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Adiantum capillus veneris (ACV) and Pteris quadriureta (PQ), two common ferns belonging to 
Pteridophyta family, has been used in traditional Ayurvedic and Unani medicine against numerous 
human ailments since ancient times. This study was designed to analyse the presence of various 
phytochemicals in the ACV and PQ leaves and their pharmacological activities. The methanol extract of 
ACV and PQ leaves was screened for the presence of various primary and secondary metabolites such 
as proteins, lipids, phenols, flavonoids, alkaloids, saponins, and tannins. Anti-oxidant, anti-bacterial, 
and anti-fungal activities were also analysed for methanolic extracts of ACV and PQ leaves using 
various methods. Various metabolites such alkaloids, phenols, flavonoids, saponins and tannins in the 
ACV and PQ leaves were found. Phenols and flavonoids were present in high concentration when 
compared with other metabolites. The results also showed that methanolic extracts of ACV and PQ 
leaves have anti-oxidant, anti-haemolytic, anti-bacterial, and anti-fungal activities. The pharmacological 
activities such as anti-oxidant, anti-haemolytic, anti-bacterial, and anti-fungal activities of ACV and PQ 
leaves might be due to the presence of phenols and flavonoids. 
 

Key words: Adiantum capillus veneris, Pteris quadriureta, anti-bacterial, anti-fungal, anti-oxidant, 
phytochemicals. 

 
 

INTRODUCTION 
 

Inverse correlations between antioxidant status and 
human diseases such as cancer, aging, neuro-
degenerative disease and atherosclerosis have been 
reported (Halliwell, 1997; Fusco et al., 2007; Malliaraki et 
al., 2003; Rajendran et al., 2014). Many plant-derived 
non-nutritive compounds and dietary natural compounds 
present in food materials have been reported to possess 
antioxidant properties. Advantages of using 
phytochemicals include their abundance, less toxicity and 
low cost (Lee et al., 2017). Therefore, in recent years, the 
researchers are more interested to investigate the 
pharmacological behaviour of medicinal plants including 
antioxidant and antimicrobial properties.  

Adiantum capillus veneris (ACV), a common fern 
belonging to Pteridophyta family, has been used in 
traditional Ayurvedic and Unani medicine against 
numerous human ailments since ancient times (Pandey 
and Rizvi, 2009; Pandey et al., 2013; Ahmed et al., 
2012). ACV contains various secondary metabolites 
including triterpenes, flavonoids, phenylpropanoids, 
carotenoids, quercetin, rutin, shikimic acid, violaxanthin, 
and zeaxanthin (Ibraheim et al., 2011; Hussein et al., 
2016; Vadi et al., 2017). ACV has been used as anti-
fertility, anti-candidal, anti-viral, contraceptive, cough 
suppressant, blood cleanser, diaphoretic, diuretic, 
expectorant,  hepatoprotective,  menstrual  stimulant  and
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wound healer (Singh et al., 2008; Abbasi et al., 2010). 
Pteris quadriureta (PQ), another common fern from the 
same Pteridophyta family, is known for its anti-helmintic 
activity (Nayar, 1959). This plant is also used as a 
phytoremediation which removes toxic contaminants from 
soil and water. It removes heavy metals like arsenic and 
selenium (Singh and Upadhyay, 2014; Feng et al., 2015). 

The present study was designed to investigate the 
antioxidant and antimicrobial activities of the methanolic 
extract of ACV and PQ leaves. These two plants have 
been analysed for the presence of various 
phytochemicals. Also, the antioxidant and anti-haemolytic 
activities of ACV and PQ extracts have been assessed. 
In addition, ACV and PQ extracts were also tested for 
their anti-bacterial and anti-fungal activities. 
 
 
MATERIALS AND METHODS 
 

Collection, identification and processing of plants 
 

ACV and PQ plants were collected from Kodaikanal hills, Tamil 
Nadu on the 15 July, 2016 and identified by Regional Plant 
Resource Centre, Odisha Biodiversity Board (No. 2175). The leaves 
were washed thoroughly under running tap water and dried in hot 
air oven at 50 to 60°C for 3 to 4 h. The dried leaves were then 
powdered using the blender and stored at 4°C in air tight bottles. 
 
