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Abstract 
Increasing energy demand and consumption leading to early fossil fuels depletion and 

severe energy crises along with environmental hazards. Biofuels could be the only 

possible sustainable alternative energy approach. Microalgae being third generation 

feedstock seems to be an attractive source for biofuels production as it can accumulate 

high amount of lipids and carbohydrates content in its biomass. The current study was 

primarily focused on evaluation of indigenous microalgae for bioethanol and biodiesel 

production. 5 microalgal strains were isolated from local fresh water samples and 

MSB strain with highest growth rate, biomass productivity, total carbohydrates and 

sugars content of 0.175~/day, O.l87gL-1 day-I, 2.23% and 3.14% respectively, was 

selected for further its optimization and bioethanol production. Effect of four different 

parameters was observed on MSB strain, and highest growth rate and biomass 

productivity was achieved at pH 7 when urea used as nitrogen source with proper 

aeration and 24 h continuous light supply. Highest biomass production of 1.75g1L was 

noticed on average temperature of 29°C in the month of August. In optimized 

conditions strain was observed with increase in total carbohydrates, sugars and lipids 

content up to 8% ,7.5% and 19.6% respectively and after 11 days nitrogen starvation 

these concentrations further increased up to 10%, 9% and 22.1 % accordingly. Dried 

biomass was pre-treated with dilute acid hydrolysis and maximum sugars extraction 

was achieved when treated 5g1L biomass with 1% concentrated Sulfuric acid. 

Bioethanol was produced from extracted sugars hydrolysate in 72 h yeast based 

fermentation and its production was indicated by yeast culture growth along with gas 

collection in sample reactor. GC-MS was performed for bioethanol yield and quality 

evaluation (results are awaiting). FTIR analysis was performed for biodiesel 

production confirmation and C=O of ester stretch was observed at 1734.20 and 

1740.93 in microalgae oil while this stretch was located at 1742.14 in biodiesel. C-O 

of ester stretch in microalgal oil spectra was observed at 1160.90 while it was existed 

at 1107.96, 1157.20, 1193.71 in biodiesel spectra and presence of these ester groups 

indicated the biodiesel production from algal oil. With respect to this study it can be 

concluded that indigenous microalgae can be effectively optimized for enhanced 

biofuels production. 

-
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Chapter# 1 Introduction 

Primary energy consumption and emerging energy demands are directly proportional 

to the alarming increase in the world population, urbanization and industrialization. 

This extended commercialization resulting in excessive energy consumption leading 

to early fossil fuels depletion and severe energy crises as well as drastically increased 

prices of petroleum-based fuels. Another key disadvantage linked to extensive fossil 

fuels consumption is the environmental hazards concerns including global warming 

by high carbon dioxide (C02) emission to the atmosphere together with other factors 

like air pollution, acid precipitation, forest destruction, ozone depletion and 

radioactive substances emission. Keeping in view all the above discussed energy 

production and consumption scenario, production of alternative, efficient, sustainable, 

eco-friendly and cost-effective fuel is needed as a suitable alternate energy source 

termed as biofuels. (Gupta and Tuohy., 2013; Nigam and Singh., 2010). 

Pakistan being an over populated and underdeveloped country, inhabited with above 

190 million population by 2014 (Shakeel et at., 2016). By the end of2050, three-fold 

increase in energy demand is predicted whereas, our oil and gas reserves are 

exhausting within duration of 10 and 19 years respectively (Rafique and Rehman., 

2017). On the other hand, fossil fuels import accounts for about 60% of Pakistan's 

overall foreign exchange (Khan and Pervaiz., 2013). Based on environmental 

concerns, alarming increase in C02, NOx and S02 emissions is currently the most 

highlighted issue in Pakistan. With renewable energy applications, these emissions are 

predicted to be reduced by 50% (C02), 61% (NOx) and 60% (S02) accordingly 

(Shakeel et at., 2016). To fill the gap between national energy demand and supply, 

attentions are needed to be triggered towards the exploration, development and 

establishment of sustainable energy source (Rafique and Rehman., 2017). 

Renewable energy can be a solution for all energy crisis in Pakistan, as it is self

sufficient in crops and agricultural residues, as well as holds approximately 

800,000 km2 area with plenty of water, wind and sunshine that could be utilized 

effectively for energy production (Shakeel et at., 2016). Strategically important 

emerging alternative sustainable energy sources includes biofuels, hydrogen, natural 

gas and syngas. However, among all these alternative fuel sources, presently biofuels 

are gaining much attention because of their eco-friendly nature with respect to global 

warming, their biodegradability, renewability and acceptable emission of exhaust 
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gases. Biomass derived solid, liquid, or gas fuels are referred as biofuels and broadly 

classified into two categories primary and secondary biofuels. Unprocessed biomass 

with their native chemical structures used in their natural form are considered as 

Primary biofuels. It includes firewood, wood chips and pellets and generally used as 

heating or cooking fuel and electricity generation at small and large-scale. But when 

primary fuels are modified into solids like charcoal, liquids e.g. Biodiesel, bioethanol 

and bio-oil and gaseous forms like synthesis gas, biogas and hydrogen, these fuels are 

referred as Secondary fuels. They are having wide range of applications, including 

power generation, transportation and use in large-scale industrial processes (Nigam 

and Singh., 2011). 

Biofuels are classified as first, second and third-generation biofuels based upon raw 

material and their production technologies being used. Fuels derived from food and 

oil crops like sugarcane, sugar beet, vegetables oils and animal fats are considered as 

first-generation biofuels. While second-generation biofuels are generally derived from 

non-edible and non-food crops like jatropha and miscanthus, agricultural residue and 

wood processing residues (Milano et ai., 2016). They are having reduced environment 

impact as compared to first generation biofuels, as they do not directly compete with 

arable land. However, the conversion processes are not yet economically feasible due 

to their low conversion rates (Adenle et ai., 2013). Microalgae derived fuel are 

recognised as third generation biofuels. They are having large-scale production 

capabilities and supposed to be the only possible feedstock that can replace the fossil 

fuel completely (Ziolkowska and Simon., 2014). 

Algae being third generation biomass seems to be an attractive substitute renewable 

source for biofuels production (Menetrez., 2012), as it can overcome the sustainability 

issue mainly linked to first generation feedstocks including food crops security 

(D~bowski et ai., 2013; Rajkumar et ai., 2013). Being more photosynthetically active, 

algal biomass is having5-10 times higher productivity rate than second-generation 

feedstocks e.g. land-based plants, (Chen et ai., 2013). Along with this micro algal pre

treatments and enzymatic hydrolysis is much easier as compared to lignocellulosic 

materials as it lacks lignin thus making the process beneficial for ethanol production. 

It can be intensively cultivated in photobioreactors or open pond with nutrients and 

C02 availability and capable of surviving in harsh conditions, thus demonstrating 
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itself to be considered as the cheapest feedstock for biofuel production (Milano et al., 

2016). The biomass processing of algae is relevant to other lipid-based feed stocks 

and its carbohydrates content could be proficiently fermented into bioethanol (Bibi et 

al., 2017). 

Indigenous microalgal strains can be preferred for fuel production because of their 

better compliance to native environmental conditions. These strains can be collected 

from ocean, lakes, pond, river, soil, rocks and extreme conditions like ice-lakes, hot 

spring lakes, brine environment and nuclear reactors (Ghosh et al., 2016). Photo

bioreactors (PBR), open ponds system (OPR)and hybrid systems are normally used in 

microalgae cultivation in laboratory. Factors effecting micro algal growth includes 

water availability, nutrients concentration, light intensity, C02 supply, temperature 

and pH (Jankowska et al., 2017). Eco-friendly attitude, greater lipids and 

carbohydrates storage, maximum biomass yield and cheaper substrates requirements 

e.g. wastewater are main features making micro algae an attractive feedstock for 

biofuel production (Gill et al., 2016). 

Key challenge occurs in microalgal downstream-processing is its biomass harvesting 

from growth medium and accounts for almost 20-30% of total production cost. 

Holding a cell size of about 2-20~m, microalgae gets colloidal stability and remain in 

suspension form, thus making the separation process more critical. To expand overall 

microalgae biomass production, an efficacious harvesting approach with minimal 

energy and cost consumption is needed (Vandamme et al., 2013; Wan et al., 2015). 

Generally applicable microalgal biomass harvesting techniques incorporates as 

centrifugation, gravity sedimentation, flocculation, filtration and screening, flotation 

and electrophoresis techniques. Appropriate technique selection is based upon cellular 

properties like density, size and preferred product's worth (Pragya et aI., 2013). 

Bioethanol is ecologically sustainable and mainly a renewable biofuel. In altered 

spark-ignition engines either ethanol can be used as blend with petrol or burned in its 

pure form. As compared to petrol, ethanol contains just traces of Sulphur therefore, 

ethanol-petrol blends can reduce the Sulphur oxide emissions which is carcinogenic 

and responsible for acid rain (Nigam and Singh., 2011). Carbohydrates are stored in 

microalgal cells in the form of cellulose, starch and glycogen. Cell wall embedded 

cellulose and cellular starch content makes algae a suitable feedstock for bioethanol 
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production (de Farias Silva and Bertucco., 2016). During hydrolysis, in optimized 

conditions cell wall embedded carbohydrates are released into hydrolysate and then 

broken down into fermentable sugars in the step of saccharification (Haron et al., 

2014). Hydrolysis or pre-treatment is generally classified into physical, chemical and 

enzymatic approaches (Daroch, et al., 2013). Most commonly used method for 

polysaccharides hydrolysis is chemical method while, enzymatic hydrolysis is a latest 

efficient approach (Jambo et al., 2016). 

