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Six different organic solvents such as ethanol, methanol, petroleum ether, hexane, benzene and 
chloroform were used to extract the bioactive compounds from the rhizome of Drynaria quercifolia to 
screen the antibacterial activity against infectious disease causing bacterial pathogens such as 
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Salmonella typhi, 
Salmonella paratyphi A, Salmonella paratyphi B, Salmonella marscence, Staphylococcus aureus and 
Bacillus subtilis by agar diffusion method. The ethanolic extract of D. quercifolia was more active 
against 80% of the organisms tested. It was followed by methanolic extract (70%), benzene (50%) and 
chloroform extract (40%) in inhibiting the growth of the organisms tested. Petroleum ether and hexane 
extract of D. quercifolia did not show any antibacterial activity against any of the pathogenic bacteria 
tested. Among the bacteria tested, gram-negative bacteria were more susceptible to the crude extracts 
compared to gram-positive bacteria. Among gram-positive bacteria, S. aureus was susceptible to 
ethanolic, methanolic and chloroform extracts whereas B. subtilis was susceptible to methanolic 
extract of D.  quercifolia alone. In the present study ethanolic and methanolic extracts of rhizome of D. 
quercifolia showed high efficiency of antibacterial activity and gram-negative bacteria were more 
susceptible to all the extracts tested. 
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INTRODUCTION 
 
Many drug resistant bacterial strains were developed due 
to the increased use of a number of antibacterial drugs. It 
also created the problem in controlling the growth of 
infectious disease causing pathogenic bacteria. Moreover 
synthetic drugs produce side effect to the users (Tomin 
and Tomasz, 1986). To circumvent this problem, scie-
tists are more interested to develop new antibiotics from 
unicellular organisms, fungi, algae, and higher plants. 
Among them, higher plants play an important role, by 
producing large number of organic compounds as secon-
dary metabolites, which can be used as self-defense. 
They act as bioactive compounds, chemothera-peutic, 
bactericidal, and bacteriostatic agents (Evans et al., 
1986; Purohit and Bohra 1998). As a result, anti-microbial 
substances derived from plants have received conside-
rable attention in recent years. Even though numbers of 
plant-derived antibiotics were identified, the scientific eva- 
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luations of plant-34.derived antibiotics still remain an area 
of intensive investigation (Cutter, 2000). 

Several plants are used in folk medicine and other 
traditional medicine as aseptic agents throughout the 
world. Among them ferns are also used in different tradi-
tional medicinal systems of India. Ferns play an important 
role in folklore medicine. A systematic survey of medi-
cinal use of fern has been scarcely undertaken. Chopra 
and his colleagues (1933) and Kirtikar and his colleagues 
(1975) worked on 44 and 27 species of ferns respectively 
and reported on the medicinal uses of these Pteridophytic 
plants. Medicinal uses of fern species were also des-
cribed by Nadkarni (1954) and Nayar (1959). They also 
reported that 29 species of ferns were used in prepa-
ation of medicine. May (1978) published a detailed review 
of various ferns and their medicinal values. The antibac-
terial activity of some ferns has been studied (Kumar and 
Kausik, 1999; Parihar and Bohra, 2000a and b; 2003). 
Based on the information, the fern D. quercifolia was 
selected to evaluate its antibacterial activity.  



 

 
 
 
 
MATERIALS AND METHODS 
 
Description of the plant 
 
The plant used in the present study belongs to Pteridophyta, and 
family Polypodiaceae. The plant is an epiphytic fern with a short 
thick, fleshy, creeping rhizome and densely clothed with reddish 
brown soft scales. The fronds are two types. The sterile fronds are 
small, somewhat concave and become brown on aging. The fertile 
fronds are long stalked, large pinnately lobed, leathery having 
network of small quadrangular areoles with or without free vein sori. 
They are small, numerous and two in each primary areoles. The 
plant part used in folk medicine was rhizome. Rhizome is used for 
bitter, anodyne, constipating, anti-inflammatory, and is used as 
tonic, which is useful in typhoid fever, phthiriasis, dyspepsia, cough, 
arthralgia, cephalalgia, diarrhea, foul ulcers and inflammation. It is 
very specifically used in the reatment of migraine. 
 
