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Abbreviations: BBM, Bold’s Basal Medium; SW, Sewage 
Water; BOD, Biological Oxygen Demand; DO, Dissolved Oxygen; 
COD, Chemical Oxygen Demand; DMSO, Dimethyl Sulfoxide; 
MWC, Modified WC Medium; Chu, Culture media; BG 11, Blue 
Green Media; TS, Total Solids

Introduction
Microalgae are a group of unicellular or simple multicellular 

photosynthetic microorganisms and have been explored for their 
bioactive compounds and their extracellular products also possess 
with promising applications encompassing antibacterial, antiviral, 
antifungal, antialgal antiprotozoal and antiplasmodial activities.1-8 
They are divided into four groups (red, green, brown and blue green). 
This taxonomic group, not included in Plant kingdom but rather in 
the Protista kingdom, shows a high photosynthetic performance. 
So, algae can have a high reproductive potential and therefore can 
grow very fast. Now, humans can build a shining future to the next 
generations in different sectors of our daily life using microalgae for 
very different applications such as energy source, food, fertilizers, 
nutraceutical, cosmetics, pharmaceuticals, aquaculture purpose and 
pollution control. The development in algal therapeutic research has 
made it possible now a days by their bioactive compounds which have 
been found effective against most of the pathogens.9-17

The microalgae has immense application in specific to bioactive 
compounds derived from algae with proven beneficial and much 
more effective as compared with traditional treatment methods. Fatty 
acids isolated from Coelastrella spp., R. violacea and Chlorella spp. 
were found active against human pathogens like S. aureus and low 
in S. pyogenes.18 The production of microalgae biomass shows wide 

valuable uses, in the aquaculture, biotechnology, and food science, 
among others. However, microalgae show fluctuations in their chemical 
profile generated mainly by the culture conditions. The previous 
reports on the assessments of effects was studied through nitrogen 
starvation and its totally depends on its growth, nutrient uptake, 
and gross chemical composition of two species viz. Chlorella spp. 
and Nannochloropsis oculata.19

Antibacterial substance, named ‘chlorellin’, was firstly isolated 
from Chlorella. The mixture of fatty acids was found to exhibit 
inhibitory activity against both Gram-positive and Gram-negative 
bacteria.11 As microalgae where potentially explored only after 
1950s, they were not considered previously for therapeutic purposes. 
Widespread research is presently undergoing to find the novel 
therapeutic useful agents to treat infectious diseases because it 
produces wide range of antibiotics.20-22

Due to the emerging infectious diseases, viral infections and raise 
in antibiotic resistant bacteria, there is an urgent need for development 
of alternative treatment therapies against infectious diseases.9 Further, 
more research is needed to identify the compounds are directly 
responsible for those antimicrobial features have been made, but are 
still emergent. Photosynthesis has long been recognized as a means to 
sequester anthropogenic CO2 and algae have also been identified as 
fast growing species whose carbon fixing rates are much higher than 
those of terrestrial plants.23

The continuous cultivation of algae would not only help in 
biofixation of CO2 but also yield value added products from 
biomass such as proteins, fatty acids, vitamin A, minerals, pigments, 
dietary supplements for human, animals, aquaculture and other bio-

J Aquac Mar Biol. 2017;5(3):65‒71. 65
©2017 Sampath et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestrited use, distribution, and build upon your work non-commercially.

Cultivation and chemical composition of microalgae 
chlorella vulgaris and its antibacterial activity against 
human pathogens

Volume 5 Issue 3 - 2017

Sampath kumar P,  Dineshkumar R, 
Narendran R, Jayasingam P
Centre of Advanced Study in Marine Biology, Annamalai
University, India

Correspondence: Sampathkumar P, Centre of Advanced 
Study in Marine Biology, Faculty of Marine Sciences, Annamalai 
University, India, Tel 91 04144-228542, 
Email 