By the action of certain microorganisms like yeast, bacteria and fungi, fermentable 

sugars extracted through saccharification are converted into bioethanol and some 

other products (Wei et al., 2013). Bioethanol productivity mainly depends upon pre

treatment conditions of biomass (Daroch et a!., 2013). For bioethanol fermentation, 

commonly used microorganisms embrace the specie of bacterial genus Zymomonas 

and yeasts like Saccharomyces (de Farias Silva and Bertucco., 2016). Two renowned 

latest fermentation techniques are known as simultaneous saccharification and 

fermentation (SSF) and Separated hydrolysis and fermentation (SHF). These 

techniques are responsible for economically suitable and better production rate of 

bioethanol as compared to simple fermentation process (Jambo et al., 2016). 

Biodiesel is a blend of mono-alkyl esters of long chain unsaturated fats (FAME) and 

comprised of 90-98% by weight triglycerides, insignificant contribution of mono- and 

di-glycerides,1-5% free unsaturated fats and minor portion of carotenes, 

phospholipids, sulphur mixes, phosphatides with tiny water quantity (Bozbas., 2008). 

Microalgae can accumulate significant quantities of lipids by optimizing factors, like 

C02 concentration, stressed nitrogen level, temperature, intensity of light, salinity and 

harvesting method. These lipids can be easily converted into biodiesel by the process 

of trans esterification (Brennan and Owende., 2010). 

For biodiesel production, lyophilized biomass undergoes through solvent treatment 

resulting in lipids and fatty acids extraction prior to trans esterification (Mata et al., 

2010). Transesterification process involves the conversion of triacylglycerol into 

diacylglycerol and fatty acid ester in initial step leading towards the production of 

fatty acid and monoacylglycerol from diacylglycerol. In terminating step 

monoacylglycerol are converted into fatty acid esters and glycerol as an ending 

product. Conversion of one mole of triglycerides requires three moles of alcohol 
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however, maximum biodiesel yield can be achieved by higher molar ratios of oil and 

alcohol. Alcohols normally used in transesterification process involves ethanol, 

methanol, and propanol (Rathore and Madras., 2007), while various catalysts used in 

the process encompasses biological catalysts, acid catalyst, alkaline catalyst and used 

alcohol in supercritical state. (Mythili et al., 2014). Based on catalyst there are three 

types of trans esterification incorporating as alkaline catalysed transesterification 

(Rathore and Madras., 2007), acid catalysed trans esterification (Meher et al., 2006) 

and enzymatic transesterification (Antczak et al., 2009). 
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Aim and objectives 

Aim of the current study is to evaluate the bioethanol production potential of 

indigenous micro algae strain. 

Objectives 

• To isolate the microalgae strains from freshwater bodies and their identification 

and molecular characterization. 

• Selection and optimization of the strain for bioethanol production and to evaluate 

its biochemical composition. 

• To evaluate the bioethanol production via yeast based fermentation and its yield 

estimation. 

• To investigate the strain for biodiesel production potential by alkaline catalyzed 

transesterification and its confirmation analysis through FTIR. 
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The world population, urbanization and industrialization is increasing in an alanning 

rate which is directly proportional to the increase in primary energy consumption and 

emerging energy demands. Till 2010 energy consumption rate had reached to 

maximum growth of 5.6% in almost 40 years (Jones and Mayfield., 2012; Alam et 

aI., 2012). Extensive consumption of fossil fuels in past decades resulting in rapid 

fossil fuels depletion and energy crises leading to elevated prices of petroleum-based 

fuels. fossil fuels used for power generation and as transportation fuels are 

responsible for global wanning by high carbon dioxide (C02) emission to the 

atmosphere and an eager approach is needed to decrease GHG emission to avoid its 

disastrous effects. Increasing energy demands in future together with the 

environmental hazards concern, national security has directed the attention towards 

production of efficient, alternative, renewable, sustainable, cost-effective and clean 

liquid fuel, tenned as biofuels, as a suitable alternative source of energy (Gupta and 

Tuohy., 2013; Nigam and Singh., 2010). 

Biofuel was first prepared by Rudolph Diesel, who invent compreSSIOn ignition 

engine in 1900. History reveals that com derived ethanol was firstly used as a fuel for 

early cars like Henry Ford's Model-T. The concept of using microalgae as a biofuel 

production source was proposed for the first time in early 1950s. The idea was 

comprised of methane gas production from algae (Amberg and Meints.,1991). Much 

of the research conducted by "The Aquatic Species Program" (ASP) from 1978 to 

1982 was focused on hydrogen production from using algae as biomass. While in 

early 1980s, program's intentions were shifted to other transportation fuels 

production, specifically biodiesel in the beginning and then bioethanol (Sheehan et 

al., 1998). 

2.1. Worldwide scenario of Fossil fuels unsustainability 

2.1.1. Fossil fuels depletion and Energy security issue 

The Energy Infonnation Administration (EIA) has predicted the increase in energy 

consumption from an average rate of 1.1 % per annum, from 500 quadrillion Btu in 

2006 to 701.6 quadrillion Btu in 2030 (Shafiee and Topal., 2009). "global oil supplies 

will only meet demand until global oil production has peaked sometime between 2013 

and 2020" (Salameh., 2003). According to Edigera and his colleagues turkey has 
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already reached to fossil fuel production peak and their reserves are depleting in 038 

(Edigera et al., 2006; Edigera and Akar., 2007). 
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Figure 2.1: World reserves for 2002 and 2020 (Shafiee and Topal., 2009) 

By the middle of 2pt century, World's population is expected to be doubled, along 

with this industrialization and commercialization will continue to grow steadily 

resulting primary demands of energy are predicted to be raised by 1.5-3 times 

(Dincer., 2000). Coal, natural gas and petroleum are the sources of 90% energy 

coming from fossil fuels and these reserves are depleting rapidly therefore sustainable 

energy supplies are needed (Chen et al., 2011; Demirbas., 2010). WEO 2006 

estimated the average life time of various fossil fuels which shows the estimated ratio 

for oil between 39 and 43 years, 164 years for coal and 64 years for gas (Shafiee and 

Topal., 2009). World oil reserves may run out by 2050 with respect to current 

consumption rate, (Harun et al., 2010; Ho et al., 2011). 

2.1.2. Environmental concerns 

Problems are not only related to fossil fuels depletion but the biggest concern is 

related to global warming and a lot of other environmental protection issues like 

ozone depletion, air pollution, acid precipitation, radioactive substances emission and 

forest destruction. 
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2.1.2.1. Acid rain 

Combustion of fossil fuels in smelters for nonferrous ores, transportation vehicles and 

industrial boilers, results in the pollutants formation that are responsible for acid rain. 

S02 and NOx emissions are the major contributors of acid rain (Dincer., 1998). 

Disasters caused by acid rain includes acidification of streams and lakes, plants 

toxification, aquatic life damage and more importantly deterioration of buildings 

(Dincer and Rosen., 1999). It is obvious that some energy-related activities are major 

sources of acid precipitation. 80% of S02 is emitting from electric power generation, 

industrial energy and while the use of coal individually accounts for 70% S02 

emissions. In OECD countries road transport is major contributor and accounts for 

48% of NO x emissions while China and countries from the former Soviet Union, and 

United States are the largest contributors of pollutants (Dincer., 2000). 

2.1.2.2. Stratospheric Ozone depletion 

Between altitudes of 12 and 25 km in stratosphere, there exist an ozone layer having 

natural, equilibrium-maintaining role for Earth and provide protection from harmful 

radiations by absorbing ultraviolet (UV) and infrared radiation of 240±320 nm 

(Dincer., 1998). Emissions of halons (chlorinated and brominated organic 

compounds), CFCs and NOx are the primary factors involved in ozone depletion. This 

stratospheric Ozone depletion results in bigger rate of eye damage, skin cancer and 

harm to other organisms through reaching destructive UV radiation to ground. CFCs 

mostly comes from air conditioners and refrigerators while NOx emissions are 

contributed by biomass combustion processes and fossil fuel (Dincer and Dost., 

1996). 

2.1.2.3. Greenhouse effect (Global warming) 

Global warming is the biggest concern of fossil fuels unsustainability. The global 

climate change termed as greenhouse effect is associated with increase in earth's 

temperature with the contribution of C02 and some other gases including N20, CH4, 

halons, peroxyacetyl nitrate, ozone and CFCs, emitted from domestic and industrial 

activities. However, the major contributor of anthropogenic greenhouse effect is C02 

contributes about 50% effect. over the last century, sea level is estimated to have risen 

perhaps 20 cm due to increase of about 0.68°C in earth's surface temperature. It is 
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predicted that if the current trend in fossil fuel consumption continues till next 

century, there will be steady increase in atmospheric concentrations of GHG. 

Consequently, temperature of earth may increase by 28°C to up to 48°C and the rise 

in sea level perhaps reach between 30 and 60 cm prior to the end of the 21st century, 

this could endanger the survival of entire populations (Dincer and Rosen., 1999). 

Keeping in mind all the above discussed factors, many countries have shown 

increased interest in developing alternative energy sources that would be renewable, 

economically competitive and environmentally friendly (Mussgnug et aI., 2010). 