 
Plant collection and processing 
 
The material used in the present study is the rhizome of Drynaria 
quercifolia (J.) Sm. The rhizome was collected from the Kolli malai, 
Namakkal district, Tamil Nadu, India. The plant is identified as D. 
quercifolia (J.) Sm using the Herbarium specimen at Rapinat 
Herbarium (RPT), St. Joseph College, Trichirapalli. The rhizome is 
covered with small brown coloured hair like structures. They were 
removed using sterile scalpel and washed with sterile distilled 
water. They were cut in to small pieces and dried in shade and 
made into fine powder, using blender. The powder was used for 
extraction of bioactive compounds. 
 
 
Solvents used 
 
Organic solvents such as ethyl alcohol, methanol, petroleum ether, 
hexane, benzene, and chloroform were used for the extraction of 
the bioactive compounds. 
 
 
Microorganisms used in the present study 
 
Bacteria causing infectious diseases both in animals and humans 
were used in the present study. They were both gram negative and 
gram negative. Eight gram negative bacteria were Escherichia coli, 
Klebsiella pneumonia, Salmonella typhi, Salmonella paratyphi A, 
Salmonella paratyphi B, Proteus mirabilis, Pseudomonas aerugi-
nosa, Serratia marcesence and two gram positive bacteria Bacillus 
subtilis and Staphylococcus aureus were used in the present study. 
They were collected from school of Biological Sciences, Madurai 
Kamaraj University, Madurai, Tamil Nadu India.  
 
 
Extraction procedure 
 
25 g of powder of rhizome of Drynaria quercifolia was weighed and 
macerated in respective solvent, individually in the ratio of 1:6. They 
were kept at the room temperature for 72 h. Each mixture was 
stirred every 24 h using a sterile glass rod. Then it was filtered 
through the Whatmann No: 1 filter paper. Extracting procedure was 
done further twice for complete extraction of the bioactive com-
pounds. The obtained filtrate was combined together and conce-
ntrated in vacuum using rotary evaporator. The dried residue of 
respective solvent extract was used for evaluating the antibacterial 
activity. They were kept in refrigerator until they use.  
 
Preparation of antibiotic discs 
 
Sterile empty antibiotic discs (6 mm diameter) were purchased from 
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Hi-Media Company, Chennai. 20 mg of dried crude extract was 
dissolved in 1 ml of 20% DMSO (Dimethyl Sulphoxide). From this 
stock solution, 10µl of respective solvent of extract of D. quercifolia 
was added to the disc (0.2 mg/disc) individually and aseptically. 
Each disc contained 0.2 mg of extract. Then the disc allowed drying 
at room temperature. After drying they were used for screening the 
antibacterial activity.  
 
 
Culture medium 
 
Muller-Hinton agar medium was used to study the antibacterial 
activity of the crude extract of rhizome of D. quercifolia. 
 
 
Inoculums preparation 
 
Pure cultures of bacterial pathogens were removed nutrient agar 
slant and transferred to tryptone broth and incubated at 37°C for 24 
h. The turbidity was adjusted to that of standard level by adding 
sterile tryptone broth.   
 
 
Assay of antibacterial activity 
 
Antibacterial assay was carried out by agar diffusion method (Bauer 
et al., 1966). 0.1 ml (containing 105 CFU/ml) of 24 h old culture of 
bacterial pathogen was placed Muller-Hinton agar medium and 
spread throughout the plate by spread plate technique. The sterile 
disc containing respective solvent extract was placed on the 
surface of the medium at equidistance. The plates were kept at 
room temperature for 30 min, which helps to diffuse the extract on 
the medium. Later plates were incubated at 37°C for 24 h to 
determine the antibacterial activity of the respective solvent 
extraction of D.  quercifolia. Chloramphenical antibiotic discs (30 
mcg/disc) were used as positive control and disc with respective 
solvent (10 µl) was used as negative control. Each extract was 
tested in triplicate for calculation of mean value and standard 
deviation.         
 
 
RESULTS AND DISSCUSSION 
 

The antibacterial activities of different solvent extracts of 
the rhizome of D. quercifolia are presented in Table 1. 
Frequent uses of antibiotics make the organisms to 
become resistant to such antibiotics (Sydney et al., 
1980). Because of this reason new antibiotics are dis-
covered to control the infectious disease causing patho-
gens. In this regard higher plants play an important role 
by providing antibiotic compounds. Higher plants are rich 
in active principles, which are used as therapeutic drugs 
(Evans et al., 1986). In India variety of medicinal plants 
are used to control a number of diseases in folk medi-
cine. But only few of them were studied for their antimi-
crobial activities (Gehlot and Bohra, 2000, 2001).  

