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Abstract 

Antibacterial activity of stonewort green macro alga, Nitella tenuissima (Desv.) Kiitz was 

studied  in five different  solvents  viz., methanol,  ethanol,  ethyl acetate, chloroform and 

distilled water against four human  pathogenic bacteria Staphylococcus aureus,  Bacillus 

cereus, Streptococcus mutans, Citrobacter koseri  by two different methods viz., agar well 

diffusion method  and paper disc method. A preliminary phycochemical screening for 

protein, carbohydrate, total chlorophyll and total phenol content estimation were also 

studied in all the algal extract. The results showed that the methanolic extract of Nitella 

tenuissima (Desv.) Kiitz recorded appreciable anti bacterial activity. The zone of inhibition 

in methanol extract of disc method was 20 mm (against Staphylococcus aureus and Bacillus 

cereus) and 20 & 28 mm in methanol & ethyl acetate of well diffusion method respectively 

(against Staphylococcus aureus). Among the algal extracts studied, the methanol extracts 

registered high zone of inhibition against all the bacterial strain tested in both the methods. 

 

Keywords: Nitella tenuissima (Desv.) Kiitz, Phycochemical, Antibacterial activity, 

Freshwater, Macro  algae, Methanoilic extract. 
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1. Introduction  
 

Algae are the very important and diverse group of 

plant kingdom, being many bioactive compounds 

algae becoming good area for research (Kamble 

and Chavan, 2010).  Need for the new therapeutic 

compounds had been expanding steadily because 

of the evolving resistance of microorganisms to 

existing antibiotic. The emergence of resistant 

bacteria has created a major concern and urgent 

need for a new anti-bacterial agent 

(Rajasulochana et al., 2009). Many of the algae 

are known for the production of bioactive 

substances (Spratt, 1994). Several works have 

been carried out on the extracts from algae to 

know their anti microbial activities. It is well 

known that calcified algae are very significant as 

far as their ecological and economic importance is 

concerned (Davis, 1994). A four-gene 

phylogenetic analysis was conducted to 

investigate relationship between the group 

charophytes and land plants. This analysis 

supports the hypothesis    that    the    land   plants    

are placed phylogenetically within the Charophyta 

identifies the Charales (stoneworts) as the closest 

living relatives of plants (Wray and Tsuda,1977). 

As Charales is closest living of higher plants this 

species is expected to have a high proportionate of 

bioactive compounds and antibacterial properties. 

Furthermore,  microorganisms  are causative  

agents in both  food poisoning and  food  

deterioration  and  so  antimicrobial agents  from  

plants  are  of  interest as natural preservatives 

(Yukokuroglu  et al., 2001).  Phycochemistry is 

the study of natural products and chemical 

constituents occurring within algal thallus from a 

biological point of view (Shameel, 1990). The 

excessive amount of chlorophyll a and 

chlorophyll b is present in freshwater algae (e.g. 

members of the phyla Volvophycota, 

Chlorophycota and Charophycota). Several 

studies have been carried out to with various algal 

species to see their antibacterial activity. 

However, the present study objective is to find out 

the antibacterial and phycochemical properties of 

fresh water green macro algae, Nitella tenuissima 

(Desv.) Kiitz, an indicator of fresh water algal 

flora which was not done previously. 

 

2. Materials and Methods 

 

2.1 Algal material 

 

Nitella tenuissima (Desv.) Kiitz were collected 

from Aarivakkam Lake, Kattangolathur, 

Kancheepuram District, Tamilnadu, India during 

October to December 2011(Wood, 1964). 

  

The collected sample were cleaned with distilled 

water to remove all the extraneous  matter such as 

epiphytes, sand particles, pebbles, shells etc., The  

sample  were  then thoroughly  washed  with  

freshwater,  blotted and  spread  out in shade 

under room  temperature for  drying. 

  

2.2 Preparation of extract 

 

The shade dried sample was ground to a fine 

powder using pestle and mortar. The algal   

sample was mixed with various solvents such as 

methanol, ethanol, ethyl acetate, chloroform and 

distilled water. Extraction was done by soaking 

one part of algal sample into ten parts of solvent 

(1:10) ratio viz., methanol, ethanol, ethyl acetate, 

chloroform and distilled water. The extract was 

filtered through cheese cloth followed by filtration 

using Whatman No.1 filter paper. The extraction 

was repeated until the powder was free of 

extractable substances. The pooled extracts were 

concentrated under rotary evaporator at 40°C and 

then under room temperature. Finally the residues 

of each extracts were collected in separate vials 

and used for experiment. 