Received: May 12, 2016 | Published: March 07, 2017

Abstract

The present study was aimed to isolate green microalgae Chlorella vulgaris from the 
Pichavaram Mangrove Forest, South East coast of India. After being isolated, they were 
confirmed through morphological structures of microalgae C. vulgaris on cultivation of 
two different Medias. Phytochemicals like phenol, tannins, flavonoids, terpenes, terpenoids, 
alkaloid and saponins were present in the dried biomass and antibacterial activity was showed 
better results to control infectious human pathogens. The total biomass of the BBM and the 
sewage water cultured C. vulgaris were found to be 2.034 g/L and 3.615 g/L (dry weight), 
0.268 g/L and 0.402 g/L (wet weight), respectively. The physico – chemical parameters 
of the sewage water were analyzed initially and at the end of the study, to determine the 
chemical consumption by the microalgae. Likewise, the protein, carbohydrate and lipid 
content of the BBM and the sewage water cultured C. vulgaris were recorded (34.56 ± 1.33 
& 36.56 ± 1.28 mg/g), (41.09 ± 0.92 & 42.13 ± 0.85 mg/g) and (28.20 ± 0.89 & 28.68 ± 
0.82 mg/g) respectively. The C. vulgaris cells were extracted with different solvents like 
methanol, ethanol, chloroform and diethyl ether, and their antibacterial activity against 
gram negative and gram positive human pathogenic bacteria was also evaluated. In every 
respect, the sewage grown green microalgae recorded higher yield and exhibited potential 
antibacterial activity.
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compounds.24 Diatoms are also considered for the principal group 
contributing to primary production and carbon export in coastal areas, 
dinoflagellates are important contributors to biomass in stratified 
or silica-limited areas, and cyanobacteria are the dominant group 
in offshore continental shelf and oceanic waters.25 The chemical 
composition of microalgae may also vary widely due to differences 
of the methods of measurement used,26 the physiological state 
of the microalgae,27 as well as to the experimental conditions 
applied, like temperature,28 light intensity,29 and culture medium30 
especially in batch cultures. The production and accumulation of bio 
active components are of particular importance if the microalgae 
are cultivated either to feed marine animals or to produce specific 
valuable substances.31

Owing to their diverse chemical properties, they can be used as a 
nutritional supplement or either represents a source of natural food 
colorants. Some microalgae species are established in the skin care 
market, the main ones being Arthrospira spp. and Chlorella spp.32 
In view of the above, the present study was undertaken with the aim 
to evaluate the algal biomass production of Chlorella vulgaris in 
both BBM and sewage water, analysis of its growth performance, 
evaluation of carbon dioxide sequestration process, and finally 
estimated its biochemical composition and its antibacterial activity 
against an array of human pathogens.

Materials and methods
Isolation and identification of Microalgae

The water samples were collected during early morning from the 
Pichavaram Mangrove forest, South East Coast of India. The samples 
were collected aseptically, filtered with seawater and brought to the 
laboratory immediately then 10 mL were transferred to a 500 mL 
conical flask containing 200 mL of sterilized Bold’s Basal Medium 
(BBM)33 and incubated on a rotary shaker for three weeks at 27°C 
for 100 rpm under continuous illumination using white fluorescent 
light (maximum 2500 lux). At every two days interval, the flasks 
were examined for algal growth using optical microscope, with serial 
dilutions being made in BBM from those flasks that showed growth. 
Then, subcultures were made by inoculation of 50 μL culture solution 
onto Petri plates containing BBM and solidified with 1.5% (w/v) of 
bacteriological agar. These procedures were repeated for each of the 
original flasks. Then the Petri plates were incubated at 27°C under 
continuous illumination for two weeks. The purity of the cultures 
was confirmed by repeated plating and by regular observation under 
a microscope.34 The microscopic identification was done using 
botanical approaches35 and the microalgae were identified and 
authenticated based on a standard manual.36

Estimation of Biomass in BBM and Sewage water

Two strategies were developed for the assessment of the biomass 
production, using two different culture media. 1) Synthetic (BBM) 
and 2) Natural media - Sewage Water (SW). The SW (Municipal 
sewage) was collected at the Parangipettai of Portonovo, India, and 
the physico-chemical parameters were analyzed as follows. 10mL 
of Chlorella vulgaris were then inoculated in 1,000 mL of sterile 
BBM medium and also in sewage water. After the inoculation, 
cultivation of microalgae was checked for every 2-3 days. The BBM 
flasks were then incubated under stationary conditions at 27oC with a 
light intensity of 2,500 lux on a 12:12 light/dark cycle; while the SW 
inoculated flasks were kept under natural environmental conditions to 
avoid the common lab contaminations. The cultured flasks were then 

shaken three times a day manually and the process continued until 
the experiment ended. Every three days, the microalgae cells were 
harvested by centrifugation and washed twice with deionized water. 
Finally, the microalgal pellets were dried at 80°C for determining the 
dry and wet weight measurements.37 The experiments were carried 
out in triplicate and the average values were recorded to estimate the 
wet and dry biomass after 28 days.