 

Preparation of plant extract 
 

Plant extraction was carried out using various solvents such as 
petroleum ether, chloroform, acetone, methanol and water with 20 g 
of powdered sample and 250 ml of respective solvent using a 
Soxhlet apparatus for 48 h. The extract was then filtered using 
Whatman No.1 filter paper and the filtrate was kept in a hot-air oven 
at 37°C to allow the solvents to evaporate and stored at 4°C. 
 
 

Phytochemical analysis 
 

Methanolic extracts of ACV and PQ leaves were screened for the 
presence of various bioactive compounds such as phenols, tannins, 
flavonoids, steroids, alkaloids, terpenoids, triterpenoids, 
phytosterols, glycosides, cardiac glycosides, anthraquinone 
glycosides, phlobatannins, quinine, coumarins, and saponins. 
 
 

Quantification of chlorophyll 
 

About 100 mg powdered sample was soaked in 10 ml of dimethyl 
sulfoxide (DMSO): acetone mixture (1:1) for overnight in the dark 
and absorbance was read at 663 and 645 nm. Total chlorophyll 
content was calculated using the following equations (Harborne, 
1973): 
 

Chlorophyll a (Ca) = (12.25 × OD at 663) - (2.79× OD at 645) × 10 / 
(1000×wt.) 
Chlorophyll b (Cb) = (21.50 × OD at 645) - (5.10× OD at 663) × 10 / 
(1000×wt.) 
Total Chlorophyll (C) = (7.15 × OD at 663) + (18.71× OD at 645) × 
10 / (1000×wt.) 
 
 

Estimation of protein 
 

Protein   estimation   of   the   samples    was  done  by  using  the 

 
 
 
 
extraction of dried, fresh, or frozen plant material in 0.1 sodium 
hydroxide (NaOH) for 30 min. 100 μl aliquots of centrifuged 
supernatant were analysed with 5 ml Bio-Rad Bradford dye 
reagent (Coomassie brilliant blue G-250) diluted 1:4 and 
containing 3 mg/ml soluble polyvinyl pyrollidone. Absorbance was 
recorded at 595 nm after 15 min against a NaOH blank and the 
samples were calibrated against a BSA standard in NaOH (Jones 
et al., 1989). 
 
 

Quantification of lipids 
 

About 10 g of dried powdered sample was taken for the lipid 
extraction using 150 ml of petroleum ether for 16 h at a solvent 
condensation rate of 2 to 3 drops/s according to American 
Association for Clinical Chemistry (AACC) method 30 to 25 with 
minor modifications of sample size and extraction time. The extract 
achieved was concentrated and evaporated at room temperature. 
Then, the weight of extract was taken which is the total lipid content 
and expressed as mg/g dry matter (Harborne, 1973). 
 
 

Quantification of saponins 
 

To 50 mg of methanol extract, 100 ml of 20% ethanol was added 
and placed on a boiling water bath at 55°C with continuous stirring 
for 4 h. Then, the solution was diluted with 20 ml of diethyl ether 
and 5 ml of 5% sodium chloride and sent for centrifuge at 10000 
rpm for 10 min. The obtained pellet was dried and saponins were 
estimated as percentage of the dried fraction (Harborne, 1973). 
 
 

Quantification of alkaloids 
 

Alkaloids were estimated by the method of Harborne with slight 
modifications (Harborne, 1973). Dried fraction (50 mg) of each 
fraction was mixed with 200 ml of 10% acetic acid in ethanol and 
the beaker was kept for incubation for 4 h. The mixture was 
concentrated up to one third of its total volume and then the 
ammonium hydroxide was added dropwise to precipitates the 
mixture. The precipitate was then washed with ammonium 
hydroxide and filtered. Alkaloids in the filtrate were calculated as 
percentage of the dried fraction. 
 
 

Estimation of total phenol content 
 

The total phenolic content was determined according to McDonald 
et al. (2001). To 1 ml of plant extract or standard, 5 ml of Folin 
Ciocalteau reagent and 4 ml of 7.5% sodium carbonate were 
added. The mixture was kept for 15 min under room temperature 
and eventually there was a formation of blue colour, read at 765 nm 
using UV/visible spectrophotometer. The total phenolic content was 
calculated against the calibration curve of gallic acid and the results 
were expressed as gallic acid equivalent (mg/g). 
 