 

2.3 Antibacterial Activity 

 

2.3.1 Bacterial strains used for assay 

 

Staphylococcus  aureus (S.aureus), Bacillus  

cereus (B. cereus),  Streptococcus  mutans (S. 

mutans)  and Citrobacter koseri (C. koseri) were  

obtained  from  the  Centre  of  Advanced Studies  

in Botany(CAS), University of Madras. The 

bacterial stock cultures were maintained at 4
O
C in 

a refrigerator. 

 

2.3.1.1 Inhibitory effect by disc diffusion 

method  

 

In vitro antibacterial activity was carried out by 

using Mueller Hinton Agar (MHA) following the 

method described (Karol et al., 2001). The MHA 
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plates were prepared by pouring 15mL of media 

into each sterile petri plates and allowed to cool. 

Swabs were prepared from various stock cultures 

of bacteria and were spreaded over agar surface to 

make a lawn. The residual extract of sample was 

mixed with respective solvent in the ratio of 1:10 

and 2µl of sample was loaded uniformly on sterile 

discs (5mm in dia) i.e., 200µg/ disc. Similarly, 

respective solvent used without sample was also 

loaded on sterile filter paper discs of 5mm in 

diameter as solvent control and labelled. Then 

soaked discs were air dried aseptically to ensure 

evaporation of solvents. Dried disc with 

impregnated algal and solvent extracts were 

carefully placed at uniform distances over agar 

surface with the help of sterile forceps and 

ensured for correct implantation by applying 

gentle press over disc.  Then the plates were 

allowed to dry for 30 minutes. Then the 

petriplates were incubated at 35°C for 24 hours. 

After the incubation time, plates were observed 

for inhibitory zone formation (in mm) around the 

disc of different extracts on microbial lawns in 

agar surface and recorded. 

 

2.3.1.1 Inhibitory effect by the agar well 

diffusion method 

 

In vitro antibacterial activity was screened by 

using MHA following the method described 

(Attaie et al., 1987). The MHA plates were 

prepared by pouring 15mL of media into each 

sterile petri plates and allowed to cool. Swabs 

were prepared from various stock cultures of 

bacteria and were spreaded over agar surface to 

make a lawn. Five wells were made with sterile 

cork borer (6mm) in each plate. The residual 

extract of sample was mixed with respective 

solvent in the ratio of 1:10 and 2µl of sample was 

loaded uniformly in wells. i.e.,200µg/well. 

Similarly, respective solvent used without sample 

was also loaded in wells as solvent control and 

labelled. The inoculated plates were incubated at 

37°C for 24 hours. After incubation period, the 

diameter of the clear zone around the well was 

measured (in mm) and recorded. 

 

2.4 Phycochemical Analysis 

 

The methanol extract of Nitella tenuissima 

(Desv.) Kiitz were also studied for their 

phycochemical constituents. 

 

2.4.1 Estimation of chlorophyll  

 

The shade dried sample was weighed and 

homogenized with 100% acetone and centrifuged 

at 5000 rpm for 10 min. The pellet obtained was 

again added with 100 % acetone, covered with 

aluminium foil and kept overnight at 4°C. Then 

the sample was centrifuged at 5000 rpm for 10 

min. The supernatant was separated and the 

absorbancies was read at 470 nm, 644.8 nm and 

661.6 nm. The amounts of Chl a, ChI b and total 

chlorophyll were calculated as per the formula 

mentioned (Lichtenthaler  and Wellburn, 1985; 

Lichtenthaler, 1987)  

 

2.4.2 Estimation of carotenoid 

 

The sample was prepares as same of chlorophyll 

estimation and the absorbencies was read at 470 

nm and total carotenoids were calculated as per 

the formula mentioned (Lichtenthaler and 

Wellburn, 1985; Lichtenthaler, 1987). 