Physico – chemical parameters

Determination of Dissolved Oxygen

Dissolved oxygen was calculated using the following formula38

Where

V1=Volume of Sodium Thiosulphate used

V2= Volume of sample taken

N = Normality of Sodium Thiosulphate

K = Volume of bottle /volume bottle-volume of reagent used

Determination of Biological Oxygen Demand

The Biological Oxygen Demand (BOD) was estimated using the 
methods proposed38

BOD can be calculated using the following formula:

BOD, mg/L= (D0-D5) x dilution factor

Where DO= Initial DO in the sample (mg/L); D5= DO after 5 days 
(mg/L)

Determination of Chemical Oxygen Demand

Chemical Oxygen Demand (COD)can be calculated using the 
formula38

Where a = ml of titre with sample, b = ml of titre with blank, FAS 
= Ferrous Ammonium Sulphate

Estimation of total solids

Total solids (TS) were determined as the residue after the 
evaporation of the unfiltered sample. For that purpose, 100 mL 
capacity evaporating dish was ignited at 550 ± 50ºC in a muffle 
furnace for about 1 hr then it was cooled down in a desiccators and 
weighed. Subsequently, 100mL unfiltered sample in the evaporating 
dish were evaporated on a water bath or a hot plate at 98o C. The 
residue was finally heated at 103-205oC in an oven for 1 hr and the 
final weight was taken after being cooled in a desiccators.

Total solids (TS) can be calculated using the formula38

Where A = final weight of the dish in gm, B = initial weight of the 
dish in gm, V = volume of the sample taken (mL).
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Estimation of Nitrogen content

Nitrogen was estimated by Microkjedhal method as described.39 
The total N was calculated by the following formula and the results 
were tabulated.

Determination of Total Biomass

On the last day of growth, the biomass obtained was harvested by 
flocculation using alum and followed by filtration and it was allowed 
to dry under room temperature. The weight of the Petriplates was 
calculated initially to avoid numerical errors. The filtered biomass was 
kept in sterile dried Petriplates which were weighed initially (fresh 
weight or wet biomass). Then, it was allowed to dry under sun light 
and the dried biomass in the Petriplate was weighed (dry weight). 
Finally, the total biomass could be calculated using the formula as 
follows40 Total biomass (g/L) = dry weight (g/L) - Initial weight (wet 
biomass (g/L))

Biochemical composition of dry biomass

Various biochemical parameters were analyzed like protein 
content,41 carbohydrate (CHO) analysis,42 chlorophyll,43 
carotenoids44 and Total lipid content by.45

Quantitative phytochemical analysis

The dry biomass of the sewage water cultured C.vulgaris was 
estimated for the quantitative phytochemicals analysis. Total phenolic 
content,46 total flavonoid content,47 quantification of alkaloid 
content48 and quantification of tannin content49 were measured.

Estimation of carbon content & Carbon dioxide 
fixation rate

Dried algal (0.2 mg) samples were placed in 500 ml conical 
flask and 10 ml of 1N potassium dichromate and 20 ml of Conc.
H2SO4 mixture was diluted with 200 ml of distilled water and 10 ml 
of hypophosphate (H3PO4) and 1 ml of diphenyl amine was added. 
Finally it was titrated against 4N Ferrous Ammonium Sulphate (FAS). 
The end point was the appearance of brilliant green colour. The carbon 
content was estimated using the following formula.

 A=3.951/g (1-T/S)

Where, A is carbon content, g is weight of the sample, T is FAS 
with blank (ml) and S is FAS with sample (ml). The amount of carbon 
dioxide fixation rate was estimated using formula.50

R CO2=Cc×µL (Mco2/Mc)

Where, R CO2 and μL are the CO2 fixation rate (g CO2 m-3 h-1) 
and the volumetric growth rate (g dry weight m-3 h-1) respectively 
in the linear growth phase. MCO2 and MC represented the molecular 
weights of CO2 and elemental carbon respectively, CC is average 
carbon content (algal dry weight/ g).