2.2. Current scenario of energy situation in Pakistan 

Pakistan is inhabited with above 190 million of population III 2014 

and underdeveloped and over populated country. The primary supplies and demands 

of energy elevated over 90% last decades, between 34 million tons of oil equivalent 

(MTOE) and 64.7 MTOE from 1992 to 2012, while the native production rate 

persistent around 45.2 MTOE, creating a shortage of 20.5 MTOE to be imported 

(Shakeel et aI., 2016). Around 60% of Pakistan's overall foreign exchange devotes on 

fossil fuels import (Khan and Pervaiz., 2013). There is prediction of three-fold 

increase in energy demand by the end of 2050, whereas the primary supply is not so 

inspiring. Oil and gas reserves are exhausting within 10 and 19 years interval 

respectively (Rafique and Rehman., 2017). 
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Figure 2.2: Pakistan energy consumption from 1970 to 2013 (Shakeel et al., 
2016) 
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In Pakistan C02 emissions is a big problem with respect to environmental concern. 

Above 80% of C02 contribution is from energy sector. In 2010, its emission was 64 

million metric tons (MMT) and reached to over 166 MMT by the end of 2013. 

Similarly, NOx and S02 emissions share climbed up to four and seven folds, 

respectively. By renewable energy applications these emissions predicted to reduce by 

61 % in NO, 60% ofS02 and 50% in C02 (Shakeel et at., 2016). 

2.3. Alternative sustainable energy solutions 

Finding out an alternate source for fossil fuel reserves is currently the focus of global 

community. There are so many emerging sustainable energy alternatives, among 

these strategically important fuel sources are biofuels, hydrogen, natural gas and 

syngas (Nigam and Singh., 2011). Palm oil can be used as a source of renewable 

energy as it can be converted to hydrogen in supercritical water through gasification 

reaction (Kelly-Yong et at., 2007). With respect to another suggestion that countries 

like turkey as one of the major agricultural nations can have high share of biomass 

energy (Demirbas., 2008). Nuclear power can also act as another alternative for 

energy but there is a big threat of the GHG effect, because of producing a carbon 

similar to coal (Walters et ai., 2002). Goldemberg suggested to increase the 

contribution of renewable energy to extend the life of fossil fuel reserves 

(Goldemberg., 2006). Currently increased attention is towards exploring biofuels to 

replace fossil fuels as they can provide some relief from the reliance on imported oil 

and are most eco-friendly energy source with respect to global warming and can be a 

favourable choice of fuel based upon their renewability, biodegradability and 

generating acceptable quality exhaust gases (Nigam and Singh., 2011). 

2.4. Renewable energy potential of Pakistan 

Total renewable energy potential of Pakistan is about 167.7 GW, 8 times higher than 

country total 21 GW demand of electricity (Farooq and Shakoor., 2013). Renewable 

energy can be the solution for all energy crisis in Pakistan as it holds approximately 

800,000 km2 with abundance of water, wind and sunshine. Also, self-sufficient in 

crops, agricultural residues and waste that could be utilized efficiently for energy 

production (Shakeel et at., 2016). Pakistan has significant biofuels production 

potential like bioethanol and biodiesel, more than 400,000 tons year-1 of ethanol can 
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be produced with respect to current sugarcane cultivation rate though, about 

120,000 tons is being produced which is a third portion of total potential (Raheem et 

at., 2016). Castor bean is another potential source of biodiesel, a self-grown crop in 

different parts of the country, capable of producing 1180 kg oil ha-1 drastically higher 

than other oil producers like soybean 375 kg oil ha-1, com 140 kg oil ha- 1 and 

sunflower 800 kg oil ha-1 (Asif., 2009). 

2.5. Biofuels and their importance 

Liquid, gas and solid fuels chiefly produced from biomass are referred to as biofuels. 

Fuels variety which can be derived from biomass includes methanol, ethanol, 

methane, hydrogen, biodiesel and Fischer-Tropsch diesel (Demirbas., 2008). Biofuels 

are important replacement of petroleum fuels and key to dropping reliance on foreign 

oil, decreasing GHG emissions also accomplishing rural development goals (Nigam 

and Singh., 2011). Biofuels are broadly classified as primary and secondary biofuels. 

2.5.1. Primary Biofuels 

Primary biofuels are unprocessed biomass, utilized in their natural and non-modified 

chemical form it includes wood chips, firewood, and pellets. These fuels usually 

supply cooking fuel, heating or electricity generation for small and large-scale 

industrial applications (Nigam and Singh., 2011). 

2.5.2. Secondary Biofuels 

These fuels are the modified form of primary fuels, processed and modified in solids 

(e.g. charcoal), liquids (e.g. ethanol, biodiesel and bio-oil), or gaseous forms (e.g. 

biogas, synthesis gas and hydrogen). These secondary fuels have huge ranges of 

applications, including transportation and in thermophilic industrial processes (Nigam 

and Singh., 2011). Based on raw material and used technology for their production, 

secondary biofuels are categorized into first, second and third-generation biofuels. 

2.5.2.1. First Generation Biofuels 

Food and oil crops based fuels are considered as the first-generation biofuels, they are 

mainly derived from sugar beet, sugarcane, animal fats and vegetables oils. They 

have already reached to commercial level in USA, Brazil, and the European Union 
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while still limited in transportation sector due to food security issue (Milano et al., 

2016). However, food shortage issue is created by using food crops for biofuels 

production. Along with this, their cultivation cycle longer and also needs large area of 

arable land. Use of first-generation feedstocks for biofuels production is not a better 

solution as resolving energy crises could create food crises (Naik et al., 2010). 

2.5.2.2. Second Generation Biofuels 

Second-generation biofuels like biodiesel and bio-synthetic gas etc. are derived 

mainly from non-edible components from food crops, agricultural residue, wood 

processing residues and non-food crops cultivation like tobacco seed, jatropha and 

Miscanthus (Milano et al., 2016). In comparison with first generation, they have 

reduced environment impact as they are not directly competing with arable land. 

Despite of this, the conversion processes for second generation biofuels are currently 

not economically because of having low conversion rates (Adenle et at., 2013). 

2.5.2.3. Third Generation Biofuels 

Microalgae derived biofuel are known as third generation biofuels and they are 

potentially capable for large-scale production. Microalgae appears to be the only 

feasible feedstock having the ability to replace fossil fuel completely (Ziolkowska and 

Simon., 2014). Microalgae shows high growth rate and having the capability to 

survive in harsh conditions, therefore it could be considered as the cheapest biomass 

for biofuel production. Usually photo-bioreactors or (PBR) large open ponds are used 

for microalgae cultivation follow up by harvesting for further conversion to biofuels 

(Milano et al., 2016). 

2.6. Microalgae 

Algae are the primitive plants lacking stems, leaves and roots having pnmary 

photosynthetic pigment chlorophyll, considered among the oldest forms of life and 

capable of living in wide range of environmental conditions (Mata et aI, 2010). 

2.6.1. Biofuels production from micro algae 

The impression of using algae as a raw material for energy generation dates to the late 

1950s, but now it is taken critically (Bibi et al., 2017). Microalgae can be 
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photo autotrophic, mixotrophic or heterotrophic. Phototrophic micro algae under 

natural growth conditions absorb sunlight, and sequester C02 into lipids, proteins and 

carbohydrates within short periods of time. These products can be further processed 

into both biofuels and valuable co-products (Brennan and Owende., 2010). 

Microalgae can fix three different sources of C02 including soluble 

carbonates, atmosphere and discharge gases (Wang et al., 2008). It also requires some 

inorganic nutrients for its growth like nitrogen, phosphorus and Sulphur (Hu et aI. , 

2008). They are photo-synthetically more efficient than terrestrial plants because of 

their efficient C02 fixation and also can be used to reduce greenhouse gas (GHG) 

emission (Patil et al., 2008). Recently two novel microalgae strains Desmodesmus sp. 

FG and yet unidentified strain SP2-3 has been screened out, having the carbohydrates 

generating potential of 57% and 70% respectively on dry biomass basis, 

under controlled growth conditions and nitrogen deficiency (Rizza et al., 2017). 

2.6.2. Advantages associated to micro algae-derived biofuels: 

• Capable of producing oil throughout the year, therefore exceeding in yield from 

all known oil seed crops (Schenk et al. , 2008). 

• Although they require aqueous growth medium, but their water necessity is much 

less than terrestrial crops so dropping the burden on freshwater sources (Dismukes 

et al., 2008). 

• Can be cultured on non-arable land and in brackish water thus reducing 

associated environmental impacts (Searchinger et al., 2008). 

• Having a rapid growth rate with a doubling time oS.5 h during exponential phase 

and many species with high lipid content about 20-50% of dry weight (Chisti., 

2007). 

• Capable of improving air quality maintenance through bio-fixation of waste C02, 

about 1.83 kg of C02 is utilised by 1 kg of dry algal biomass (Chisti., 2007). 

• Capable of obtaining nutrients for their growth like nitrogen and phosphorus from 

wastewater thus having potential for organic effluent treatment from the agri-food 

industry (Cantrell et aI, 2008). 
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• Their cultivation does not require any pesticides or herbicides application (Rodolfi 

et al., 2009). 

• Having potential for valuable co-products like oil extracted proteins enrich 

residual biomass may be used as feed, fertilizer or can be fermented into ethanol 

or methane (Spolaore et al., 2006). 