 

Estimation of total flavonoid content 
 

The total flavonoid content was determined according to Chang et 
al. (2002). To 0.5 ml of plant extract or standard, 4.5 ml of 
methanol, 0.1 ml of 10% aluminium chloride and 0.1 ml of 1 M 
sodium acetate were added. Hence, the reaction mixture was kept 
at room temperature for 30 min and the absorbance was read at 
415 nm using UV/visible spectrophotometer. The flavonoid content 
was calculated by calibration curve of quercetin. 
 
 

Estimation of total tannin content 
 

Total  tannin  content  was  determined  by the method of Schanderl 
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(1970). To 1 ml of the plant extract or standard, 0.5 ml Folin-
Ciocalteu phenol (FCP) reagent and 5 ml of 35% sodium carbonate 
was added and then the mixture was sent for incubation for 5 min at 
room temperature. Hence, there was a formation of the blue colour 
that occurred which was read at 640 nm using UV visible 
spectrophotometer. The tannin content was calculated by 
calibration curve of tannic acid and the results were expressed as 
gallic acid equivalent (mg/g). 
 
 
Measurement of 1, 1- diphenyl-2-picrylhyorazyl (DPPH) radical 
scavenging activity 
 
This assay of the methanolic extracts was performed by the 
scavenging activity of stable DPPH free radical by the method of 
Brand-Williams et al. (1995) with slight modifications. 1 ml of plant 
extracts of different concentrations including 50, 100, 150, 200 and 
250 µg/ml were mixed with 0.1 mM DPPH solution in methanol. L-
Ascorbic acid (1-100 µg/ml) was taken as standard with different 
concentrations and a blank was also used. Mixture of 1 ml 
methanol and 1 ml DPPH solution was used as control. The 
reaction mixture incubated for 30 min in dark and then the decrease 
in absorbance was measured at 517 nm using UV-Vis 
spectrophotometer. The reaction was carried out in triplicate 
manner. The inhibition % was calculated using the following 
formula: 
 
Inhibition (%) = Ac - As / Ac × 100 
 
where Ac is the absorbance of the control and As is the absorbance 
of the sample. 
 
 
Measurement of total antioxidant assay (Phosphomolybdate 
assay) 
 
This assay was carried out on the basis of the transformation of 
Mo

6+
 to Mo

5+
 to form phosphomolybdenum complex (Prior et al., 

2005). In this assay, 300 μl of extract was incubated with a mixture 
of 0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM 
ammonium molybdate and the complete mixture incubated for 90 
min. Hence, the absorbance was read at 695 nm and the results 
were expressed as AAE/100 mg dry weight of extract. 
 
 
Measurement of ABTS

·+
 radical scavenging activity 

 
The ability of antioxidant molecules to quench ABTS radical cation 
(ABTSN

+
) was determined according to the method of Okamoto et 

al. (1992). A stable stock solution was prepared by adding 7 mM 
aqueous solution of ABTS with 2.45 mM potassium persulfate (final 
concentration) and then incubated the mixture to stand in the dark 
at room temperature for 16 h. 1 ml of ABTSN

+
 stock solution was 

added to the 3 ml of sample solutions at various concentrations (2, 
4, 6, 8, and 10 mg/ml). The contents were mixed properly and 
incubated at 3°C exactly for 30 min. Then, the absorbance was 
determined at 534 nm and the ABTSN

+
 radical scavenging activity 

was calculated as follows: 
 
ABTSº

+ 
scavenging effect (%) = Control abs534 – Sample abs534 / 

Control abs534 × 100% 
 
 
Determination of anti-haemolytic activity 
 
Anti-haemolytic activity was assessed by the spectrophotometric 
method of Yang et al. (2005) with slight modifications. From a 
normal healthy individual, 5 ml of blood was taken  and  centrifuged  
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at 1500 rpm for 3 min (Institutional Human Ethics Committee No. 
2189). Pellet of blood was washed three times with sterile 
phosphate buffer saline solution at pH 7.2. The pellet was re-
suspended in normal 0.5% saline solution and 0.5 ml of the extract 
and various fractions (10, 50, 100, 200, 250 μg/ml in saline) were 
added in 0.5 ml of cell suspension. After incubation at 37°C for 30 
min, the mixture was centrifuged at 1500 rpm for 10 min and 
absorbance was measured for the supernatant at 540 nm. For 
positive and negative controls, distilled water and phosphate buffer 
saline were used, respectively.  
 
