. The relative activity of 
the samples was compared to L-ascorbic acid.  

DDPH radical assay 
The effect of plant extracts on DPPH 

radical was estimated using the method of 
Liyana-Pathirana and Shahidi (2005). DPPH 
solution was freshly prepared by dissolve 
24mg DPPH in 100ml methanol, stored at -
200C before use. 150µl of sample (10µl 
sample + 140µl distilled water) is allowed to 
react with 2850µl of DPPH reagent (190µl 
reagent + 2660µl distilled water) for 24h in 
the dark condition. Absorbance was 
measured at 515nm. Standard curve is linear 
between 25 to 800µM ascorbic acid. Results 
expressed in µm AA/g fresh mass. 
Additional dilution needed if the DPPH 
value measured will over the linear range of 
the standard curve. Mix 10ml of stock 
solution in a solution of 45ml of methanol, to 
obtain an absorbance of 1.1±0.02 units at 
517nm using spectrophotometer (Katalinic et 
al., 2006). All determinations were performed 
in triplicate. The percentage inhibition of 
DPPH radical by the samples was calculated 
according to formula of Yen and Duh (1994), 

% inhibition= [{Abscontrol- 
Abssample}/Abscontrol] x 100, 

Where Abs control is the absorbance of the 
DPPH radical+ ethyl acetate, Abs sample is the 
absorbance of DPPH radical+ sample 
extract/standard.  

Statistical Analysis 
Percentage data were transformed to 

arcsine values and the analysis of variance 
was carried out (ANOVA). Means were 
compared for significance using Duncan’s 
Multiple Range test (DMRT; P= 0.05) 

3. Results 
Antibacterial activity 

The antibacterial activity of the extracts 
of A. pedatum plant is presented in Table 1. 
The acetone and ethyl acetate extracts 
showed significant antibacterial activity. The 
antibacterial activity of the acetone extract of 
A. pedatum is much higher than of ethyl 
acetate. Acetone and ethyl acetate extracts of 
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A. pedatum also have activity against all the 
organisms tested at different range. The 

other extracts (ethanol and hexane) were not 
shown antibacterial activity. 

 
Table 1. Antibacterial activity of the crude extracts Adiantum pedatum 

Organism(s) Extracts and inhibition (cm) 
Acetone  Ethyl acetate  Ethanol  Hexane  

Staphylococcus aureus 2.4+0.03a 1.0+0.02c NA NA 
Klebsiella pneumonia 1.25+0.03b 0.7+0.02d NA NA 
Pseudomonas aeruginosa 1.5+0.02b 0.8+0.03c NA NA 
E. coli 0.9+0.02c 0.7+0.02d NA NA 
NA-No Activity,  
Repeated the experiments three times for each replicates, 
According to Duncan’s Multiple Range Test (DMRT), values followed by different subscripts are 

significantly different at P<0.05, SE-standard error of the mean 
 
Phytochemical analysis 

The powdered were evaluated for 
qualitative and quantitative determination of 
major phyto constituents i.e. tannins, 
flavonoids, terpenoids, cardiac glycosides, 
steroids and phenols. The results of 
phytochemical analysis of A. pedatum plant 

are presented in Table 2. The ethyl extract 
yielded the presence of terpenoids, cardiac 
glycosides, steroids whereas the acetone also 
has all these phytochemical including 
phenols.

 
Table 2. Results of phytochemical analysis of Adiantum pedatum 

Test  Acetone Ethyl acetate Ethanol Hexane 
Tannin - - - - 
Flavonoids - - - - 
Terpenoids + + - - 
Cardiac glycosides + + + + 
Steroids  + + + + 
Phenols  + + - - 

++= average, += minimum activity, -= No activity 
Repeated the experiments three times for each replicates, 
According to Duncan’s Multiple Range Test (DMRT), values followed by different subscripts are significantly 
different at P<0.05, SE-standard error of the mean. 
 

Total phenol contents and antioxidant 
activity 

Total Phenolic Content (TPC) was 
determined using the Folin- Ciocalteau 
reagent and expressed in terms of mg gallic 
acid equivalent (GAE)/ 100 ml extract.  
More TPC was observed in ethyl acetate 
extract (8.96) followed by acetone extract 
(8.72), ethyl alcohol extract (4.21) and 
hexane extract (4.05). The reducing ability 

of the extracts was in the range of 1113-
3238 µm Fe (II)/mg (Table 3). The 
antioxidant potentials of the extracts of A. 
pedatum were estimated from their ability 
to reduce TPTZ-Fe (III) complex to TPTZ-
Fe (II). The FRAP values for all the extracts 
were significantly lower than that of 
ascorbic acid but higher than that of BHT.