• Oil yield can be significantly enhanced by optimizing different growth conditions 

(Brennan and Owende., 2010). 

• They are capable of photobiological production of Biohydrogen (Ghirardi et al., 

2000). 

Biofuels from algae are considered as the biggest alternative of petroleum energy, yet 

there is need to achieve the commercial grade fuels quality by genetic modifications 

of algal cells to make them more efficient in their oil storing abilities (Nikolic et al., 

2009). 

2.6.3. Microalgae culturing techniques 

2.6.3.1. Sample collection 

Indigenous microalgal strains are having greater adaptability to their native 

environmental conditions, consequently preferred for fuel production purpose. Most 

of microalgae species are being photo autotrophic and can be collected from ocean, 

lakes, pond, river, soil and rocks, while some strains can be found on extreme 

conditions like hot spring lakes, ice-lakes, nuclear reactors and brine environment like 

spirulina, are halo-thermotolerant and Zygnemopsis sp. is extremely high sunlight 

intensity tolerant (Ghosh et aI., 2016). 

2.6.3.2. Isolation 

Isolation of axenic microalgae cultures is usually achieved by either spread plate, 

streak plate, pour plate and serial dilution methods. Capillary method is another 

technique in which desired species' s inoculum obtained by operating a capillary 

pipette handled under a microscope followed by dilution method. Fluorescence 

Activated Cell Sorting (F ACS) is also an effective isolation method follow-up by 
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subsequent isolation (Ghosh et at., 2016). Paper-based device is an additional latest 

and cheaper technique for single cell separation of microalgae and the main driving 

force behind this technique is forthright capillarity lacking complex pump connection 

that is part of most devices for micro fluidics (Chen et ai., 2015). 

2.6.3.3. Bioreactor types and cultivation parameters 

There are three different types of systems involved in microalgae cultivation 

consisting of open ponds reactors (OPR), photo-bioreactors (PBR) and hybrid systems 

(Jankowska et at., 2017). OPR are exposed to the environment and having 

comparatively cheaper construction, installation and maintenance cost and easy 

operation. Drawbacks associated to these reactors includes high contamination 

chances, vaporization (Kroger and Miiller-Langer., 2012) and relatively low biomass 

of around 10-25 g per day per m2 (Borowitzka., 1992). Raceway ponds and High 

Rate Algal Pond (HRAP) are examples of OPRs. On the other hand, photo bioreactors 

are closed systems with optimized algal growth conditions leading to high biomass 

production rate of 20-100 g per day per m2 and controlled conditions against other 

algal contaminations but it requires higher operating and maintenance costs 

(Jankowska et ai., 2017). Its examples include flat-tank (Samson and LeDuy., 1983), 

tubular (Ras et al., 2011), serpentine and bubble column reactors (Zamalloa et ai., 

2012). 

Various factors are involved in efficient cultivation of micro algae like nutrients 

concentration, water availability, C02 supply, light intensity of 1000-10000 lx, 

optimum temperature of 16--27 °C, pH between 4-11, culture density, turbulence, 

traces metals and salinity of 12-40 giL (Jankowska et ai., 2017). 

2.6.3.4. Strain selection 

Higher lipids and carbohydrates contents, increased biomass yield, eco-friendly 

attitude and capability of growing on cheaper substrates like wastewater are main 

features of microalgae for being efficient feedstock for biofuel production. Potent 

strains selection can be based upon higher growth rates and enhanced carbohydrates 

and lipid accumulations (Gill et ai., 2016) like Botryococcus braunii is having lipid 

content up to 75% of its total biomass (Lee et ai., 2010), while Chiorella vulgaris can 

accumulate carbohydrates up to 37-55% of its dry biomass (Chen et ai., 2013). 
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2.6.3.5. Optimization 

Selection of fast growing microalgae strains and its optimization for producing higher 

energy content is important to improve the economic value of microalgae derived 

biofuels. Microalgal cells growth can be enhanced by optimizing various factor like 

nutrient-rich medium, appropriate pH, temperature, light intensity and proper 

aeration/mixing. According to recent study carbohydrate or lipid content can 

increased when microalgae cultivated under nitrogen-deficient conditions. This could 

be achieved by supplying micro algal cell with nutrient-rich medium firstly, later on 

culture is shifted to specific nutrient-deficient medium when over 90% nitrates are 

consumed, it will trigger the quick accumulation of either lipids or carbohydrates (Ho 

et al., 2013b). 

2.6.3.6. Harvesting 

Harvesting of microalgae from their growth medium is a key challenge in microalgae 

downstream-processing (Vandamme et al., 2013). As cell density of microalgae is 

below 1.0 g L -I in open pond cultivation systems and requires a huge volume of water 

removal. Furthermore, microalgal cells size of 2- 20)lm remain in suspension form 

due to their colloidal stability, making the separation process more complicated and 

overall harvesting step accounts for 20-30% of total production cost. An effective 

harvesting technology with minimal investment of cost and energy is needed to 

improve overall microalgae biomass production process (Wan et al., 2015). Currently, 

applied techniques for microalgal biomass harvesting includes gravity sedimentation, 

centrifugation, filtration and screening, flocculation, electrophoresis and flotation. 

Appropriate harvesting technique selection depends upon cellular properties like size, 

density and worth of preferred products (Pragya et al., 2013). 

2.7. Algal biofuels conversion technologies 

Technologies involved in micro algae biomass energy derivation can be divided into 

two major categories that includes biochemical and thermochemical conversion. 

Factors responsible for choosing appropriate conversion method are comprised of the 

biomass type and quantity, desired energy form, economic consideration and nature of 

desired final product. 
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2.7.1. Thermochemical conversion technologies 

2.7.1.1. Gasification 

Term gasification is stand for the process responsible for partially oxidizing biomass 

into the form of a gas mixture. Gasification is performed at higher temperature, when 

at 800-1 OOO°C temperature conditions water and oxygen react with biomass resulting 

in the production of syngas. Syngas is the mixture of CH4, C02, CO, Nand H2. Its 

calorific value is very low so it can be taken as fuel in gas turbines and engines 

(McKendry., 2002). 

2.7.1.2. Thermochemical liquefaction 

Thermochemical liquefaction is a higher pressure and lower temperature process. In 

this technique at temperature of 300-350.8°C under high pressure of about 5-20 

MPa, wet algal biomass is converted into liquid fuel. This process is performed by a 

catalyst in the presence of hydrogen to yield bio-oil (Patil et al., 2008; Goyal et al., 

2008). 

2.7.1.3. Pyrolysis 

Pyrolysis involves the conversion of biomass at 350-700.8°C temperatures in the 

absence of oxygen into bio-oil, charcoal and syngas. Change in condition leads to 

products formation in different proportions like pyrolyzing the biomass at slow 

heating rates of 5-7 Klmin will lead to higher char production and less liquid and 

gaseous product development (Goyal et al., 2008). 

2.7.2. Biochemical conversion 

Different biological processes are used to generate green energy. These technologies 

embrace anaerobic degradation, enzymatic conversion and alcoholic fermentation 

resulting in variety of energy products like photobiological hydrogen, biodiesel, 

biogas and bio-alcohols e.g. bioethanol, bio-methanol and biobutanol. 

2.7.2.1. Biohydrogen 

Microalgae is equipped with essential hereditary enzymatic and metabolic 

characteristics to generate H2 gas. In anaerobic conditions microalgae produce 
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hydrogen which is used as an electron donor during C02 fixation (Ghirardi et al., 

2000). During photosynthesis, micro algae convert water molecules into ions by tic 

process. Resulting hydrogen ions are further converted into H2 in anaerobic conditions 

by the activity of hydrogenase enzyme (Cantrell et al., 2008). Reaction reversibility 

consequences in either production or consumption of hydrogen through simple proton 

transformation into hydrogen (Clark and Macquarrie., 2008). Hydrogen production 

could be failed by oxygen production during photosynthesis which causes hindrance 

to enzymatic activity responsible for hydrogen generation (Cantrell et al., 2008). 

2.7.2.2. Anaerobic Digestion 

Technology involves in the conversion of complex organic matter into CH4 and C02 

is named as anaerobic digestion (AD). The process of AD is based on four subsequent 

stages categorised as hydrolysis, acidogenesis, acetogenesis and methanogenesis. In 

the step of hydrolyses, microbial secreted extracellular enzymes hydrolysed the 

complex organic compounds into sugars, fatty acids amino acids and alcohols. 

Succeeding conversion of these molecules into H2, C02 and volatile fatty acids takes 

place during acidogenesis and acetogenesis. Lastly, methanogenesis comes which is 

comprised of methanogenic archaea that utilises formed H2, C02, fomites and 

butyrate as substrate and producing CH4 as main product along with C02 (Gonzalez

Fernandez et al., 2015). Methanogenesis is normally carried out by either catabolic 

acetoclastic pathway generating almost 70% methane, or by hydrogenotropic pathway 

activated during stress induced conditions (Carballa et al., 2015). Advantages 

associated with AD contains renewable energy production, reduced greenhouse gas 

emissions and resulting produced liquid digestate with fertilizer properties (Gonzalez

Fernandez et al., 2015). 