 
Estimation of superoxide radical scavenging assay 
 
Superoxide radicals were generated by a modified method of 
Beauchamp and Fridovich (1971). The assay was based on the 
capacity of the sample to inhibit formazan formation by scavenging 
the superoxide radicals generated in riboflavin-light-nitroblue 
tetrazolium (NBT) system. 
 
Each 3 ml reaction mixture contained 50 mM sodium phosphate 
buffer (pH 7.6), 20 mg riboflavin, 12 mM EDTA, 0.1 mg NBT and 
various concentrations (50 to 250 μg) of sample extracts. Then the 
reaction mixture was incubated for 90 s. Immediately after 
incubation, the absorbance was measured at 590 nm. The mixture 
was covered with aluminium foil. The reaction mixture without 
extracts kept in dark served as blank. The percentage inhibition of 
superoxide anion generation was calculated as:  
 
% Superoxide radical scavenging activity = (Control OD - Sample 
OD / Control OD) × 100 
 
The analysis was performed in triplicate. The sample concentration 
providing 50% inhibition (IC50) under the assay condition was 
calculated from the graph of inhibition percentage against sample 
concentration. 
 
 
Measurement of reducing power 
 
The reducing power of the extracts was determined according to 
the method of Oyaizu (1986). The reaction mixture was made by 
adding 1 ml of extract with 2.5 ml of phosphate buffer and 2.5 ml of 
1% potassium ferricyanide. The reaction mixture was incubated for 
20 min at 50°C and 2.5 ml of 10% TCA was added and centrifuged. 
Hence, the supernatant was mixed with 2.5 ml of distilled water and 
0.5 ml of FeCl3, and the absorbance was read at 700 nm. The 
assay was carried out in triplicate, and the results are expressed as 
mean ± standard error (SE). Increase in absorbance of sample with 
concentrations indicates high reducing potential of the samples. 
 
Control abs534 – Sample abs534 / Control abs534 × 100% 
 
 
Assay of antimicrobial activities 
 
Bacteria such as Escherichia coli, Pseudomonas aeruginosa, 
Salmonella enteric, Staphylococcus aureus, and Bacillus subtilis 
and fungi such as Trichophyton rubrum, Scedosporium 
apiospermum, Aspergillus fumigates, Aspergillus niger, and 
Aspergillus flavus were collected and clinically isolated. Each 
bacterial strain was suspended in a nutrient broth and incubated for 
18 h at 37°C. Nutrient agar (NA) and potato dextrose agar (PDA) 
were used for the study of anti-bacterial activity and anti-fungal 
activity, respectively. The nutrient broth cultured bacteria were 
spread over NA plate, whereas a 24 h cultured fungi was spread on 
PDA by using cotton swab. A 5 mm disc was dipped in each extract 
as well positive control  solution  such as ampicillin and itraconazole  
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Table 1. Percentage of yield extract of ACV and PQ leaves. 
 

Solvent used 
Yield (% w/w) 

ACV PQ 

Petroleum ether 3.3 4.8 

Chloroform 7.4 6.9 

Acetone 8.5 8.2 

Methanol 10.5 11.7 

Water 6.1 6.6 

 
 
 
(10 μg) for bacteria and fungi, respectively and placed on the 
swabbed agar plate. Each disc absorbs 15 μl of sample which is 
made up of 50 and 100 mg/ml concentration. The plates were then 
incubated at 37°C for 24 h for bacterial and 72 h for fungal 
pathogens. The antimicrobial activity was evaluated by measuring 
the diameter of inhibition zone. 