Elemental analysis

The filtered sample was collected and subjected to elemental 
analysis for Calcium (Ca), Potassium (K) and Sodium (Na). The 
estimation of calcium was determined by the method developed for 
Potassium,52 Sodium51 and the presence were finally measured in 
flame photometer.

Antimicrobial activity

A certain amount of dry biomass of Chlorella vulgaris was 
allowed to air dry at room temperature and then was pulverized using 
a blender. The powder obtained (5g) was placed in sterile tubes and 
extracted with different solvents like methanol, ethanol, chloroform 
and diethyl ether using a rotary evaporator at the temperature of 40oC 
for 12h. From the solvent extracts, 5 mL were isolated separately, 
allowed to dry at room temperature and weighed to estimate. The 
dry extracts were completely dissolved in 5 ml of 0.5% Tween 80 
and preserved at 5oC in airtight screw cap bottles until further use53 
for the respective antimicrobial studies. Dimethyl sulfoxide (DMSO) 
was mixed with double distilled water and served as control for all 
the plates. All the experiments were carried out in triplicates. The 
antimicrobial activity was carried out by using disc diffusion method 
(NCCLS, 1993), testing the microalgal extract effectiveness against 
gram negative pathogens viz. Klebsiella pneumoniae, Proteus 
mirabilis, Vibrio cholerae, Salmonella typhi, Escherichia coliand some 
gram positive bacteria including Staphylococcus aureus, Bacillus 
subtilis, Enterococcus sp., Clostridium botulini and Nocardia sp. 
The cultures were procured from Microbial Culture Maintenance 
Laboratory, Department of Medical Microbiology, Rajah Muthaiah 
Medical College, Annamalai University, Tamil Nadu, India.

Statistical analysis

All the experiments were carried out in triplicates and average 
values were recorded, expressed in Mean ± Standard Deviation (SD).

Physico - Chemical characteristics of Sewage Water 
(SW)

The physical and chemical components of the SW collected at 
Portonovo (Parangipettai, Tamil Nadu, India) were analyzed at the 
beginning and at the end. The values were recorded for various 
parameters like i.e. Total Solids (486 mg/L), Total Nitrogen (40.6 
mg/L), COD (74.8 mg/L), BOD (96.1mg/L) and Dissolved Oxygen 
(77.84 mg/L) were found higher (Table 1) and after 25 days they 
were reduced gradually. As the green microalgae utilizes almost all 
the parameters in natural conditions and final values are measured as 
Total Solids (287mg/L), Total Nitrogen (7 mg/L), COD (394 mg/L), 
BOD (119mg/L) and DO (120.68 mg/L).

Table 1 Physicochemical parameters of SW

Parameter
Initial concentration  
untreated sewage 
sample (mg/l)

Final concentration 
treated sewage 
sample (mg/l)

Total Solids 486 287
Total Nitrogen 40.6 7
COD 74.8 394
BOD 96.1 119
DO 77.84 120.68

Total Biomass estimation in BBM and SW medium

The total biomass of the green micro algae, Chlorella vulgaris was 
analyzed in both media and the wet & dry weight were calculated. 
The wet weight of the BBM was found to be 2.03g/L, whereas in the 
case of the SW it yields 3.61g/L. The dry weight of the BBM showed 
0.26g/L and 0.40g/L was recorded in SW (Table 2).

Biochemical and elemental analysis        

The essential components were analyzed and compared among 
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the dry biomass obtained from Chlorella vulgaris in the BBM and 
the Sewage Water, respectively. They were subjected to biochemical 
analysis and their composition was calculated and compared to check 
their yield. Comparing all the parameters except carbon content, it was 
found that the dry biomass from the sewage water showed satisfactory 
results in the protein content as (36.56 ± 1.28 mg/g), carbohydrates 
content (42.13 ± 0.85 mg/g), total chlorophyll (35.76 ± 0.61 mg/g), 
Carotenoids (32.14 ± 0.66 mg/g) in SW. The amount of carbon present 
in the dry biomass was calculated in SW (20.42 ± 0.33 mg/g), being 

higher under laboratory conditions than in the sewage water. Carbon 
fixation rate (RCO2) in the SW sample (25.88 ± 0.12 mg/g) followed 
by lipid content was found to be very similar in the BBM (28.20 ± 
0.89 mg/g), and the SW samples (28.68 ± 0.82 mg/g). The presence 
of calcium was found to be (24.64 ± 0.36 mg/g), Potassium (19.09 ± 
0.14 mg/g, Sodium (13.21 ± 0.18 mg/g), Nitrogen content 16.32 ± 
0.33 (Table 3) in the SW samples.