 

 2.4.3 Estimation   of total protein:   

 

Total protein content was estimated by following 

(Bradford, 1976). Five gm of the fresh sample 

was homogenized in 5 mL of 0.1 M sodium 

phosphate buffer at pH 7 and then centrifuged   

at 5000 rpm for 10 minutes. The supernatant was 

taken for the estimation of total protein. 0.2 mL 

of sample was added to 5 mL of protein reagent 

(Coomassie Brilliant Blue G-250) and mixed 

thoroughly by vortexing and the solution was 

allowed to stand for 5 minutes. The absorbance 

was read at 595 nm against a reagent blank using 

a spectrophotemeter.  The amount of protein was 

calculated by using a standard   graph prepared   

with Bovine   Serum Albumin (BSA)   ranging   

from 10-100 ug/ml. 

 

2.4.4 Estimation   of total carbohydrate 

 

Total carbohydrate content was estimated by 

following the method described by (Dubois, et 

al.,1956).5gms of the dried sample was 

homogenized with 5 mL of 0.1M sodium 

phosphate buffer at pH 6.8 and centrifuged at 

5000 rpm for 10 minutes. To 1 mL of sample, 1 
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mL of 5 % phenol and 5 mL of H2S04 were added. 

The mixture was thoroughly mixed by vortexing 

and the solution was allowed to stand at room 

temperature for 30 minutes. The OD was read at 

490 nm using spectrophotometer and standard 

graph was prepared with different concentrations 

of D-glucose ranging from 10-100 ug/mL to 

calculate the amount of carbohydrate. 

 

2.4.5 Determination of total polyphenol content 

  

The total polyphenol of the extracts was 

determined by spectrophotometric method 

(Dewanto et al.,2002). Three hundred  micro litre 

of the methanolic extract prepared above was 

introduced into test tubes followed by the addition 

of 1.5 mL of a  Folin-Ciocalteau's reagent   (10X  

dilutions)   and   1.2  mL  of  sodium carbonate  

(7.5% w/v) and vortexed  for  15 sec  and 

incubated for 30 minutes at 40°C  for color  

development.  The absorbance was measured at 

760nm against the blank without sample using 

spectrophotometer.  Total polyphenolic  content  

was expressed  as mg tannic acid equivalent  per 

gram of dry weight (mg TAE/g dry weight)  

through the  standard  graph prepared  with tannic  

acid, ranging from 10 to 100 ug/ml.  

 

3. Results and Discussion  
  

The results of the experiment revealed that, 

appreciable results were obtained in methanol 

extract in both the methods tested. In disc 

diffusion method of methanol extract, the 

zone of inhibition was noticed for the 

majority of the pathogens tested and the zone 

of inhibition ranged from 5mm to 20mm. 

When the extracts were tested in well 

diffusion method of methanol extract, 

maximum zone of inhibition (28 mm and 20 

mm) obtained in ethyl acetate and methanol 

against S. aureus and the zone of inhibition 

ranged from 20mm to 2mm. 

 

 

   Table -1: Antibacterial activity of green macro algae Nitella tenuissima (Desv.) Kiitz 

 
 *-Paper Disc method;   #- Well Diffusion method; - = No activity. 

 

 

3.1 Disc diffusion method 

 

The zone of inhibition of the extract 

(200µg/disc) was observed as follows in 

methanol extract, 20 mm against S.aureus and 

B. cereus, 10 mm against S. mutans and 5mm 

against C. koseri. In chloroform extract, 

12mm and 8mm against B. cereus and S. 

mutans and no zone was formed around S. 

aureus and C. koseri. In ethyl acetate extract, 

8mm against B. cereus, 7mm against S.aureus 

and C. koseri & 6mm against S. mutans. In 

ethanol extract, 8mm against S. mutans, 5mm 

against S.aureus, 2mm against B. cereus and 

C. koseri. In distilled water extract, inhibition 

zone was not formed. In this method, the zone 

of inhibition ranged from 20 mm to 2 mm. 