 
 
Statistical analysis 

 
The data of various analyses were expressed as mean ± standard 
deviation. All tests were carried out in triplicate to improve the 
accuracy. The data were analysed using one-way analysis of 
variance (ANOVA) followed by Dunnet’s test. P<0.05 were 
considered significant. 

 
 
RESULTS 
 
The percentage extraction yield of different extracts is 
shown in Table 1. The yield percentage of methanol 
extract of ACV and PQ was 10.5 and 11.7, respectively to 
that of dry powder. The yield percentage of methanol was 
higher than that of other solvents, and in the following 
order methanol>acetone>chloroform>water>petroleum 
ether. Since the yield percentage of methanol was higher 
than that of other solvents used, methanolic extracts of 
ACV and PQ leaves were used for further experiments. A 
large number of biologically active compounds were 
found in aqueous, methanol, acetone, diethyl ether and 
chloroform extracts of ACV and PQ. Several primary 
metabolites such as carbohydrates, proteins, and 
alkaloids, and secondary metabolites including coumarins, 
terpenoids, diterpenoids, flavonoids, phenols, tannins, 
saponins and steroids were found in the extracts of ACV 
and PQ (Table 2). 

Next, various primary metabolites including proteins, 
chlorophyll, and lipids and secondary metabolites such as 
phenols, flavonoids, alkaloids, saponins, terpenoids, and 
tannins present in the methanolic extracts of ACV and 
PQ plants were quantified. Compared to PQ, ACV was 
found to have more amounts of primary and secondary 
metabolites. Methanolic extracts of ACV and PQ showed 
a higher concentration of phenols and flavonoids relative 
to other metabolites (Table 3). 

The free radical scavenging activity of the methanol 
extracts of ACV and PQ  leaves  was  determined  by  the 

DPPH method to evaluate the antioxidant activity of plant 
extracts. The extracts of each plant examined in the 
present study exhibited free radical scavenging activities 
and the highest activity was shown by ACV followed by 
PQ. At concentrations 10 to 200 μg/ml, the scavenging 
activities of ACV were 14.52 to 84.64%, while the 
scavenging activities of PQ were 8.71 to 71.78%. 
Percentage DPPH radical scavenging activities of both 
the extracts were dose dependent (Figure 1A). Further, 
ABTS radical cation scavenging activity of methanol 
extracts of ACV and PQ was analysed. The ABTS± 
scavenging activity of ACV was significantly higher than 
the PQ. At concentrations 10 to 200 μg/ml, the 
scavenging activities of ACV were 10.49 to 90.55%, while 
the scavenging activities of PQ were 2.36 to 68.74% 
(Figure 1B). 

Antioxidant potential of the methanol extract of ACV 
and PQ was further estimated using potassium ferric 
cyanide reduction method. The presence of reductants 
(antioxidants) in the plant extract causes the reduction of 
Fe

3+
/Ferric cyanide complex to Fe

2+
 form. Therefore, the 

Fe
2+

 complex can be monitored by measuring the 
formation of Perl’s 

Prussian blue at 700 nm. It was observed that the 
reducing power of ACV and PQ was increased from 
19.08 to 81.41% and 9.13 to 75.31%, respectively at 
concentrations 10 to 200 μg/ml. This may be due to the 
presence of secondary metabolites in the extract (Figure 
1C). Further, ACV (42.24% at 50 μg/ml concentration) 
also showed potent superoxide activity as compared to 
PQ (32.68% at 50 μg/ml concentration) (Figure 1D). The 
phosphomolybdate assay was used to determine the total 
antioxidant capacity of samples. In this assay, Mo

6+
 is 

reduced to Mo
5+

 by antioxidant potential of the extract. 
The antioxidant capacity of methanolic extract of ACV 
was more than that of PQ. The percentage of activities of 
ACV and PQ were 53.16±.3 and 40.55±1.2, respectively 
(Table 4). 

Then, the anti-haemolytic activity of methanolic extracts 
of ACV and PQ leaves using a biological test based on 
free radical-induced erythrocytes lysis in human blood 
was analysed. Lipid oxidation of human blood erythrocyte 
membrane mediated by H2O2 induces membrane 
damage and subsequently haemolysis. The results 
showed  that  ACV  exhibited a maximum anti-haemolytic  
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Table 2. Preliminary phytochemical screening of ACV and PQ leaves. 
 