The efficacy of different extracts of D. quercifolia on 
antibacterial activity is shown in the Table 1. Ethanolic 
and methanolic extracts of the rhizome of D. quercifolia 
exhibited broad spectrum of antibacterial activity. It was 
observed in the present study that the ethanolic and 
methanolic extracts inhibited the growth of pathogenic 
bacteria 80 and 70% respectively. The broad spectrum of 
antibacterial activity of these extracts was due to the 
presence of active principle present in  the  extracts.  The 
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Table 1. Inhibitory properties (inhibition zone diameter in mm) of rhizome extracts of Drynaria quercifolia on different pathogenic 
bacteria 
 

Inhibition zone diameter in mm (Mean ± SD) 
Different solvents extracts 

 
 
 
Test Organisms 

Positive control 
Chloramphenical 

 
Ethanol 

 
Methanol 

 
Pet.ether 

 
Hexane 

 
Benzene 

 
Chloroform 

E. coli 14 ± 0.0 10 ± 0.2 10 ± 0.2 ND∗ ND∗ 10 ± 0.2 8 ± 0.2 
K. pneumoniae 9 ± 0.0 8 ± 0.2 8 ± 0.2 ND∗ ND∗ ND∗ ND∗ 
P. mirabilis 15 ± 0.0 13 ± 0.4 11 ± 0.2 ND∗ ND∗ ND∗ 8 ± 0.4 
P. aeruginosa 11 ± 0.0 8 ± 0.2 10 ±0.2 ND∗ ND∗ 11 ± 0.4 8 ± 0.4 
S. typhi 11 ± 0.0 11 ± 0.4 ND∗ ND∗ ND∗ 11 ± 0.4 ND∗ 
S. paratyphi A 10 ± 0.0 9 ± 0.3 ND∗ ND∗ ND∗ 7 ± 0.3 ND∗ 
S. paratyphi B 10 ± 0.0 11 ± 0.5 11 ± 0.5 ND∗ ND∗ 8 ± 0.2 ND∗ 
S. marscence 12 ± 0.0 ND∗ ND∗ ND∗ ND∗ ND∗ ND∗ 
S. aureus 10 ± 0.0 11 ± 0.4 10 ± 0.6 ND∗ ND∗ ND∗ 13 ± 0.6 
B. subtilis 12 ± 0.0 ND∗ 8 ± 0.4 ND∗ ND∗ ND∗ ND∗ 

 

Crude extract used (10µl),  
Inhibition Zone diameter includes the diameter of the disc (6mm),    
ND∗- Antibacterial activity not detected. 

 
 
 
active principle may be polar compounds like saponins 
(Singh and Gupta, 2008) responsible for broad spectrum 
of antibacterial activity than other extracts (Kafaru, 1994). 
Similar observation was also made by Okeke et al., 2001.  

Benzene and chloroform extracts of the rhizome of D. 
quercifolia exhibited least antibacterial activity against the 
bacterial pathogens tested (Table 1), whereas petroleum 
ether and hexane extracts did not inhibit the growth of the 
bacterial pathogens tested in the present study. Studies 
of Rani et al. (2003) revealed that petroleum ether extract 
of the rhizome of Acorous calamus (L.) showing least 
antibacterial activity and inhibited the bacterial growth at 
the concentration of 2 mg/ml.  

In the present study, it was observed that gram-
negative bacteria were more sensitive to most of the 
extracts tested compared to gram-positive bacteria. S. 
typhi, S. paratyphi A and S. marcesence were sensitive 
to ethanolic, benzene and chloroform extracts of the 
rhizome of D. quercifolia, where as K. pneumonia was 
susceptible to ethanolic and methanolic extracts of D. 
quercifolia.  Among gram-negative bacteria, E. coli and P. 
aeruginosa were sensitive to ethanolic, methanolic, 
benzene and chloroform extracts. The present investi-
gation was well coincided with the studies of Ashour and 
Kheralla (1995) and Azu et al. (2007). According to their 
studies, P. aeruginosa and E. coli were resistant to 
ethanolic, methanolic benzene and chloroform extracts of 
the fruit of Banalitis and the extracts of Allium cepa and 
Zingifer officinale res-pectively. But general observation 
was that P. aeruginosa was more resistant to most of the 
antibiotics commonly used in clinical practices (Tanira et 
al., 1994).    