All the values are Mean ± Standard Deviations of three 
determinations.

Table 2 Estimation of total Biomass in BBM and SW

Algae BBM medium at laboratory condition (G/L) SW at outdoor condition (G/L)

Chlorella vulgaris
Wet wt Dry wt Wet wt Dry wt
2.034 0.268 3.615 0.402

Table 3 Biochemical and elemental analysis of green algae, Chlorella vulgaris

S.No Biochemical Composition Concentration (mg/g) on Dry Biomass 
in BBM Medium

Concentration (mg/g) on Dry Biomass 
in SW Medium

1 Protein 34.56 ± 1.33 36.56 ± 1.28
2 Carbohydrate 41.09 ± 0.92 42.13 ± 0.85
3 Total chlorophyll 32.76 ± 0.78 35.76 ± 0.61
4 Carotenoids 29.63 ± 0.79 32.14 ± 0.66
5 Carbon 21.73 ± 0.21 20.42 ± 0.33
6 Carbon fixation rate (CO2) 26.03 ± 0.08 25.88 ± 0.12
7 Lipids 28.20 ± 0.89 28.68 ± 0.82
8 Calcium 21.03 ± 0.43 24.64 ± 0.36
9 Potassium 18.92 ± 0.17 19.09 ± 0.14
10 Sodium 13.08 ± 0.21 13.21 ± 0.18
11 Nitrogen 15.61 ± 0.73 16.32 ± 0.33

Screening of Phytochemicals

Phytochemical were screened by using four solvents viz. ethanol, 
methanol, chloroform and diethyl ether for their potential activities. In 
ethanol extracts, all the Phytochemical failed to exhibit such activities 
(Table 4). Flavonoids, terpenes and alkaloids were noticed while other 
Phytochemical were not found in the solvent screening. In methanol 
and chloroform extracts the flavonoids were present in higher quantity, 
whereas in the diethyl ether extracts were noticed at trace levels. 
Moderate amount of terpenes and carbohydrate were noticed and 
alkaloids were also found at traces levels in the methanolic extracts. 
Traces of alkaloid were also noticed in the diethyl extracts.

Antibacterial activity of crude extracts

The methanolic, ethanolic, chloroform and diethyl ether extracts 
were tested for antibacterial activity against gram negative and 
positive human pathogens. As for the C. vulgaris solvent extraction, 
the maximum zone recorded for S.typhi was about 9 mm in gram 
negative bacteria followed by 7 mm for K.pneumoniae of diethyl 
ether extract; the pathogen P.mirabilis showed a 6 mm zone in 
methanolic extracts; V.cholerae in chloroform extract showed an 8 
mm zone whereas E.coli showed a maximum zone of 6 mm in the 
ethanol & methanol extracts. In C vulgaris solvent extraction, the 
maximum zone was recorded for the gram positive bacteria, Bacillus 
subtilis of about 9 mm (Table 5) followed by 8 mm in Staphylococcus 
aureus in the ethanol extract; the pathogen Enterococcus sp showed 
a 7 mm zone in the methanolic extracts, Clostridium botuliniin the 
ethanol extract showed a 6 mm zone and finally Nocardia sp showed 
a maximum zone of 3 mm in the chloroform extract.