Plant constituent 

Extracts 

Aqueous  Methanol  Acetone  Petroleum Ether  Chloroform 

ACV PQ  ACV PQ  ACV PQ  ACV PQ  ACV PQ 

Alkaloids + +  + +  + +  + +  + + 

Anthraquinone glycosides + -  - -  - -  - -  - - 

Carbohydrate + +  + +  + +  + +  + + 

Cardiac glycosides + +  + +  + +  - -  - - 

Coumarins + +  + +  + +  + +  + + 

Diterpinoids + +  + +  + +  + -  + - 

Flavonoids + +  + +  + +  + +  + + 

Phenols + +  + +  + +  + +  + + 

Phlobatannins - -  - -  - -  - -  - - 

Phytosterols + +  + +  - +  - -  + + 

Protein + +  + +  + +  + +  + + 

Quinones + -  - -  - -  - -  - - 

Reducing sugar - -  - -  - -  - -  - - 

Saponins + +  + +  + -  + -  + + 

Steroids + +  + +  + -  + +  + + 

Tannins + +  + +  + +  + +  + + 

Terpenoids + +  + +  + +  + -  + - 
 

The presence of phytochemical is indicated by ‘+’ and absence is indicated by ‘-‘sign. 

 
 
 

Table 3. Quantitative phytochemical screening of methanol extracts of ACV and PQ leaves. 
 

Metabolites 
Weight (mg/g dw) 

ACV PQ 

Primary metabolites 

Chlorophyll 1.96±004 1.20±006 

Protein 1.23±02 1.19±01 

Lipids 14.71±12 12.62±15 
    

Secondary metabolites 

Tannin 96.17 67.23 

Terpenoids 9.09 17.92 

Alkaloid 1.02 2.21 

Phenols 21.17 10.83 

Flavonoids 35.33 17.69 

Saponins 11.05 6.17 
 

Values are expressed as the mean ± SD (n = 3) 

 
 
 

activity followed by PQ. The percentage of activities of 
ACV and PQ were 79.07±1.05 and 70.78±7, respectively 
(Table 4). Moreover, the RBC haemolysis is a more 
sensitive system for evaluating the antioxidant properties 
of the phytochemicals. The anti-haemolytic activity of 
ACV and PQ may be due to the presence of phenols and 
flavonoids in the extracts. 

Tables 5 and 6 show the anti-bacterial and anti-fungal 
activities of methanol extracts of ACV and PQ leaves. 
Two concentrations (50 and 100 mg/ml) of extracts were 
tested against five different bacteria including B. subtilis, 
E. coli, P. aeruginosa, S. enteric, and S. aureus  and  five 

different fungi including A. niger, A. fumigates, A. flavus, 
T. rubrum, and S. apiospermum. Zone of inhibition for the 
following was measured in mm. It has been observed that 
there was a significant increase in the zone of inhibition, 
on increasing the concentration of extracts (Figures 2 and 
3). 
 
 
DISCUSSION 
 
Medicinal plants are very much in demand because of 
their  biological   properties    and   bioactive   compounds
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Figure 1. Anti-oxidant activity of methanol extracts of ACV and PQ leaves by DPPH, ABTS, Reducing power and 
SOS. A. DPPH free radical scavenging activity of methanol extract of ACV and PQ. Values are means of triplicate 
determinations (n = 3) ± standard deviation. B. ABTS radical scavenging activity of methanol extract of ACV and 
PQ. Values are means of triplicate determinations (n = 3) ± standard deviation. C. Reducing power of methanol 
extracts of ACV and PQ. Values are means of triplicate determinations (n=3) ± standard deviation. D. SOS radical 
scavenging activity of methanol extract of ACV and PQ. Values are means of triplicate determinations (n = 3) ± 
standard deviation. Ascorbic acid was used as standard. 

 
 
 
which are well known to act against various diseases 
(Misra, 2013; Atanasov et al., 2015; Pandey and Rizvi, 
2009). In the present study, it has been shown that 
methanolic extracts of ACV and PQ leaves possess anti-
oxidant, anti-bacterial, anti-fungal, and anti-haemolytic 
activities. 