In general, gram-negative bacteria were more resistant 
to antibiotics than gram-positive bacteria (Paz et al., 

1995; Chowdhury and Islam, 2004). The resistance is 
due to the differences in their cell wall composition. In 
gram-negative bacteria the outer membrane acts as a 
great barrier to many environmental substances including 
antibiotics (Tortora et al., 2001). Presence of thick murine 
layer in the cell wall prevents the entry of the entry of the 
inhibitors (Martin, 1995). But the present study revealed a 
controversy report that gram-negative bacteria were more 
susceptible to the crude extracts than gram-positive 
bacteria. It may be due to the presence of broad spec-
trum of antibiotic compounds present in the rhizome of D. 
quercifolia. 
The present study also showed that Serratia marce-
scense being resistant to all the extracts tested (Table 1). 
The results of the study were well corbarroated with the 
studies of Meyer and Afolayan (1995). 

Among the gram-positive bacteria tested S.aureus was 
sensitive to the ethanolic (11 mm), methanolic (10 mm), 
and chloroform (13 mm) extracts of D. quercifolia (Table 
1). High antibacterial activity of the rhizome of D. 
quercifolia towards S. aureus, which is methicillin resis-
tant, may be due to the presence glycoprotein, which 
exhibited high antibacterial activity (Fik et al., 1997; 
Janovska et al., 2003; Kawalski and Kedzia, 2007).  But 
B. subtilis was susceptible only for the methanolic extract 
(8 mm) of the rhizome of D. quercifolia (Table 1). Among 
the 16 extracts of medicinal plants tested for the antibac-
terial activity 10 extracts were not showing antibacterial 
activity against B. subtilis (Janovska et al., 2003). Simi-
larly Chowdhury and Islam also reported that extracts of 
T. urientalis were not active against the gram positive 
bacteria.  

From this study it can be concluded that ethanolic and 
methanolic  extracts   of   the   rhizome  of  D.   quercifolia 



 

 
 
 
 
showed wide range of antibacterial activity. So it can be 
used and administered in the ethnomedical practice. 
Bacterial pathogens that were used in the present study 
especially P. aeruginosa showed varying susceptibility 
against the crude extracts of the rhizome of D. quer-
cifolia. 
 
 
ACKNOWLEDGMENT 
 
The author Dr. M. Kandhasamy, thankfully acknowledges 
the laboratory and moral support provided by the Chair-
man, Correspondent, and Principal of PGP College of 
Arts and Science, Namakkal.  
 
 
REFERENCES 
 
Ashour SM, Kheralla  ZH (1995). Study of antimicrobial activity by some 

medicinal palnts. Egypt. J. Microbiol. 30:445-469. 
Azu  NC  Onyeagba  RA  Nworie  O, Kalu  J  (2007).  Antibacterial 

activity of Allium cepa Onion) and Zingiber officinale (ginger) on 
Staphylococcus aureus and Pseudomonas aeruginosa isolated from 
high vaginal swap. The Internet J. Tropical Medicine.  3(2):  110-115. 

Bauer AW, Sherris TM  Kirbay  WMM, Turk  M  (1966).  Antibiotic 
susceptibility of testing by a standard single disc method.  Amer. 
J.Clinical Pathol. 45: 493-496. 

Chopra  RN  (1993) Indigenous drugs of India and their economic 
aspects. Calcutta. Art  Press, Calcutta.  

Chowdhury AA, Islam MS (2004).  Antibacterial activity of Trema 
orientalis. Dhaka University J. Pharamaceutical Sci. 3(1-2): 115-117. 

Cutter CN  (2000). Antimicrobial effect of herb extracts against E. coli 
0157.H.7. Listeria monocytogensis and Salmonella typhimurium 
associated with beef. J. Food. Protect. 63: 601–607. 

Evans JS, Pattison E,  Moris P (1986). Antimicrobial agents from plant 
cell culture, in secondary metabolites in plant cell culture (edited by 
Moris PA, Scraggs  A,  Stafford  A, Flower M) Cambridge University, 
London. 

Fik  E,   Gozdzicka-Jozefik  T,  Miska  I, Kedzia  E  (1997).  New plant 
glycoprotein against methycillin resistant Staphylococcus aureus and 
enterococci. Acta Microbiol. Pol. 46: 325-327.    

Janovska  D,  Kubikova  K, Kokoska  (2003).  Screening for 
antibacterial activity of some medicinal plants species of traditional 
Chinese medicine.  Czech J. Food  Sci. 21(3):107-110.  