Discussion
According to our result, Chlorella vulgaris fixing higher 

level of CO2 from sewage indicated that this organism could be 
suggested as the best microalgae for CO2 sequestration. Under 
waste water stabilization conditions, the algae produced the higher 
levels of oxygen as a by- product of photosynthesis. From the 
present study, the carbon fixation rate was found higher in the 
BBM medium i.e. (26.03 ± 0.08 mg/g) and in SW it showed (25.88 
± 0.12 mg/g). This oxygen is used by the bacteria as they bio-
oxidize the organic compounds present in the waste water. The 
end product, CO2 is fixed into cell as an organic compound by the 
algae during photosynthesis54,55 reported that the batch cultures 
of C. vulgaris grown in the BG 11 (Blue Green Medium), reached a 
maximum chlorophyll a concentration of 5µg/ mL-1 approximately 
within the first 10 days. The increase in CO2 sequestration is very 
efficient by maneuvering chemically aided biological sequestration 
of CO2. Chlorella sp. and Spirulina platensis showed 46% and 39% 
mean fixation efficiency, respectively, at input CO2 concentration 
of 10%. The effect of acetazolamide, a potent carbonic anhydrase 
inhibitor, on CO2 sequestration efficiency was studied to demonstrate 
the role of carbonic anhydrase in calcite deposition.56 In the present 
study, total chlorophyll amount was analyzed in the Sewage Water 
inoculated with C.vulgaris showing a value of (35.76 ± 0.61mg/g) 
after 25 days of culture period.

The highest dry weight (16.82 pg.cell-1) concentration achieved 
using LC Oligo (lowest in Chu medium) can be due to its composition, 
as this medium had the highest N and P concentrations. Similar to the 
present study, the dry biomass from the SW was found to be 0.402gL-
1.30 Obtained a dry weight production of about 50 µg.mL-1 during 
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the exponential phase of C. vulgaris grown at 0.036% CO2 and 30°C, 
which falls within the values (13-54 µg.mL-1). A possible explanation 
for this trend results from the consumption of internal pools of 
inorganic nitrogen, presumably created due to the luxuriant uptake of 
nitrate.57 Large pools of nitrate, nitrite and ammonia/ammonium are 
accumulated in cell vacuoles during the exponential growth of batch 
cultures run with sufficiency in nitrate.58 The protein production of 
50% (7.0 mgL-1) in the Chu (Culture medium) and 6.8 mg.L-1 in 
the MWC media (Modified WC Medium) were higher than those 
obtained in other studies, but similar to the results.59 The highest 
carbohydrates production by C.vulgaris under the present study 
conditions was obtained in the LC Oligo cultures (7.36 µg.mL-1) 
but, the SW proves to be suitable for CHO production (42.13 ± 0.85 

mg/g). In Chlorella sp., increments of the carbohydrate content from 
the exponential to the stationary growth phase were more intense than 
in N. oculata, with a peak concentration of 54.5% of the dry matter 
(d.m.) in the N –experiment.19 Reported that for semi-continuous 
grown cells, once appropriate culture conditions are reached a high 
productivity can be sustained for long periods of time. The biomass 
of microalgae obtained will show constant biochemical composition 
that can be further controlled by manipulating environmental/culture 
parameters in order to increase its nutritive value.60 In the present 
experiment, under autotrophic conditions the healthy growth was 
noticed in the SW and it is usually above 90% of the total lipids while 
under heterotrophic, the value of healthy growth is found lower.61

Table 4 Screening the phytochemicals of different solvent extract from Chlorella vulgaris

Name of the species Extracts Phenolic Tannins Flavonoids Terpenes Terpenoids Alkaloid Saponins

Chlorella vulgaris

Ethanol - - - - - - -
Methanol + - +++ ++ - + -
Chloroform - - +++ - - + -
Diethylether - - + - - + -

Present in High amount (+++), Moderate amount (++), trace amount (+) and absent (-).

Table 5 Antibacterial activity of various extracts in Chlorella vulgaris

S.No Name of the Bacterial 
Strains

Concentration/Zone of Inhibition (mm)
Ethanol 
Extract

Methanol 
Extract

Chloroform  
Extract

Diethyl Ether  
Extract +Ve -Ve

1 K.pneumoniae 7.0±0.5 6.0±0.3 7.0±0.4 5.0±0.5 16.0±0.2 -
2 P. mirabilis 5.0±0.6 6.0±0.5 - 8.0±0.5 14.0±0.9 -
3 V. cholera - 2.0±0.1 8.0±0.5 - 15.0±0.1 -
4 S. typhi 9.0±0.7 4.0±0.1 3.0±0.1 - 18.0±0.11 -
5 E. coli 8.0±0.6 8.0±0.5 - 5.0±0.6 21.0±0.03 -
6 S.aureus 8.0±0.4 7.0±0.5 7.0±0.4 3.0±0.1 17.0±0.8 -
7 B. subtilis 9.0±0.5 2.0±0.2 6.0±0.6 3.0±0.1 22.0±0.1 -
8 Enterococcus sp 7.0±0.3 8.0±0.5 8.0±0.4 4.0±0.4 17.0±0.02 -
9 C. botulini 6.0±0.7 - 4.0±0.5 - 15.0±0.07 -
10 Nocardia sp - - 3.0±0.1 - 11.0±0.6 -