2.7.2.3. Bioethanol 

Bioethanol is being produced by the fermentation first generation feedstocks like 

cornstarch, sugarcane, potato, wheat, rye, beet, cassava derived sugars and second

generation lignocellulosic biomass (Ajit et at., 2017). Typically, sugars are fermented 

into bioethanol through yeasts (Sulaiman et at., 2011), whereas bacterial based 

fermentation is also gaining much attention (Ajit et at., 2017). 
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According to US Energy Policy Act 2005, the oil industry is obligatory to blend 7.5 

billion gal of renewable fuels into gasoline by 2012 and ethanol is considered as the 

most common renewable fuel (Gray et ai., 2006). Bioethanol is environmentally 

sustainable and primarily a renewable biofuel. In altered spark-ignition engines 

ethanol can be burned in its pure form or can be used as blend with petrol. Though 

ethanol comprised of only 66% energy per litre in comparison with energy per litre of 

petrol but due to having higher octane level, it improves the latter performance when 

blended with petrol as transportation fuel. It also reduces the lethal vehicles emissions 

like carbon monoxide, carcinogens and unburned hydrocarbons by improving the fuel 

combustion process. As ethanol contains just traces of Sulphur, in comparison with 

petrol thus ethanol-petrol blends can also reduce the Sulphur oxide emissions which is 

main constituent of acid rain, and a carcinogen (Nigam and Singh., 2011). 

2.7.2.4. Biodiesel 

A blend of mono-alkyl esters of long chain unsaturated fats (FAME) is known as 

biodiesel which is derived from sustainable lipid feedstock like oil-crops, second

generation feed stock e.g. jatropha and algae extracted oils. These lipid feedstocks are 

comprised of 90-98% by weight triglycerides, 1- 5% free unsaturated fats and minute 

contribution of mono and diglycerides along with slight portion of carotenes, 

phospholipids, sulfur mixes, phosphatides and minute quantity of water (Bozbas., 

2008). Biomass extracted oil can be subsequently converted into biodiesel through 

the process of trans esterification. Transesterification can be considered as synthetic 

response among triglycerides and liquor in the presence of an incentive to generate 

mono-esters named as biodiesel (Sharma and Singh., 2009). 

2.8. Bioethanol production from micro algae 

As compared to first and second-generation feedstocks algae being third generation 

biomass seems to be very attractive alternative renewable source for bioethanol 

production (Menetrez., 2012). It can also resolve the sustainability problems mostly 

associated with first generation feedstocks including food crops security (Dybowski et 

ai., 2013; Rajkumar et ai., 2013). Being more photosynthetically efficient algae 

biomass production rate is 5- 10-times higher than land-based plants, categorized as 

second-generation feedstocks (Chen et ai., 2013), along with this algae pre-treatment 
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and enzymatic hydrolysis is much easier than lignocellulosic materials as it lacks 

lignin therefore making the process beneficial for ethanol production. The algal 

biomass is processed similarly for biofuel production as other lipid-based feed stocks 

and its carbohydrates content could be fermented into bioethanol (Bibi et a!., 2017). 

2.8.1. Microalgae-based carbohydrates composition 

Microalgal cell wall primarily consist of an inner layer and outer layer and the 

composition of outer layer differs in each specie but normally comprised of 

polysaccharides like pectin, alginate and agar while the inner cell wall layer is made

up of cellulose, hemicellulose and glycoprotein (Yamada and Sakaguchi., 1982). Due 

to having carbohydrates source like cellulose-based cell walls and accumulated starch, 

microalgae supposed to be a promising feedstock for bioethanol production. These 

both carbohydrate types can be reduced into fermentable sugars leading to microbial 

fermentation for subsequent bioethanol production (Chen et al., 2013). Study shown 

that Chlorella vulgaris can accumulate carbohydrates up to 37-55% of its dry 

biomass likewise 45-60% of dry biomass content of Chlamydomonas 

reinhardtii and Scenedesmus obliquus is also comprised of carbohydrate (Kim et al., 

2006). Therefore, species with higher carbohydrates accumulating ability are potential 

candidates for carbohydrate-based bioethanol production (Chen et al., 2013). 

2.8.2. Carbohydrates extraction or hydrolysis of algal biomass 

Cell wall-bound carbohydrates in microalgal cells released into hydrolysate under 

optimized conditions and converted into fermentable sugars by saccharification. 

Bioethanol production efficiency of fermentation mainly depends upon pre-treatment 

or hydrolysis conditions of algal biomass. Therefore, an effective pre-treatment is 

necessary for better carbohydrates availability and enhanced bioethanol production 

(Harun et a!., 2014). Pre-treatment or hydrolysis is usually categorized into physical, 

chemical and enzymatic approaches (Daroch, et a!., 2013). chemical approach is the 

most commonly used method for polysaccharides hydrolysis while, enzymatic 

hydrolysis is a latest efficient approach (Jambo et al., 2016). 
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2.8.2.1. Chemical hydrolysis/pre-treatment 

Commonly studied technique is Extremely low acid (ELA) pre-treatment in which 

inter and intra-molecular hydrogen bonds broken down resulting in release of 

carbohydrates into the hydrolysate (Harun et aI., 2014). Acid being a catalyser will 

break polysaccharide into monosaccharide by hydrolysing the glycosidic bonds 

(Jambo et al., 2016). Maximum sugar recovery can be achieved by optimizing the 

chemical pre-treatments parameters (Daroch et al., 2013). A study showed the acid 

treatment of C. vulgaris FSP-E with 0.036-1.8 N sulfuric acid, used 10-80 g L-1 of 

biomass concentration resulted in up to 95% saccharification of the glucose content 

leading to 90% of the theoretical fermentation yield with Zymomonas mobilis ATCC 

29191 and proved it to be better than enzymatic treatment (de Farias Silva and 

Bertucco., 2016). 

Alkaline pre-treatment of algal biomass was used by Harun et al., (2014) for the very 

first time and found 0.75% NaOH exposure at 120°C for 30 min, as the optimized 

conditions for maximum glucose yield (Harun et aI., 2014). 

2.8.2.2. Mechanical pre-treatment 

It is also known as Physical pre-treatments comprised of cell wall disruption by using 

technologies like milling, supercritical C02 exposure and ultrasonication. Ultrasonic 

assisted extraction (UAE) is an efficient method for carbohydrate extraction from 

algal biomass as compared to fluidized bed extraction (FBE) and conventional solvent 

extraction (CSE) method (Zhao et al., 2013). Gamma radiation can be also use of for 

weakening the algal cell wall for carbohydrates extraction (Yo on et al., 2012). 

Hydrothermal pre-treatment is another method responsible for splitting algal biomass 

into sugar and lipid fractions for further bioethanol and biodiesel production 

processing (Kim et al., 2012). Another alternative pre-treatment technique is 

supercritical fluid exposure. As compared to intact algal biomass, 60% more 

bioethanol has been produced by applying Supercritical C02 treatment to lipid

extracted biomass of Chlorococum sp (Harun et al., 2014). 
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2.8.2.3. Enzymatic hydrolysis/ pre-treatment 

Enzymatic hydrolysis is a simple way to convert complex sugars into simple fonn. 

Having the conversion efficiency of more than 80% seems to be an attractive 

approach for bioethanol production. Enzymatic hydrolysis typically 

employed cellulases enzymes for polysaccharides degradation it includes exo

glucanases, endo-glucanases andfJ-glucosidases (Jambo et al., 2016). Enzymatic 

hydrolysis of Chlamydomonas reinhardtii by using amylases for liquefaction and 

glucoamylase for saccharification in separated hydrolysis and fennentation (SHF) 

achieved 94% carbohydrates hydrolysis and further fennentation achieved a yield of 

60% through Saccharomyces cerevisiae S288C (de Farias Silva and Bertucco., 2016). 

2.8.3. Drawbacks linked to acid and enzymatic hydrolysis 

Drawback associated to acid hydrolysis is the fennentation inhibition due to 

fonnation of salts after neutralization of the liquor, if high acid concentration is being 

used (de Farias Silva and Bertucco., 2016). While, the biggest hindrances in the way 

of enzymatic hydrolysis are increased enzymes prices, time taking and intensive 

labour processes (Daroch et a!., 2013). 

2.8.4. Two steps Saccharification 

Introduction of two-step process in saccharification is capable for enhanced biomass 

treatment. Process involve the initial acidic treatment of cells carries towards the 

subsequent enzymatic treatment. brown algae Laminaria sp. was effectively 

saccharified by acid pre-treatment followed by the combination of many enzymatic 

cocktails (Daroch et al., 2013). 

2.8.5. Fermentation or bioethanol production 

Sugars extracted from hydrolysis step converted into bioethanol and some by

products by the activity of few microorganisms like bacteria, yeast and fungi (Wei et 

al., 2013). Bacterial genus Zymomonas and yeasts like Saccharomyces are commonly 

used microorganisms for bioethanol fennentation (de Farias Silva and Bertucco., 

2016). Embden-Meyerhof pathway of glycolysis is involved in glucose conversion 

into ethanol. This is two-step process, initially sugar is converted into glucose-6-
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phosphate followed by the subsequent conversion of this intermediate into pyruvate 

(van Maris et at., 2006). Depending upon microorganism end product varies, in case 

of yeast pyruvate is reduced into ethanol and C02 during alcoholic 

fermentation (Jambo et at., 2016). 

For economically feasible and the better production rate of bioethanol, simultaneous 

saccharification and fermentation (SSF) and Separated hydrolysis and fermentation 

(SHF) are well known latest techniques instead of a simple fermentation process 

(Jambo et aI., 2016). 