 
Table 3. FRAP assay to evaluate antioxidant property from different solvent extract of A. pedatum 

Extract  FRAP PAC 
Acetone  2174±0.006b 8.72±0.003a 
Ethyl acetate 3238±0.003a 8.96± 0.007a 
Ethyl alcohol 1113±0.003c 4.21±0.007b 
Hexane  1134±0.003c 4.05±0.007b 

PAC: Phenolic Antioxidant Contents 
Repeated the experiments three times for each replicates, 
According to Duncan’s Multiple Range Test (DMRT), values followed by different subscripts are 
significantly different at P<0.05, SE-standard error of the mean. 
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The antioxidant activity of all the extracts 
as measured by the ability to scavenge DPPH 
free radicals was compared with the 
standards/ ascorbic acid and butylated 
hydroxyl toluene (BHT). It was observed that 
ethyl acetate extract of A. pedatum had higher 
activity than that of acetone, ethyl alcohol 
and hexane extracts. At a concentration of 0.1 
mg/ml, the scavenging activity of ethyl 
acetate extract reached 90% and acetone, 
ethyl alcohol and hexane extracts reached 
85%, 75% and 46% respectively. Though the 
DPPH radical scavenging abilities of the 
extracts were less than those of ascorbic acid 
(100%) and BHT (97.8%) at 0.1 mg/ml, the 
study showed that the extracts have the 
proton donating ability and could serve as 
free radical inhibitors or scavenging, acting 
possibly as primary antioxidants (Fig 1). 

 
Figure 1. DPPH assay to determine antioxidant 
activity of different solvent extract of A. pedatum 

 
 
 
 
 
 
 
 
 
 
 
 

 
4. Discussion 

 In the present study, the Phytochemical 
screening, antibacterial and antioxidant 
activities were performed with four different 
solvents, in that acetone and ethyl acetate 
extracts showed higher activity. The study was 
made against four bacteria using the standard 
disc diffusion method. The A. pedatum were 
rich in terpenoids, cardiac glycosides, steroids 
and phenols. These phytochemicals confer 
antimicrobial activity on total plant extracts. 
The acetone extract showed highest activity 
against all species bacteria tested. Acetone 
extract exhibited more activity against Gram-
positive coccus bacteria, Staphylococcus aureus 
followed by ethyl acetate but other two extracts 
not shown any activity on bacteria tested. The 
inhibitory activity may be due to presence of 

phytochemicals in the extracts. Noticed 
phytochemicals also inhibited the free radicals 
in antioxidant activity method. The Terpenoids 
have been found to possess antioxidant and 
antimicrobial properties in various studies 
(Grassmann, 2005; Liu et al., 2009; Singh and  
Singh , 2003; Sauerwein et al.,1990; Iwu et 
al.,1990). The cardiac glycosides have been 
exhibited antioxidant and antimicrobial 
properties in various plant studies 
(Maneemegalai et al., 2010; Ajaiyeoba, 2002; 
Patil et al., 2010;  Naveen Prasad et al., 2008; 
Ayoola et al., 2008; Prosper-Cabral  et al., 2007;  
Anyasor et al., 2010). In various plant extracts, 
showed the presence of steroids and these have 
been inhibited the many bacteria and found to 
possess antioxidant potentials (Savage et al., 
2002; Subisha and Subramoniam, 2005; Taleb -
Contini et al., 2003; Mann et al.,2008; 
Geethalakshmi et al., 2010; Phadungkit et al., 
2010; Shyamala and Vasantha., 2010). Presence 
of phenols in extract may explain its potent 
bioactivities as tannins are known to possess 
potent antioxidants and antibacterial activities 
(Memnune et al,.2009; Pereira et al., 2007; 
Oliveira et al., 2008; Gursoy et al., 2009; 
Turkoglu et al., 2010; Roman et al., 2010; 
Gulumser et al., 2010). 

The present investigation has shown that 
acetone and ethyl acetate extract have active 
phytochemicals (terpenoids, cardiac 
glycosides, steroids and phenols) which are 
able to inhibit the pathogenic bacteria. The 
strong antioxidant activity was confirmed in 
both he extracts. Both antimicrobial and 
antioxidant activity may be due to strong 
occurrence of polyphenoloic compound such 
as terpenoids, cardiac glycosides, steroids 
and phenols. These findings provide 
scientific evidence to support traditional uses 
and indicate a promising potential for the 
development an antimicrobial and 
antioxidant drug from A.pedatum  plant. This 
medicinal plant by in vitro results appears as 
interesting and promising and may be 
effective as potential sources of novel 
antimicrobial antioxidant drugs. 
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