Gehlot   D, Bohra  A   (2000). Toxic effect of various plant extracts on 
causal organisms of typhoid fever. Curr. Sci.  78(7): 781-782. 

Gehlot   D  and  Bohra  A   (2001).  Antimicrobial efficacy of some latex 
yielding plant against Candida albicans.   Acta. Botanica Indica.  29: 
1-2.    

Kafaru  E  (1994). Immense Help from Nature’s Workshop. Elikat Health 
Services, Lagos.  pp. 31-210. 

Kirtikar KT,   Basu  BD, An  ICS  (1975).  Indian Medicinal Plants.  Vol. 
4. (2nd edn.)  Bishen Singh Mahendra Pal Singh, Dehra Dun, India. 

Kawalski R,   Kedzia  B ( 2007). Antibacterial activity of Silphium 
perfoliatum extracts. Pharmaceutical Biol.  45(6): 494-500.    

Kumar  A,  Kausik  P (1999). Antibacterial effect of Adiantum copillus 
veneris (L).  Indian  Fern  J.  16:72-74. 

 
 
 
 
 
 
 
 
 
 

Kandhasamy  et  al.    205 
 
 
 
Martin  GJ  (1995).  Ethnanobotany, A Methods  Manual. Chapman and 

Hall, London. 
May IW (1978).  The economic uses and associated folklore of ferns 

and fern allies. Bot. Rev. 44: 191-528. 
Meyer JJM, Afolayan  AJ  (1995). Antibacterial activity of Helichrysum   

aeuronitens (Asteraceae).  J. Ethnopharmocol. 52: 95-100.   
Nadkarni BK (1954). Indian Materia Medica with ayurvedic, unantibbi, 

siddha,  allopathic, homeopathic, naturopathic and home remedies. 
3rd edition, Popular Book Depot, Bombay. 

Nayar BK (1959).  Medicinal ferns of India. Bull. Nat. Bot Gard.  
Lucknow. 29: 1-36. 

Okeke  MI,  Iroegbu  CU,  Eze  EN,  Okoli  AS, Esimone  CS  (2001).  
Evaluation of extracts of the root of Landolphia owerrience for 
antibacterial activity. J. Ethnopharmacol. 78:119-127. 

Parihar P,   Bohra A (2002a). Effect of some Pteridophytic plant part 
extracts on human pathogenic bacteria Salmonella typhi. Ad.  Plant 
Sci.  15: 365-367. 

Parihar P, Bohra A (2002 b). Antifungal efficacy of various Pteridophytic 
plant parts: a study in vitro. Ad. Plant Sci.  15:35-38. 

Parihar P, Bohra A (2003). Effect of some Pteridophytic plant part 
extracts on human pathogenic bacteria Salmonella typhi. Indian  Fern  
J. 20:39-41. 

Purohit P, Bohra A (1998). Effect of some plants extracts on conidial 
germination of some important phytopathogenic fungi. Geobios  New  
Report.  17:183-184. 

Paz   EA, Lacy RN, Bakhtiar M (1995). The betalactum antibiotics 
penicillin and Cephalosporin in Prespective Hodder Stongton, 
London, p. 227. 

Rani  SA,  Satyakala  M,   Devi  SV, Murty  US  (2003).   Evaluation of 
antibacterial activity from rhizome of Acorus calamus (L.)   J.  
Scientific and Industrial Res.  6(2):  623-625. 

Singh   R, Gupta  AK  (2008).  Antimicrobial and antitumor activity of the 
fractionated extracts of Kulimusli  (Curculgo orchioides). Intl. J. Green 
Pharamcy. 2(1): 34-36.  

Sydney   S, Lacy   RW, Bakhtiar M (1980). The   Blactum antibiotics 
Penicillin and Cephalosporin in Perspective. Hodder and  Stongton, 
London, p-224. 

Tanira   MOM,   Bashir  AK,  Dib  R,  Godwin  CS,  Wasfi  IA,   
  Banna N (1994). Antimicrobial and photochemical screening of 

medicinal plants of United Arab Emirates.  J. Ethnopharmacol.   
41:201-205. 

Tomin E, Tomasz A (1986). Betalactam specific resistant mutants of 
Staphylococcus aureus.  Antimicrobiol.  Agents  Chemother.  30: 
377-383. 

Tortora GJ, Funke BR,   Case CL (2001). Microbiology: An Introduction. 
Benjamin Cummings, San Francisco.  p. 88. 

 
 
 
 
 