2.8.5.1. Separated hydrolysis and fermentation (SHF) 

Mechanism involved in SHF is the initial separate degradation of feedstock into 

monomeric sugars, followed by the subsequent fermentation reaction. Key problem 

associated to SHF is the inhibition of fermentation end-product by sugars formed in 

the process of hydrolysis (Alfani et at., 2000) 

2.8.5.2. Simultaneous saccharification and fermentation (SSF) 

In SSF, single reactor and a single step is involved in simultaneous hydrolysis and 

fermentation. Reaction comprised of the collective addition of feedstock, yeast and 

enzyme in an orderly manner for the rapid conversion of released sugars into 

bioethanol. End-product inhibition can be limited in SSF by removing the residual 

sugar (Dahnum et at., 2015) and under the appropriate conditions, higher bioethanol 

yield can be achieved. 

2.8.6. Drawbacks Linked to SHF and SSF 

Each process has their own advantages and disadvantages like SHF can be conducted 

at optimum temperature independently, though high contamination and end-product 

inhibition incidence cannot be avoided in this process. As for as SSF is concerned, the 

process requires only a small amount of enzyme, decreased inhibitory effects and less 

contamination chances while, the only problem associated to SSF is the elevated 

temperature requirement for enzymatic hydrolysis making the process difficult to 

control. Keeping in view the above all discussion SSF is typically preferred over the 

SHF process due to its reduced costs and high production rate (Jambo et at., 2016). 
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2.8.7. Purification 

Techniques involve in bioethanol purification step includes distillation, rectification 

and dehydration that can highly influence the end products (Demirbas., 2011). Among 

these most widely used technique is distillation although it is highly energy 

consuming process. Basic principle of distillation is the component volatilities based 

separation of mixtures and resulting bioethanol must accomplish the international 

standards such as ANP and ASTM for its commercialization (Jambo et al., 2016). 

2.9. Biodiesel production from microalgae 

2.9.1. Lipids accumulation in microalgae 

Various microalgae strains are known for accumulating considerable lipids quantities 

and responsible for high oil yields. concentration can be increased by optimizing 

various growth influential factors like C02 concentration, stressed nitrogen level, 

temperature, intensity of light, salinity and harvesting method (Brennan and Owende., 

2010). Their lipid storage properties fluctuate between the average of 1-70% while 

some species can hold up to 90% of their dry weight under certain conditions. Fatty 

acid composition may be affected by various environmental and nutritional factors, 

growth phases and cultivation conditions (Mata et al., 2010). Normally microalgae 

stores carbohydrates proteins and lipids inside the cell but under stress conditions its 

cell division is terminated and C02 is shifted to energy storage in the form of lipids 

resulting in increased lipid content of algal cell (Xin et al., 2010). 

2.9.2. Lipid Extraction 

Before biodiesel production, lyophilized biomass is exposed to solvent treatment for 

lipids and fatty acids extraction from the algal cells. Some most widely used solvents 

are comprised of 96% hexane, 96% ethanol, or a 96% ethanol-hexane mixture. These 

solvent extraction methods can obtain up to 98% quantity of purified fatty acids. 

Though ethanol can be used as proficient solvent but incase when only lipids 

extraction is required it could not be desirable as it can also extract other cellular 

impurities like sugars, salts, amino acids, proteins and pigments (Mata et al., 2010). 
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2.9.3. Transesterification 

Process by which reaction between acyl-acceptors and triglycerides takes place, 

following up the conversion of triglycerides into lower molecular weight alkyl esters 

is referred to as transesterification (Helwani et ai., 2009). During the process of 

trans esterification glycerol is formed when alcohol acts as acyl acceptor and as a 

result when esters are being used triacylglycerol is produced (Robles-Medina et ai., 

2009). It is a three steps process; diacylglycerol and one fatty acid ester is formed 

from triacylglycerol in first step carrying towards the production of monoacylglycerol 

and fatty acid from diacylglycerol. In final step conversion of monoacylglycerol into 

terminal product fatty acid esters and glycerol takes place. Three moles of alcohol are 

needed for the conversion of one mole of triglycerides however, higher molar ratios 

of oil and alcohol are required to achieve maximum biodiesel yield. Based upon type 

of catalysts, feedstock, reaction time and temperature these molar ratios are varied. 

Ethanol, methanol, and propanol are mainly used alcohols in the process (Rathore et 

ai., 2007). In this reaction ester bond is firstly broken down leading to the subsequent 

breakage of hydroxyl group, resulting in formation of glycerol as a by-product (AI

Zuhair et ai., 2007). Different types of catalysts used in the process of 

trans esterification encompasses acid catalyst, alkaline catalyst, used alcohol in 

supercritical state or biological catalysts. (Mythili et ai., 2014). 

2.9.3.1. Alkaline catalytic trans esterification 

In this process reaction between triacylglycerol and alcohol is catalyzed by an alkali 

at pH above 7. frequently used catalysts include potassium hydroxide, Sodium 

hydroxide, and sodium methoxide. Alkaline catalysts are preferred due to their easy 

usage. Base catalyzed transesterification is usually carried out at lower temperature 

and pressure and resulting in highest yield of 98% achievement within short period of 

time (Rathore and Madras., 2007). Whereas, the key drawback linked to alkaline 

catalyst is its sensitivity to water content and free fatty acids and cannot work in 

condition with FF A and water content more than O.5wt% (Sivasamy et ai., 2009). 

High FF A accumulation in reaction utilizes the catalyst carries towards the excessive 

soap formation, which can affect the yield and creates separation and purification 

problems in downstream processing. To avoid these hurdles pre-treatment is needed 

(AI-Zuhair et ai., 2007). 
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2.9.3.2. Acid catalyzed trans esterification 

Acid catalyzed trans esterification involves the reaction between TGs and alcohol in 

the presence of acid. Commonly used acids as catalyst includes phosphoric and 

hydrochloric acid (Meher et al., 2006). Acid catalyzed reaction is rarely used method 

and it is 4000 times slower than alkaline catalyzed reaction and enlarged convergence 

of catalyst is needed with higher alcohol concentration. Studies shown that molar 

methanol and oil ratio of 30:1 at 55- 80°C along with 0.5 to 1mol% catalysts 

convergence required for accomplishing 99% yield in 50 hours (Akoh et al., 2007). 

2.9.3.3. Enzymatic Transesterification 

The process is comprised of using biological catalyst like lipases enzymes for the 

conversion of triglycerides into biodiesel. Lipases are lipid degrading enzymes 

showing the catalytic properties in the presence of methanol. Lipase enzymes are 

included in the class of hydro lases enzymes produced extracellularly or intracellularly 

by both bacteria and fungi. They broke down triglycerides into single fatty acids and 

glycerol leading to subsequent esters molecule formation by lipase catalysis in 

transesterification process (Robles-Medina., 2009; Ranganathan et al., 2008). There 

is no byproduct formation occurs in enzyme mediated catalysis and having easy 

operational conditions. In enzymatic transesterification biodiesel production could be 

accomplish at lesser temperature of 35-45°C (Antczak et al., 2009). During reaction, 

free fatty acids and triglycerides are converted into biodiesel and unlike chemical 

catalysis, soap production does not take place so no washing is required (Noureddini 

et a!., 2005). 
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MATERIAL AND METHODS 
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3.1. Sample collection and storage 

Fresh water samples were collected from Mirpur, Shahdara stream and Rawal Lake 

Islamabad Pakistan for micro algae isolation. Samples were collected in 50ml sterile 

falcon tubes against the flow rate and temperature and pH of collection site were 

noted. Samples were brought to laboratory and stored at 4·C to cease any type of 

microbial activity prior to further processing. 

3.2. Bold's Basal Medium (BBM) media preparation 

Table No. 3.1: BBM media recipe 

Components Stock solution (gl200ml) Working volume (mIlL) 

NaN03 5 10 

CaCh 0.5 10 

Stock 1 MgS04 1.5 10 

K2HP04 1.5 10 

KH2P04 3.5 10 

NaCI 0.5 10 

Components Stock solution (gl200ml) Working volume (mIlL) 

EDTA 1.0 1 

KOH 6.2 1 

Stock 2 FeS04.7H20 0.98 1 

H3B03 2.28 1 

Components Stock solution (gl50ml) Working volume (mIlL) 

ZnS04 0.441 0.2 

Stock 3 MnCh.4H20 0.072 0.2 

Mo03, 0.035 0.2 

CuS04.5H20 0.078 0.2 

CO(N03)2.6H20 0.024 0.2 
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3.3. Microalgae isolation 

Microalgae culture was firstly enriched in QAU wetland effluent water and BBM 

medium. The flasks were incubated at room temperature for 15 days under continuous 

illumination and aeration provided by fluorescent lamps and aerator pumps 

respectively. BBM agar medium was prepared by adding 7.5g of technical agar in 

500ml working volume of BBM broth along with Ig1L Amoxil and 5 drops/ L of 

Nystatin as antibacterial and antifungal agents respectively to avoid any fungal or 

bacterial contamination. 1 ml of sample from each enrichment culture poured onto 

agar medium and dispersed equally by spreader. Plates were putted under illumination 

at room temperature for growth development. Pure cultures were obtained by 

streaking and further re-streaking methods. 