Phytochemical analysis gives the basic information 
about the bioactive components present in the plant 
extract (Hosseinzadeh et al., 2015). In the present study, 
the qualitative and quantitative analysis of methanol 
extracts of ACV and PQ leaves showed the presence of 
various   secondary    metabolites    such    as   alkaloids, 

anthraquinones, cardiac glycosides, phenols, flavonoids, 
saponins, tannins and terpenoids. Several researchers 
reported that secondary metabolites including alkaloids, 
phenols and flavonoids, contribute to the biological 
activities of the plant (Dipankar et al., 2011; Oliveira et 
al., 2014). Quantitative analysis revealed that the extracts 
contained a high concentration of flavonoids, phenols and 
tannins. It is well known that phenols and flavonoids 
possess various biological activities such as anti-viral, 
anti-inflammatory, anti-cancer, anti-haemolytic and anti-
oxidative potential (Beg et al., 2011; Bertrand Sagnia et 
al., 2014; Ameni  et  al., 2015).  The anti-oxidant and anti- 
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Table 4. Anti-oxidant and anti-hemolytic activities of methanol extracts of ACV and 
PQ leaves. 
 

Plant 
Phosphomolybdenum assay Anti-hemolytic activity 

% of activity 

ACV 53.16±.3 79.07±1.05 

PQ 40.55 ±1.2 70.78±.7 
 

Values are means of triplicate determinations (n=3) ± standard deviation. 

 
 
 
Table 5. Anti-bacterial activity of methanol extracts of ACV and PQ leaves. 
 

Bacteria 
Antibiotic (Zone of 
Inhibition in mm) 

ACV (Zone of Inhibition in mm) PQ (Zone of Inhibition in mm) 

50 mg/ml 100 mg/ml 50 mg/ml 100 mg/ml 

Bacillus subtilis 29±1.14 26±1.33 35±2.05* 26±1.31 37±2.49* 

Escherichia coli 24±1.20 26±1.28 36±1.64* 22±0.44 32±1.15* 

Pseudomonas aeruginosa 22±0.95 22±0.59 28±1.09* 22±0.87 25±0.61* 

Salmonella enteric 27±2.01 25±1.38 31±2.17* 25±1.02 41±1.92* 

Staphylococcus aureus 30±0.84 32±2.05 41±2.86* 26±0.47 34±1.43* 
 

Values are means of triplicate determinations (n=3) ± standard deviation. *(p<0.05) Significantly different from antibiotic.  

 
 
 
Table 6. Anti-fungal activity of methanol extracts of ACV and PQ leaves 
 

Fungi 
Antibiotic (Zone of 
Inhibition in mm) 

ACV (Zone of Inhibition in mm) PQ (Zone of Inhibition in mm) 

50 mg/ml 100 mg/ml 50 mg/ml 100 mg/ml 

Aspergillus niger 24±0.55 21±0.83 27±1.44 22±0.62 28±1.27 

Aspergillus fumigates 42±3.27 28±2.41 31±0.91* 24±1.09 35±1.90* 

Aspergillus flavus 27±1.11 28±1.03 33±2.19* 24±0.70 29±0.97 

Trichophyton rubrum 39±2.10 29±2.35 31±1.37* 27±1.59 36±2.35 

Scedosporium apiospermum 29±0.82 27±1.07 40±2.92* 25±0.73 43±1.77* 
 

Values are means of triplicate determinations (n=3) ± standard deviation. *(p<0.05) Significantly different from antibiotic.  

 
 
 
microbial activity observed in the present study may be 
due to the presence of phenols and flavonoids in ACV and 
PQ extracts. 