(Table -1)  

 

3.2 Agar well-diffusion method 

  

The zone of inhibition of the extract 

(200µg/well) was observed as follows. In 

methanol extract, 20 mm against S.aureus, 

15mm against B. cereus, 6mm against S. 

mutans and 2mm against C. koseri. In 

chloroform extract, 16mm against B. cereus 
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and 8 mm against S. mutans and no zone was 

formed around S. aureus and C. koseri. In 

ethyl acetate extract, 28mm against S.aureus, 

17mm against and C. koseri and 15 mm 

against B. cereus and S. mutans. In ethanol 

extract, 15mm against C. koseri S.aureus, 

8mm against S. mutans, 5mm against B. 

cereus, and 3 mm against S.aureus. In 

distilled water extract, inhibition zone was not 

formed. In this method, the zone of inhibition 

ranged from 28mm to 2mm (Table -1). 

 

Table -2: Phycochemistry of green macro 

algae Nitella tenuissima (Desv.) Kiitz 

 

* 
Fresh algal sample;

 #
 dried algal sample. 

  

Among the four extracts used in the present study, 

the activity was in the order methanol >ethyl 

acetate>ethanol >chloroform> distilled water 

(Table -1) agreeing with observations of (Vijaya 

Parthasarathy et al.,2004) that methanol is a better 

solvent for algal extraction and separation of 

variety of phycochemicals that produce maximum 

inhibitory effect on both gram positive and gram 

negative bacteria. The present study reveals the 

poor activity of water extract in the algal species, 

agreeing with earlier reports (Hodgson, 1984) that 

the use of organic solvents is always better for 

extraction compared with water extraction. 

Solvent controls recorded no inhibition zone in 

both the method and was not given in table. 

  

Over the last decades there has been a lot of 

work in the area of elucidating the active 

principle of herbal medicines and 

synthesizing the active constituent for medical 

use. Research has shown that a number of 

potent herbs don‘t show activity or show 

reduced activity after separation and synthesis 

of the active principles (Cowan.,1999). An 

earlier study reported the Anti-bacterial 

activity of methanol extract of freshwater 

microalgae including Chara contraria and 

Nitella flexilis (Omulokoli et al.,1997). Which 

inhibited the growth of Bacillus cereus and 

Corynebacterium diphtheria which belongs to 

phylum charophyta also tue species of this 

study belongs to. Alkaloids are commonly 

found to have antimicrobial properties against 

both  Gram-positive    and   Gram-negative   

bacteria (Omulokoli et al.,1997). As the 

macro algae used in this study possess 

antibacterial activity, we can elucidate active 

alkaloid composition of this species. 

 

3.3 Phycochemical analysis 

 

The results of the phycochemical study 

revealed that protein, carbohydrate, 

Chlorophyll a, Chlorophyll b, total 

chlorophyll, carotenoid and total polyphenol 

content was 0.8µg/mg, 4.4 g/mg, 1.14mg/l, 

0.97mg/l, 0.28ug /1.5mg, 1.40mg/l and 13.0 

mg TAE/g dry weight, respectively. (Table -

2) The presence of phycochemicals can be 

attributed to the complex mixture of 

phycochemicals which possess antioxidant, 

antimicrobial, anticancer and antiviral 

activity. The compounds responsible for these 

activities include phenolic compounds, 

sulphated polysaccharides and organic acids 

(Liu, 2003; Podsedek,2007). 

 

 

4.0 Conclusions 

 

It is concluded from the present investigation 

that, methanolic extract of fresh water 

macroalgae Nitella tenuissima (Desv.) Kiitz 

extract as antibacterial agents would be useful 

in controlling various pathogenic bacteria 

instead of synthetic products which causes 

hazardous problems. As the methanolic 

extract of Nitella tenuissima (Desv.) Kiitz had 

shown appreciable anti-microbial activity, we 

can identify active alkaloid contents, a step 

forward towards pharmacological application 

in future studies. The results also showed the 

S.no. Parameters Result 

1 Protein* 0.8µg/mg 

2 Total 

Carbohydrate
#
 

4.4 g/mg 

3 Chlorophyll a
#
 1.14mg/l 

4 Chlorophyll b
#
 0.97mg/l 

5 Total 

chlorophyll
#
 

0.28 ug /1.5mg 

6 Total carotenoid
#
 1.40mg/l 

7 Total 

polyphenol
#
 

13.0 mg TAE/g 

dry weight 
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presence of protein, carbohydrate, 

chlorophyll, carotenoid, polyphenol content. 

As polyphenol content is present, antioxidants 

may also be present, Further studies on 

antioxidant activity are needed to confirm it. 
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