3.4. Broth cultures development 

Five different strains were isolated based upon their morphology, colour change, 

shape and appearance. Small inoculums were picked from re-streaked plates with 

sterile wire loop and inoculated into the flasks . Flaks were incubated at room 

temperature and sunlight was provided as source of illumination while aeration and 

mixing was supplied by stone bubblers associated with electric aerator pumps. Algal 

growth was observed by measuring optical density at 682nm with UV -visible 

spectrophotometer after the interval of every two days. 

3.5. Molecular identification 

For molecular level identification of strains, DNA was extracted and sent to 

MACROGEN, Korea for sequencing. 

3.5.1. DNA Extraction 

Modified CT AB method was used for microalgae DNA extraction. 2 ml of each algal 

sample was taken in Eppendorf tubes and centrifuged at 1O,00Orpm for 10 minutes. 

After discarding the supernatant, about 1-1.5ml of IX TE buffer was added to 

Eppendorf and vortexed to dissolve the pellet. Centrifuged again at 10000rpm for 10 

minutes and TE buffer was discarded. The pellet was re-dissolved via vortexing into 

0.6ml ofTE buffer and then added 3-5J.l.l proteinase k along with 5-10J.l.l oflysosome 
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and incubated in water bath for 1 hour. After this incubation 100).1L of CT AB buffer 

along with 80).11 of 5M NaCl was added and again incubated in water bath at 65°C 

forI 0 minutes. Then 500).11 of phenol: chloroform: isoamyl alcohol was added in 

25:24:1 ratio and centrifuged at 10000rpm for 20 minutes. After the centrifugation, 

upper layer was picked up carefully and transferred it to new Eppendorf tube which 

was supplemented with 500).11 P:C:1. tube was centrifuged again at 10000rpm for 10 

min. Now upper layer was taken, added with 500).11 isopropanol and 300).11 3M 

sodium acetate and left for overnight incubation. Centrifuged again at 10,000rpm for 

6 minutes and discarded the supernatant. Then 200).11 70% ethanol was used to wash 

the pellet and again centrifuged at same temp and rpm for 3 min. After discarding the 

supernatant pellet was dissolved in 100).11 TE buffer and stored at freezing temp. 

3.5.2. Gel Electrophoresis 

To confirm the presence of DNA, gel electrophoresis technique was performed. To 

make IX TAE buffer, 3ml of lOX TAE buffer was added to 27ml of deionized water. 

Then gel was prepared by dissolving 0.3g agarose into 30 ml IX TAE buffer and 

heated for two minutes in microwave. After cooling to 40°C, 3).11 ethidium bromide 

was added to gel and it was poured into the gel-tray with already embedded comb in it 

to make the wells. Comb removed after solidification of gel and wells were formed. 

Then total volume of 5).11 (made after mixing of sample with 2 ).11 of DNA loading 

dye) was loaded into the wells and process was run for 30 minutes at 110 volts and 

500mA in gel-tank. After removing gel from tank, it was observed in UV -illuminator 

to detect the DNA bands. 

3.5.3. 18S Ribosomal RNA sequencing 

Extracted DNA samples were sent to MACROGEN standard custom DNA 

sequencing services (Macrogen Inc, Seoul, Korea) for micro algal identification by18S 

Ribosomal RNA sequencing. 

3.6. Growth kinetics and Biomass productivity 

3.6.1. Growth kinetics 

Growth kinetics of each microalgae strain was calculated by measuring the light 

absorbance intensity within their cell suspensions. For this purpose, optical density of 
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cultures was observed at 682nm in UV-visible spectrophotometer (Santos-Ballardo et 

ai., 2015). 

3.6.2. Cell growth efficiency 

Both the specific growth rate and duplication time for microalgae strains were 

calculated by using following growth kinetics (Godoy-Hernandez and Vazquez-Flota, 

2006). 

Specific growth rate: 

f.l=(lnX -lnX°)lt 

Whereas: 11 is the specific growth rate 

XO=initial biomass concentration 

X =the final biomass concentration 

t= time (days). 

3.6.3. Biomass productivity 

During the exponential growth phase, grams of dry biomass produced per liter per day 

is known as biomass productivity. Samples were collected during their exponential 

phase and centrifuged at 5000rpm for 10 min at 10°C. supernatant discarded and 

pellets were washed with distilled water, dried overnight at 60°C in oven and weighed 

in weighing balance (Ranga-Rao., 2007). 

Biomass productivity=DW ISV lDay* 1 000 

DW= Dry weight 

SV= Sample volume 

3.7. Carbohydrates and sugars content determination 

Carbohydrates content of all the 5 isolated microalgal strains was determined for the 

selection of single strain with higher carbohydrates content. As carbohydrates are 

Evaluating Indigenous Microalgae as Potential Source for Bioethanol Production 34 



Chapter# 3 Material and Method 

embedded in cell wall of micro algae, therefore proper extraction methods were used 

for their release into the hydrolysate. Two types of extraction methods were used for 

carbohydrates extraction as discussed below: 

3.7.1. Acidic extraction 

All the five microalgal strains were collected during their exponential phase and 

harvested by centrifugation at 5000rpm for 10 min at lO°C. After discarding the 

supernatant, pellets were washed by using distilled water, dried overnight at 60°C in 

oven. 0.1 g of dried biomass of each sample was treated separately with 3 ml of 72% 

concentrated H2S04 (v/v) in a flask and stirred for 30 min at 30 °C on a magnetic 

stirrer. After stirring solution was diluted to final acid concentration of 2.5 with 

addition of distilled water. These flasks were then autoc1aved at 121 °C for 30 min for 

sample hydrolysis. Each hydrolyzed sample was individually distributed into two 

flasks. NaOH was used to neutralize the sample from first flask for reducing sugar 

determination of by DNSA method whereas the other flask was neutralized with 

Na2C03 for total carbohydrates determination by Phenol- Sulfuric acid method. Both 

the solutions were kept at 4°C and centrifuged at 8000rpm before use. 

3.7.2. Alcoholic extraction 

10 ml of 70% ethanol was used to treat 0.1 g of dried algal biomass for 2 hours at 

80°C in a water bath. Sample was then filtered after cooling. Residual sample was 

again treated with 70% ethanol in water bath at 80°C for complete soluble sugars 

extraction. Both the filtrates thoroughly mixed and diluted to the volume of up to 100 

ml with distilled water. This filtrate solution was centrifuged at 80000rpm for 10 min 

and used for total soluble carbohydrates estimation. 

3.7.3. Carbohydrates determination 

3.7.3.1. Phenol-sulfuric acid method 

Total carbohydrates present inside micro algal cells was estimated by phenol-sulfuric 

acid method and its standard protocol is discussed below. 

Standard curve preparation 

Stock solution: 100g of glucose dissolved in 100 ml of water. 
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Working volume: 1 0 ml is taken from stock solution and diluted up to volume of 100 

ml with distilled water, making the final sugars concentration of 0.1 mg/ml. A range 

of 0~1-1 000 ~l from this solution is taken into 6 tubes as discussed below in table No. 

3.2. 

Table No. 3.2: Working volume of standard sugar solution 

Test tube No. Glucose solution quantity (,..,1) Distilled water quantity (,..,1) 

1 0 1000 

2 200 800 

3 400 600 

4 600 400 

5 800 200 

6 1000 0 

Protocol: Total carbohydrate in algal samples were estimated by phenol-sulfuric acid 

method (Dubois et al., 1956). 0.2 ml of sample was pipetted out and made up to 

volume of 1 ml with distilled water in test tube and distilled water was used as blank 

in another tube. 5 ml of96% H2S04 (v/v) along with 1ml of 80% phenol was added to 

each tube (including tubes containing standard glucose concentrations for standard 

curve preparation). All tubes were then vortexed for 1 min until solution in tubes 

become transparent and these tubes were placed in water bath at 30 °C for 20 min and 

orange-yellow colour was developed in tubes. Tubes were then cooled at room 

temperature and optical density (OD) was recorded at 490 nm in UV-visible 

spectrophotometer. Standard curve was drawn and OD values of samples were putted 

in trendline equation and by solving the equation total carbohydrates present in 

samples were estimated. 

Total soluble carbohydrates, total insoluble carbohydrates and total carbohydrates 

were calculated as following: 

Total soluble carbohydrate = Carbohydrate determined in alcoholic extracts 
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Total carbohydrate = Carbohydrate detennined in acidic extracts 

Total insoluble carbohydrate = Total carbohydrate - Total soluble carbohydrate 

3.7.4. Reducing sugars estimation 

3.7.4.1. Dinitrosalicylic acid method (DNSA) 

For reducing sugars estimation dinitrosalicylic acid (DNSA) method was used 

(Miller, 1959). Method based on the principal that dinitrosalicyclic acid is reduced by 

reducing sugars resulting in reddish-orange colored complex formation and its optical 

density can be observed at 540nm (Ghose, 1987). 

DNSA reagent preparation 

Table No. 3.3: Reagents required forI Liter stock 

Reagents Quantity per Liter 

3, 5-Dinitrosalicylic acid 7.5g 

NaOH 13.99g 

Na-K tartarate 216.lOg 

Phenol 5Aml (melted at 50°C) 

Na2S03 5.87g 

Standard curve preparation 

Stock solution: 250 mg dissolved in 100 ml distilled water. 

