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Abstract 

Microalgae have received a lot of focus as an alternative biomass source for renewable energy to 

overcome the energy crises including exhaustion of fuel reserves. However, algal biofuel 

technology demands a cost effective strategy for a net profitable productivity. In our study an 

attempt was made to use low cost animal waste as supplement media to grow Chlorella sp. 

Among the extracts used, Goat waste extract (GW) generated maximum biomass of 3.5g/l 

however the lipid content was compromised to 5-7%. The cow waste (CW) extract which 

demonstrated lowest biomass density could enhance the lipid content upto 32% of dry biomass 

weight in the tested 10% formulation compared to the 10% lipid produced by artificial media. 

India being an agriculture dominated country; our studies could promote the use of such low cost 

media for a more competitive and economical biofuel production.  
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INTRODUCTION  

 

 Owing to the rapid industrialization in the recent decade; energy crises, climate change and 

environmental pollution seem to be the rising threats that have encouraged the use of alternative 

energy sources for sustainable development throughout the world. One such energy crises is the 

rapidly exhausting conventional fossil based fuels. The fast diminishing fossil fuel reserves and 

rising crude oil prices provokes researchers to emerge with strategies that could maintain 

environmental health along with industrial progress.  

 

Biomass based fuels while providing clean energy, also help in the mitigation of greenhouse 

gases (GHGs) and aptly have become the centre of focus lately (Mahapatra and Ramachandra, 

2013). Microalgae, particularly the Chlorophycea (green algae), the aquatic relatives of land 

plants, are photosynthetic microorganisms that flourish abundantly upon access to sufficient 

light, CO2 and nutrients. Because of their photosynthetic efficiency, faster growth rate and high 
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biomass production compared to other oil-crops, these micro-factories offer great potential as a 

sustainable feedstock for the production of third generation biofuels. Many microalgae are rich in 

oil (lipid, hydrocarbon and other complexed oils) which can be converted to biodiesel. Reports 

state that the average oil content varies from 10-70% but under stress conditions most algal 

species can achieve dry matter lipid content up to 90% (Widjaja et al., 2009). Studies also reveal 

that algal species like Chlorella sp. and Scenedesmus sp. have higher growth rates, while 

Botryococcus brauni and Dunaliella tertiolecta are efficient in storing lipids in the form of 

triacylglycerides (TAGs) ( Yujie et al., 2011; Li et al 2005). 

 

Algae grow in various aquatic environments, such as fresh, brackish and marine water, municipal 

wastewaters, industrial wastewaters, aquaculture wastewaters, animal wastewaters and domestic 

wastewaters provided there are adequate amounts of nutrients (Mobin and Alam, 2014). The 

disposal of animal and agricultural waste pollutes surface and groundwater, etc. causes 

eutrophication of the water bodies. The most tolerant eight genera that could thrive in such 

conditions were found to be Euglena, Oscillatoria, Chlamydomonas, Scenedesmus, Chlorella, 

Nitzschia, Navicula and Stigeoclonium (Palmer, 1969). 

 

Hence, attributing to the growth of algal blooms in adverse conditions, renewable energy 

products from microalgae can be more environmentally sustainable, cost effective and more 

profitable if combined with processes such as waste management and its utilization. However, 

currently there are no commercial algae-to-fuels technologies that can overcome the techno-

economic barriers (Mahapatra and Ramachandra, 2013). Nevertheless, pairing biomass 

cultivation with wastewater treatment is considered as one of the most promising strategies to 

produce biobased by-products in an economically viable and environmentally friendly way.  

 

A number of microalgal strains including Ourococcus multisporus, Nitzschia cf. pusilla, 

Chlamydomonas mexicana, Scenedesmus obliquus, Chlorella vulgaris, Chlorella zofingiensis, 

and Micractinium reisseri had been used to treat municipal wastewater treatment effluents, 

livestock wastewater, agroindustrial wastewater and industrial wastewater (Hasan et al., 2014).  

Analysis of mineral composition shows that animal manure wastewater appears to be a suitable 

medium compared to several classic mass culture media for the growth of microalgae. However, 

some major issues when animal manure wastewater was used for algae cultivation, could be high 

turbidity due which would affect light penetration , high ammonia concentration that could 

inhibit algal growth, a large quantity of freshwater for dilution and high performance algae 

strains adapted to such adverse media (Mobin and Alam, 2014) 

 

Screening of efficient algal species is necessary for assessing the biofuel prospects of algae. The 

local/indigenous algal species flourishing in the wastewater conditions with richness of N and P 

would be more favorable than the commercially available strains which have a narrow range of 
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tolerance. The algae isolated from local sources could easily acclimatize to the wastewater and 

grow profusely. 

 

Currently, an efficient ecological design to apply technologies and innovative solutions for the 

management and utilizations of algal bioresource for biofuels has not yet been presented. Though 

a number of media formulations have been proposed for cultivation of microalgae using refined 

and expensive chemicals based upon analysis of their natural habitat, supply of nutrients involves 

high cost inputs eventually lowering the net production benefit (Sharma et al., 2011). Thus, for 

biodiesel to become the alternative fuel of choice, it requires an enormous quantity of cheap 

biomass feedstock to achieve the price and scale of production needed to compete with or 

replace the dwindling petroleum supplies. Hence in the present study we used natural waste 

medium to imitate a natural system for algal growth and lipid accumulation. Therefore, the 

purpose of the study was to assess the effect of a naturally formulated medium on the algal 

cultures.  

