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Since ancient times, plants have been considered as 

natural origin that are used for human health purposes. 
medicines and therapies have increased e
look for plants with more diverse medicinal prop
(Flower, 1957). 

According to the World Health Organ
resource to be used in the form of various 
use conventional medicines derived from med
accomplishment of diverse intentions of 
those nations where dependence on traditional medicines for 
developing countries.  

Bryophytes belong to the oldest known group of the land plants, which includes mosses, hornworts and 
liverworts. Till date in the world, known members of the mosses (bryophyte) are more than 
2015). Biological compounds like oligosaccharides, 
and phenolic compounds etc. are found in almost all species of bryophytes and is basically the main reason 
behind their antimicrobial properties against fungi and bacteria (Asakawa, 1984),
remarkable ability for medical uses (Asakawa, 1981; Asakawa 
metabolites produced by bryophytes are known for antibacterial properties and many studies have also 
established the fact that extracts of b

The presence of bioactive compounds in bryophytes has helped them to 
ecologicall important place in today’s flora. Although bryophytes are very common plants, still their 
medicinally important properties are not completely exploited. They are mainly used in household purposes, 
horticulture, pharmaceutical products and as being the good indicators of environmental conditions, they are 
also ecologically important (Glime and Saxena,
medidicinal source have been used in China since 400 years ago such as 
which were used as hair growth stimulator and diuretic drugs in China (Asakawa, 1990). Many br
species exhibit significant antimicrobial effects against different fungi and bacteria (Basile 
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A B S T R A C T  
Bryophytes are well known for their antimicrobial activity. Globally, they are in view 
of great medicinal value. Numerous bryophytes have been assessed for their 
antimicrobial potential. However, in comparison to angiosperms, lesser number of 
bryophytes have been studied till date. Hence, the intention of the present study is to 
evaluate the antibacterial potential of a moss Hydrogonium arcuatum
Marga. This moss is capable of growing xeric conditions hence available throughout 
the year in Rajasthan, India. The antibacterial assessment was done using disc diffusion 
assay technique. 
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INTRODUCTION  

plants have been considered as useful and eventual resource 
for human health purposes. During last few years, the trend and demand of natural 

medicines and therapies have increased e.g. Ayurveda. This has drawn attention of scientists and botanists to 
look for plants with more diverse medicinal properties like for treatment of wounds and various skin problems

World Health Organisation (WHO), plants with medicinal properties
various drugs. Mainly in developed countries, about 80% of total population 

use conventional medicines derived from medicinal plants. The use of plant derived compounds in the 
accomplishment of diverse intentions of pharmaceutical industry has majorly increased 

where dependence on traditional medicines for curing various diseases 

Bryophytes belong to the oldest known group of the land plants, which includes mosses, hornworts and 
liverworts. Till date in the world, known members of the mosses (bryophyte) are more than 

Biological compounds like oligosaccharides, polysaccharides, sugar alcohols, phenylquinone, aromatic 
are found in almost all species of bryophytes and is basically the main reason 

behind their antimicrobial properties against fungi and bacteria (Asakawa, 1984), therefore 
ability for medical uses (Asakawa, 1981; Asakawa et al., 2000). Generally, the

metabolites produced by bryophytes are known for antibacterial properties and many studies have also 
that extracts of bryophytes play different bioactive roles. 

active compounds in bryophytes has helped them to initiate, sustain and 
place in today’s flora. Although bryophytes are very common plants, still their 

nally important properties are not completely exploited. They are mainly used in household purposes, 
horticulture, pharmaceutical products and as being the good indicators of environmental conditions, they are 
also ecologically important (Glime and Saxena, 1991; Kumar et al., 1999). Traditionally, bryophytes 

have been used in China since 400 years ago such as Fissidens and 
which were used as hair growth stimulator and diuretic drugs in China (Asakawa, 1990). Many br

antimicrobial effects against different fungi and bacteria (Basile 

46-50 

 