As the scavenging of DPPH radical depends on electron 
transfer/donating ability, the radical scavenging activity of 
extracts could be related to the presence of phenols, thus 
contributing to their electron transfer/ hydrogen donating 
ability (Bab and Malik, 2015; Diemdo et al., 2014; Saha 
and Verma, 2016). Both ACV and PQ showed a less 
percentage of inhibition for DPPH radical scavenging 
activity as compared to well-known antioxidant ascorbic 
acid. However, methanol extracts of ACV leaves exhibited 
a higher antioxidant capacity than PQ. Similarly, Hamid et 
al. (2017) reported that Adiantum venustum extracts 
exerted DPPH radical scavenging activity. ACV and PQ 
methanolic extract also showed effective scavenging 
activity of superoxide and ABTS radical. It has been 
reported that phenols and flavonoids have anti-radical and 

anti-oxidant activities (Agarwal, 2011; Saxena et al., 
2012). It also has been studied by Sowndhararajan et al. 
(2013) that tannins are more capable to reduce free 
radicals (ABTS_+) due to their molecular weight, the 
number of aromatic rings and nature of hydroxyl group’s 
substitution than the specific functional groups. 

The presence of phenolic compounds in the extracts 
causes the reduction of Fe

3+
/Ferric cyanide complex to 

ferrous form. Similar observation between the 
polyphenolic constituents in terms of dose dependent and 
reducing power activity have been reported for several 
plant extracts including ferns (Lai et al., 2009). Superoxide 
radical can lead to the formation of hazardous hydroxyl 
radicals as well as singlet oxygen which results in 
oxidative stress and DNA damage (Lobo et al., 2010; 
Khanna et al., 2014; Rahal et al., 2014). In the present 
study, ACV and PQ showed significant superoxide 
scavenging   activity   and  the  scavenging  potential  may 

http://www.sciencedirect.com/science/article/pii/S1658365514001046#!
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Figure 2. Anti-bacterial activity of methanol extracts of ACV and PQ leaves. a. Control, b. 
Positive control, c.  50 mg/ml, d. 100 mg/ml. 

 
 
 

 
 

Figure 3. Anti-fungal activity of methanol extracts of ACV and PQ leaves. a. Control, b. 
Positive control, c. 50 mg/ml, d. 100 mg/ml. 

 
 
 
be due to the presence of bioactive phytoconstituents 
such as phenols and flavonoids. Similarly, Kaur et al. 
(2017) reported that fern extract showed significant 
superoxide radical scavenging activity. Recent studies 
proved that phenolic compounds reduce the Mo

6+
 into 

Mo
5+

 leading to the formation of a green 
phosphomolybdate complex. The phosphomolybdate has 
the hydrogen and electron donating ability that helps to 
detect the antioxidants such as ascorbic acid, α-
tocopherol, and some phenolic, cysteine, and aromatic 
amines (Malliaraki et al., 2003; Prior et al., 2005). The 
methanolic extracts of ACV and PQ showed significant 
total antioxidant capacity which may be due to the 
presence of phenols. 

Lipid peroxidation can injure every molecule of the 
biological system and can break the DNA strands which 
lead to mutation and cancer (Barrera, 2012; Zhong and 
Yin, 2015). Due to the heavy accumulation of poly-
unsaturated fatty acids and haemoglobin, the erythrocytes 
can be damaged severely such that it can lead to 
oxidative damage resulting in  haemolysis  (Asgary  et  al., 

2005; Pandey and  Rizvi, 2010). The compounds present 
in ACV and PQ extracts are capable of anti-haemolytic 
and anti-lipid peroxidation activities, which is evident from 
inhibition of erythrocyte lysis with increasing concentration 
of extracts. In line with the present findings, Kaur et al. 
(2017) reported that fern extract showed significant anti-
haemolytic activity. The methanol extracts of ACV and PQ 
were more effective in inhibiting microbial growth and this 
may be due to the presence of sterols and secondary 
metabolites. Similarly, Ishaq et al. (2014) reported that 
fern extract shows significant antimicrobial activity against 
various strains of bacteria and fungi. 

The present investigation suggests that bioactive 
compounds from ACV and PQ leaves possess potential 
anti-oxidant and anti-microbial activities. However, 
isolation and preparation of phytochemicals from ACV and 
PQ and assessment of their impact on various health 
improvements/control of free radical mediated diseases 
through in vitro and in vivo studies are needed. Such 
identified potential and natural constituents could be 
exploited as cost  effective  food/feed  additives for human 
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