 

 

MATERIAL AND METHOD 

 

1 Algal sampling / Collection: 

Microalgal sampling was carried out from the industrial effluent of Baikampady Industrial area, 

Mangalore, Karnataka. Samples were collected during the mid-day expecting algal densities to 

be maximal at high photosynthetic period of autotrophs. 

 

2 Isolation and maintenance of cultures: 

Water samples (200 ml) containing algae were centrifuged (5000 rpm) washed with deionized 

water. The samples were then serially diluted and spread over nutrient agar plates to obtain 

single colonies. Thereafter, they were inoculated in 250 ml Erlenmeyer flasks containing 100ml 

half strength Bold’s Basal medium, incubated at 25 ±2°C under cool white fluorescent light (~ 

2000 lux) and a light to dark period of 16:8 h.  

The monoculture isolates were identified using optical microscope as green alga Chlorella sp. 

using morphological characteristics. The cultures were grown in flasks and the growth pattern 

showed that the exponential phase was reached within 20-25 days. The culture with an optical 

density of 0.8-1.0 at 600nm was used as inoculum for the experiment. 

 

3 Media preparation:  

Dried animal dung waste (Cow, Goat) were obtained from a farmhouse near Mangalore, 

Dakshina Kannada, Karnataka. The dung was further sundried and processed as per Agwa et al., 

2012. 100g of each kind of dried waste powder was suspended in 1L sterile distilled water and 

allowed to settle. The supernatant was filtered 4-5 times using Whatman filter paper until all the 

debris was removed. A pale to dark colored extract was obtained from each of the animal wastes. 
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Each extract was diluted to prepare a final 3% (w/v) stock. This stock was further used to prepare 

different media formulations diluted with sterilized ground water as a natural media source. 

Working media solutions of 10, 20, 30, 40% were prepared with each of the extract.  

 

 

 

4 Culture conditions: 

All the glassware used in the experiment was sterilized with dry heat in an oven at 80°C for 

overnight. Experiments were carried out in batch culture in 250 ml culture bottles with initial 

inoculums of 10% (v/v), O.D of 0.8 at 600nm. Bold’s Basal Media was inoculated with same 

inoculums as positive control. The cultures were maintained at 30 ± 2°C under natural 

illumination (4000 lux) for a period of 30 days (stationary phase). The cultures were agitated 

twice a day at 120rpm to prevent cell sticking and hasten growth. All experiments were 

conducted in triplicates and the data is presented as Mean ± SD.  

 

5 Algal growth analyses 

The analyses of algal growth parameters i.e., pH, electric conductivity (EC) (Table no.2), optical 

density (OD) were measured at zeroth day and at the end of the experimental period (stationary 

phase). Cultures concentration was determined as optical density (OD) by Thermo-Scientific UV 

spectrophotometer at 600nm while pH and Electric conductivity (EC) were measured by 

Systronics water analyzer 371. Upon the stationary phase the cultures were centrifuged at 

10,000rpm to obtain the biomass. 

 

6 Lipid extractions  

The total lipids content was determined according to Bligh and Dyer, 1959. Algal cells were 

harvested by centrifugation at 10,000 rpm, 4°C for 10 min. The supernatant was decanted and the 

cell pellets were washed with distilled water. Heat shock followed by ultra-sonication (frequency 

35 kHz) for 30 min in continuous mode at 25°C was used for cell disruption. The lipids were 

extracted with chloroform–methanol (2: 1, v/v) and further separated into chloroform and 

aqueous methanol layers by the addition of methanol and water. The chloroform layer was 

carefully withdrawn and introduced in a pre-weighed vial and evaporated at a temperature of 

60°C to concentrate the lipids. The lipid dry weight was measured gravimetrically and calculated 

as % lipid content (g/g of biomass). 

 

7 Spectral signatures by ATR–FTIR  

The extracted lipids were analyzed for the presence of different types of functional groups with 

attenuated total reflectance (ATR) using an ATR–FTIR spectroscope (Shimadzu corporation, IR 

solution- Prestige-21) in the absorbance mode (range 4000 - 400 cm−1 wave numbers) with 20 

scans at a scanning rate of 4 and a spatial resolution of 1cm−1.  
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8 Statistical analysis 

All experiments were carried in triplicates. Mean and standard deviations were calculated from 

the experimental data.  

 

 

 

 

RESULTS AND DISCUSSION: 

 

The average pH range that supported the growth of algae was 9.67 – 9.79. The highest growth 

was observed in the culture with pH value of 9.71 in GW 40% media where the culture grew 

exponentially from 0th – 15th day. The increase in the pH during the culturing period created a 

favorable growth surrounding for the algae. Though the initial pH (6.7 ± 0.1) was slightly acidic 

in CW media, a shift to alkaline pH (9.75 ± 0.2) within 15 days could promote the algal growth. 