, Department of Bioscience and Biotechnology, Banasthali University, Rajasthan 

(Griff.) Wijk. & Marga 

Bryophytes are well known for their antimicrobial activity. Globally, they are in view 
of great medicinal value. Numerous bryophytes have been assessed for their 
antimicrobial potential. However, in comparison to angiosperms, lesser number of 

ve been studied till date. Hence, the intention of the present study is to 
Hydrogonium arcuatum (Griff.) Wijk. & 

Marga. This moss is capable of growing xeric conditions hence available throughout 
Rajasthan, India. The antibacterial assessment was done using disc diffusion 

© 2015  ARNMSBM Publisher All rights reserved. 
Hydrogonium arcuatum (Griff.) Wijk. & Marga 

 of various products of 
years, the trend and demand of natural 

g. Ayurveda. This has drawn attention of scientists and botanists to 
and various skin problems 

with medicinal properties are the utmost 
tries, about 80% of total population 

plant derived compounds in the 
ed globally, especially in 

diseases is still occurs, i.e., 

Bryophytes belong to the oldest known group of the land plants, which includes mosses, hornworts and 
liverworts. Till date in the world, known members of the mosses (bryophyte) are more than 15,000 (Alam, 

polysaccharides, sugar alcohols, phenylquinone, aromatic 
are found in almost all species of bryophytes and is basically the main reason 

therefore they have the 
., 2000). Generally, these secondary 

metabolites produced by bryophytes are known for antibacterial properties and many studies have also 

sustain and preserve their 
place in today’s flora. Although bryophytes are very common plants, still their 

nally important properties are not completely exploited. They are mainly used in household purposes, 
horticulture, pharmaceutical products and as being the good indicators of environmental conditions, they are 

1991; Kumar et al., 1999). Traditionally, bryophytes as 
and Polytrichum species 

which were used as hair growth stimulator and diuretic drugs in China (Asakawa, 1990). Many bryophyte 
antimicrobial effects against different fungi and bacteria (Basile et al., 1998a, b; 
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1999; Banerjee, 2001; Scher et al., 2004; Subhisha and Subramoniam, 2005; Sabovljevic et al., 2006; Dulgar et 
al., 2009; Alam et al., 2011; 2012; Alam, 2012).  

Hence, in last two decades, various bioactivities have been observed in many bryophytes (Asakawa, 2001; 
2004). Hence, these less famous plants need to be more thoroughly scrutinized in order to enhance our 
knowledge regarding their phyto-constituents and their efficiency of medicinal significance (Basile et al., 
1998a). Possible potent phytoconstituents will boost the recent resurgence of plant based medicines (Frahm and 
Kirchhof, 2002). 

In present study, the moss, Hydrogonium arcuatum (order Pottiales; family Pottiaceae) has been 
investigated. This taxon is well distributed in the eastern and western Himalayas (Rawat et al., 2015) and 
Rajasthan (Alam et al., 2011) and grows in turf or mats. This work aims at determining the antibacterial efficacy 
of this moss against some selected pathogenic bacterial strains.  

 
MATERIAL AND METHODS 

 
Plant material: 

For this study, the plant material (Specimen no: BURI-7860307) was collected from western Rajasthan i.e.  
Mount Abu, at an altitude of 1600 m during August 2014. The plant material was properly cleaned under 
running tap water to free it from any adhering soil or debris particles and was finally rinsed with sterile distilled 
water. Green or greenish-brown vegetative parts (gametophyte) were only used for the experimental work. 
 
Test Organisms: 

The pathogenic bacterial strains were acquired from the Microbial Type Culture Collection (MTCC), 
Institute of Microbial Technology, Chandigarh. Bacillus subtilis (MTCC-1305); Escherichia coli (MTCC-101); 
Enterobacter species (MTCC-8558); Staphylococcus aureus (MTCC-87) were used for evaluating antimicrobial 
activity of the selected bryophyte. 
 
Extract Preparation: 

 Plant parts were air dried in shade and were further ground into fine powder. 5 g of this powder was 
exhaustively extracted in 50 ml of 95% alcohol for over 24 h. The liquid was then filtered and centrifuged at 
4000 rpm for 10 min, the obtained filtrate was consecutively separated in different solvents (Acetone, 
Chloroform, Ethanol and Methanol) and distilled water. The homogenous surface liquid of the crude solvent 
extracts was used to impregnate the diffusion discs with antibacterial activity.  
 