The maximum growth rate was achieved by the marine green 
micro algae C. vulgaris at the 25th day with no decline phase during 
the study period. A common feature of the biomass of the algal species 
currently produced commercially (i.e. Chlorella sp, Spirulina sp 
and Dunaliella sp) that grow in open air cultures and still remain 
relatively free from contamination by other algae. The present study 
revealed that during the cultivation period the main part of the organic 
pollutants were consumed by the algae; - the total nitrogen was highly 
up taken by C. vulgaris (80%). The level of BOD was reduced in the 
BBM and found higher in the sewage water. Compared to the results 
of other works, the removal of total nitrogen from sewage was found 
better in the present study.62

S. typhi is a gram negative rod shaped bacteria; causative agent 
for enteric fever, sepsis and infectious diarrhea in human beings. 
The ethanolic extracts of C.vulgaris showed an antibacterial 
activity against the pathogen S. typhi and hence, it should be 
recommended as an additive to the available drugs, and there for 
the extracts of C.vulgaris could be used against the enteric fever, 
septis and infectious diarrhea or gastroenteritis. The antimicrobial 
property of C.vulgaris were found to control the three gram-positive 
bacterias like Staphylococcus aureus ATCC 25923, Streptococcus 
pyogenes ATCC 12344, Enterococcus faecalis ATCC 29212, and two 
gram-negative bacteria were Pseudomonas aeruginosa ATCC 29212 
and Escherichia coli ATCC 11230.63

It is also suggested that the extracts of C.vulgaris may be used 
to treat urinary tract infections, diarrhea, pyogenic infections 
and septicemia. The ethanol extract of C.vulgaris alsoshowed an 
antibacterial activity against B.subtilis. Hence, the extract can be 
suggested to treat infections like those produced by Bacillus subtilis, S. 
typhi and for others. Generally, C.vulgaris extracts were found to be 
effective against only two pathogens and the antibacterial activities 
were responds in a dose dependent manner. The previous results are 
in accordance with the present findings.64

From this study, the phytochemical also revealed that the presence 
of metabolites like flavonoids, terpenes and carbohydrates might be 
responsible for the antibacterial activity of these extracts against these 
types of pathogenic bacteria. However, more research is needed in 
this particular aspect to prove the benefits of the traditional methods 
by using materials from autotrophic organisms instead of those 
from synthetic drugs to cure diseases caused by bacteria. Hence, 
from the present study it is revealed that the presence of competent 
antibacterial compounds in the marine algae has been assessed. From 
this, wastewater may prove as a potential sustainable growth medium 
for algae feedstock, which corresponds with a wide range of studies 
which have also reported microalgal growth in wastewaters including 
municipal sewage wastewater and agricultural manure wastewater.65
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Further research is under trail in nursery fields, to check the efficacy 
of dried biomass obtained from Sewage water for the production of 
beneficial plant crops. Form our results, it is suggested that the algal 
dried biomass can be used to treat human pathogens, effluent water 
purifying systems and beneficial cost effects for large scale effective 
production.

Conclusion
The study clearly shows that the sewage water is very effective 

for the fast growth of microalgae compared to BBM. The biomass 
production also found to be good and the production cost is very 
cheap, when compared to synthetic media used. Compared to synthetic 
media, green marine micro algae show a higher biomass yield cultured 
in sewage under outdoor environmental condition as they can grow 
effectively in nutrient-rich environments and efficiently accumulate 
nutrients and metals from the wastewater. In addition to that, further 
research is needed in order to increase the lipid concentration for the 
enhancement and production of high nutritional value added products 
and for the production of a better and cheaper, bio diesel.
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