In a batch system, a change in pH towards alkaline nature is greatly due to CO2 assimilation 

during photosynthesis and/or depletion of nutrients. As seen in the below figure 3.1, though 

minimum pH increase (< 1.5) was observed in 40% GW formulation, this media could increase 

the algal growth by 0.06 units higher than the control.  

 
 

Figure 3.1: Graph depicting increase in pH from the zeroth day to the end of the culture period in 

CW, GW extract media and control (BBM) 
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Figure 3.2: Growth pattern of Chlorella sp. grown in Cow dung waste [a] and Goat waste [b] 

media formulation for a culture period of 30 days 

 

The algal growth pattern in all the formulated natural media lacked a distinct lag phase which 

depicts the potential of wastewaters as an effective cheap approach in the experiment. As seen in 

Figure 3.2 GW 40% formulation could multiply algal growth even better than the artificial BBM 

(Control). In all the treatments the stationary phase could be reached within 20 days with 

maximum optical density (0.45) observed in 40% GW media. The exponentially rising pattern of 

40% GW shows the richness of nutrients available as a cheap source for biomass upscale. 

Domestic and animal spent waste waters loaded with nitrates and phosphates in different forms 

are inevitable factors of growth mechanisms in living cells.  

 
           

Figure 3.3: Biomass dry weight (g/l) of Chlorella sp. grown under different media formulations 

harvested after a culture period of 30 days. 

 

The results of biomass dry weight estimation portray the influence of richly present inorganic 

components in natural media that enhance the biomass productivity of the Chlorella culture. 

Maximum biomass was seen in the highest concentration for both the treatment sets. Moreover, 

40% formulation of CW and GW produced 0.9 and 1.64 g/l higher biomass dry weight than the 

Control.  The biomass obtained in CW is similar to results obtained by Bradford et al, 2008 

where Cattle wastewater was used to grow algae at lab scale. In another study high biomass 

a b 
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productivity was recorded when 50% Palm oil mill effluent concentration supported by 1g/l urea 

as nitrogen source was used for algal growth (Hadiyantho et al., 2012).  

In a comparative study of lipid content and biomass productivities of different marine and 

freshwater microalgae species Chlorella sp. generally were found to accumulate about 10-48% 

lipid (g/g) (Mata et al., 2010). In the present study, though biomass productivity was enhanced at 

higher concentrations of the waste extracts, lipid accumulation was seen in cultures grown in low 

concentration (10 %). The results could be attributed to the induction of stress since there seemed 

to have been scarcity of nutrients. In such nutrient stress conditions the algal cells are known to 

store energy in the form of triacylglycerides (TAGs). As seen in Figure 3.3, the maximum lipid 

content of 32% was obtained in 10% CW followed by 24 % ( g/g) in 10% GW formulation 

which is higher by 3 times and 2.5 times than that of the control medium.  

 
Figure 3.4: Lipid content (%w/w) extracted from Chlorella sp. grown under different media 

formulations harvested after a culture period of 30 days. 

Several researchers claim that, Chlorella sp cultivated in wastewater has different lipid content 

than the conventionally grown cultures. Agwa et al (2012) stated that highest lipid content 

(11.19%) was recorded from poultry waste followed by cow dung waste 6.60%; pig waste 3.38% 

and goat waste 2.60%, respectively. Another study where-in dairy waste water was used a 

maximum of 30% lipid content was obtained (Woertz et al., 2009). Studies carried out to assess 

the bioremediation properties of three Chlorella strains using swine spent waste demonstrated 

maximum biomass and lipid content of 1.25g/l and 21.7% respectively (Hasan et al., 2014). The 

results of the present study demonstrate the potential use of animal waste extracts for the 

upscaling and lipid accumulation in algae for large scale biofuel production. 
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Figure 3.5: FTIR scans of extracted lipids from cultures grown in Control, formulated media and 

olive oil as standard in the absorbance mode (range 4000 - 400 cm−1) 

 

The ATR-FTIR spectra showed six distinct absorption bands that revealed presence of functional 

groups such as -CH2, C=O, C-O-C characteristic of C- H stretching vibrations (fig 3.5). Band 

assignment (Table 3.1) was done following published literature.  Peaks at ~1741cm-1 was 

important for the study. Similar trend was observed in all the scans except the distinct aromatic 

bending peak (~755cm-1) in GW associated lipids.  

 

CONCLUSION 

The attempt to use low cost media resulted in the attainment of biomass of 2.5 -3.5g/l in Goat 

waste media formulations while low concentration Cow waste media formulation could enhance 

the lipid content to about 3 times than artificial media. The conditions that promote high 

productivity and exponential growth (nutrient adequacy) and those used to induce lipid 

accumulation (nutrient scarcity) are mutually exclusive. Nevertheless, the research not only 

provided a proof-of-concept for a wastewater integrated biofuel production process but also 

highlights the possibilities of reducing the overall cost of production of algal biofuels using 

locally formulated natural wastewater sources.   
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