Antibacterial Assay: 

The technique used to evaluate antibacterial activity here is the disc diffusion assay technique (Gould and 
Bowie, 1952; Anna King and Brown, 2001). The bacterial strains selected for this study include Bacillus subtilis 
(MTCC-1305), Escherichia coli (MTCC-101), Enterobacter species (MTCC-8558), Staphylococcus aureus 
(MTCC-87). These bacterial strains using inoculum suspensions containing approximately 10 cells/ml, were 
cultured overnight in NB and LB medium at 37 °C. Sterilised Nutrient agar (3% agar) was used as a base layer 
in petri plates. A final inoculum of bacteria was obtained at 100µl of suspension which was spread on solidified 
layer of Nutrient Agar (NA). Sterile paper discs impregnated with the extract were placed on the seeded agar. 
As positive control antibiotic discs of Ampicillin were used against the bacteria. Petri plates were then incubated 
at 37 °C for 24 h. Zone of inhibition (ZOI) was measured in mm for depicting the antibacterial activity. 
 
Results: 

Antibacterial activity of Hydrogonium arcuatum extracts in acetone, chloroform, distilled water, ethanol 
and methanol against four bacterial species isshown in table 1. The inhibition zones were found significant and 
considerably different from each other. The aqueous extract showed least activity against all the tested micro-
organisms. Staphylococcus aureus was found to be most susceptible and least susceptibility was observed in E. 
coli. Amongst all the four extracts tested maximum activity was shown by chloroform and ethanolic extracts 
against Staphylococcus aureus and Enterobacter sp. However, the Zone of Inhibition (ZOI) of acetone, 
chloroform, ethanolic and methanolic was not significantly different against B. subtilis and E. coli.  

 
Table 1: Showing five extracts of Hydrogonium arcuatum in two conc. i.e. 0.04g/ml and 0.05g/ml; ZOI (in mm) against above mentioned 

bacterial strains 
Acetone 
0.04     0.05 

Chloroform 
0.04     0.05 

Dist. Water 
0.04     0.05 

Ethanol 
0.04     0.05 

Methanol 
0.04      0.05 

B. subtilis   6   7   8 12 1 3 11 14   8   9 
E. coli   2   6   1  5 0 2   2   4   4   7 
Enterobacter sp. 11 14 16 17 3 4 14 16 15 19 
S. aureus 12 15 11 13 3 7 13 19 18 18 
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Figs. a-h: Petri Plates showing anti bacterial activities of various extracts of Hydrogonium arcuatum at conc. 
0.04-0.05g/ml. a-b: of B. subtilis; c-d: of E. coli; e-f: of Enterobacter & g-h: of S. aureus 

 
Discussion: 

Different extracts viz., acetone, chloroform, aqueous, ethanolic and methanolic of the selected moss species 
were prepared separately in order to assess their antibacterial activity. Although, all the extracts exhibited 
different levels of sensitivity against all the test organisms, still chloroform and ethanolic extract was found to 
be more active than others. For comparison or as a positive control, ampicillin antibiotic discs were used. By 
observing obtained results, it is very much apparent that chloroform and ethanolic extracts at a concentration of 
0.04-0.05g/ml showed remarkable antibacterial activity. Amongst all the four tested bacteria, in case of 
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Staphylococcus aureus and Enterobacter species better results were shown at this concentration than E. coli and 
B. subtilis. 
 
Conclusion: 

It can be concluded on the basis of the present study that the extracts of Hydrogonium arcuatum shows 
considerable competence as an antibacterial agent. The activity of alcoholic and chloroform extracts was more 
efficient as compared to other extracts against bacterial strains. The obtained results to some extent are similar 
to earlier studies related to extracts of many liverworts and mosses that showed antifungal and antibacterial 
activities (Castaldo et al., 1998; Alam et al., 2015). This work helps in projecting the use of this moss as an 
important medicinal resource to combat against various diseases caused by selected pathogenic bacteria in an 
environmental responsive way. 
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