Working volume: 10 ml taken from stock solution and diluted up to 100 ml 

containing the final sugars concentration of 0.25 mg/ml. 6 test tubes were taken and 0-

1000Jll of final sugar solution was transferred in these tubes and volume was made up 

to 1 ml for each tube in the same order as shown in the table No. 3.2. 

Protocol: 1 ml of acid treated algal samples which were neutralized with N aOH, taken 

in test tube and added with 1 ml of DNSA reagent. Tubes were them incubated in 

water bath for 10 min at 100°C and then diluted up to volume of 10 ml with distilled 
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water after cooling at room temp. OD was measured at 540 nm and sugars content 

was determined by putting the OD values of the samples in trendline equation of 

standard curve. 

3.8. Strain selection and optimization 

For subsequent bioethanol production potential, MSB strain was selected due to its 

higher growth rate, biomass productivity and carbohydrates accumulation. Four 

parameters were optimized to enhance growth rate and biomass productivity of the 

strain that includes susceptible nitrogen source, pH, dark/light durations and air 

bubble mixing/without mixing. 

3.8.1. Nitrogen source optimization 

Four different nitrogen sources (NH4CI, Urea, NaN03, KN03) in quantity of 

0.125g/500ml, were taken in four flasks containing BBM media (without NaN03) 

with working volume of 500ml and 5ml of inoculum (MSB strain) was added to each 

flask. The experiment was carried out for 15 days under sunlight with continuous 

aeration and constant pH of 7.1 at room temperature. Optical density of each flask 

was observed at 684nm in UV-visible spectrophotometer with every 2 days interval. 

At 15th day, 50 rnl of sample from each flask passed through pre-weighted Whatman's 

filter paper, dried in oven and reweighted to calculate the dry biomass. Based on these 

observation nitrogen source with higher growth rate and biomass productivity was 

selected for further microalgae cultivation. 

3.8.2. pH optimization 

Five flasks with working volume of 500ml BBM culture medium were inoculated 

with 5ml of sample into each flask and adjusted with five different pH ranges (5, 6, 7, 

8, 9) for pH optimization. Experiment settled for 15 days and optical density of each 

flask was recorded at 684nm in UV -visible spectrophotometer with interval of 2 days. 

After 15 days, 50 rnl sample from each flask filtered through dried, pre-weighted 

Whatman's filter paper and reweighted after drying in oven to calculate the dry 

biomass. pH of medium with higher growth rate and biomass productivity further 

selected for microalgal cultivation media. 
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3.8.3. Effect of Dark-Light cycle on growth 

Two flasks with working volume of 500ml, added with BBM medium and inoculated 

with 5ml of sample into each flask. One flask was incubated under sun light 12:12 

hours dark and light intervals while, other was incubated under 24 hours continuous 

illumination provided by fluorescent lamps. Experiment was carried out for 15 days in 

constant conditions and growth OD recorded at 684nm with 2 days interval. Thus, 

illumination dependent growth rate of microalgae (MSB) was determined. 

3.8.4. Effect of mixing (Air bubbles) on growth 

To check the effect of mixing through air bubbles on microalgal growth, two flasks 

were taken with 500ml BBM medium in each and inoculated with 5ml MSB strain 

culture in each. Proper air bubble mixing was provided in one flask through pump 

aerator while other was incubated without aeration source. Experiment was conducted 

for 15 days at room temp under continuous sunlight. Growth OD was measured after 

every two days interval at 684nm and effect of aeration/mixing was calibrated 

accordingl y. 

3.9. Microscopy of selected strain 

Morphology of MSB strain was observed with compound microscope. Slides were 

prepared by placing small drop of broth culture onto glass slide with addition of few 

emulsifying oil droplets and covered with coverslip. Slides were placed under lens of 

microscope and observed at lOX and 40X. 

3.10. Scaling up the cultivation of optimized MSB strain 

For scaling up the biomass production, MSB strain was shifted into two 5000ml 

flasks with working volume of 4000ml BBM medium. The flasks were incubated 

under sunlight and optimized conditions were provided. Optical density was recorded 

regularly at 684nm through spectrophotometer with 2 days interval and culture was 

grown till exponential phase. 
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3.11. Total carbohydrates, Reducing sugars and Lipids content 

determination before starvation 

Optimized MSB strain sample was collected during exponential phase. Sample was 

centrifuged and dried overnight in an oven at 60°C. Dried biomass was grinded and 

processed by acidic treatment for carbohydrates extraction. Total carbohydrates from 

acidic treated sample were estimated by Phenol-sulfuric acid method while reducing 

sugars were estimated by DNSA method. On the other hand, lipid content was 

estimated through below discussed protocol. 

Protocol: 0.5g of dried sample was dissolved in chloroform: methanol solution in 

10:20 ratio and left for 4 minutes. Solution was further added with 10mi of 

chloroform and filtered through Whatman filter paper No. I into graduated cylinder. 

Filter paper was then washed with water and that water was blended with 10mI of 

chloroform and re-filtered into cylinder. In cylinder solution allowed to settle down 

for 10 minutes and separated into two layers comprising lower layer of oil and 

chloroform mixture while upper layer of water and methanol. Total volume of lower 

chloroform layer was noted as "x" ml. Upper methanol-water layer was removed 

along with removal of some chloroform layer to assure the complete removal of upper 

layer and remaining volume of chloroform was considered as "y" ml. Solution was 

then transferred into a pre-weighed conical flask of "a" g and chloroform was 

evaporated in desiccator at 45°C. Residue was then weighed and weight of flask was 

noted as "b" g. Again, residue was dissolved in 5 ml of chloroform and evaporated 

and final weight of flask noted as "c" g. 

Lipid Content was determined as: 

Lipids weight (g): (b-a) - (c-a) = "d" g 

Total lipids (g)=Lipids weight (g) x "x" mIry" ml 

Total lipids (%) = Total Lipids (g)/Sample weight (g) x100 
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3.12. Nitrogen starvation for enhanced carbohydrates accumulation 

At exponential phase of growth biomass was centrifuged at SOOOrpm for S minutes to 

separate the nitrogen containing medium from culture. Supernatant was removed and 

pellet was shifted to the freshly prepared nitrogen deficient BBM medium. Culture 

was grown on nitrogen starved condition for 11 days and optical density was recorded 

regularly with interval of 1 day at 682nm. 

3.13. Total carbohydrates, reducing sugars and lipids content 

determination after starvation 

After giving the nitrogen starvation conditions for 11 days, sample was collected, 

centrifuged and dried overnight at 60°C. Acidic treated sample was evaluated by 

Phenol-sulfuric acid and DNSA methods to estimate the increase in total 

carbohydrates and reducing sugars content respectively while, above discussed 

protocol was followed for lipid content determination. 

3.14. Biomass Harvesting 

Biomass was harvested by using the centrifugation technique. Microalgae cell culture 

was centrifuged at SOOOrpm for IS minutes and separated in pellet form. Supernatant 

was discarded and pellet was dried overnight in a desiccator at 60°C. The dried 

sample was grinded into powder and preserved in air tight falcons. 

3.15. Biomass pre-treatment or hydrolysis optimization 

Microalgal biomass was pre-treated with dilute acid hydrolysis In which two 

parameters were optimized simultaneously that includes biomass loading rate and acid 

concentration whereas time and temperature maintained as constant. Four different 

biomass loading rates were evaluated that includes SglL, lOglL, lSglL and 20glL 

while 3 different acid concentrations were estimated including 1 % acid, 2% acid and 

3% acid. 

12 clean glass tubes were taken with 10ml of distilled water in each tube. Biomass 

powder and 9S% concentrated H2S04 were added in these tubes as given in Table No. 

3.4. 
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Table No. 3.4: Biomass hydrolysis optimization 

Test 1% acid Test 2% acid Test 3% acid 

tube tube tube 

No. Biomass 95% No. Biomass 95% No. Biomass 95% 

loading conc. loading conc. loading conc. 

rate H2SO4 rate H2SO4 rate H2SO4 

(gl10rnl) quantity (gl10rnl) quantity (gl10rnl) quantity 

(,.t1) (,..,1) (,..,1) 

1. 0.05g 105 J!l 5. 0.05g 210 J!l 9. 0.05g 315 J!l 

2. O.lg 105 J!l 6. O.lg 210 J!l 10. O.lg 315 J!l 

3. 0.15g 105 J!l 7. 0.15g 210 J!l 11. 0.15g 315 J!l 

4. 0.2g 105 J!l 8. O.2g 210 J!l 12. O.2g 315 J!l 

All these tubes were autoclaved at constant temperature and time of 121°C for 1 hour 

respectively. After cooling at room temperature solution in each tube was centrifuged 

at 10,000rpm for 10 minutes. Hydrolysates were separated in the form of supernatant 

and their pH was neutralized with NaOH. For the selection of optimum hydrolysis 

conditions, Phenol sulfuric acid and DNSA methods were further used to estimate 

total carbohydrates and reducing sugars released in hydrolysates. 

3.16. Yeast based fermentation for bioethanol production 

3.16.1. Yeast culture preparation 

Commercially recognized fermenter yeast known as "Lalvin" was used for the 

fermentation reaction. 

Table No. 3.5: YPD media composition 

Composition Quantity per Liter Working volume per 

100rnl 

Yeast extract 10glL 19 

Bacteriological peptone 20glL 2g 

Dextrose 20glL 2g 

Distilled water 1L 100m! 
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3.16.2. Broth inoculum preparation 

100ml of YPD broth was prepared in 250ml conical flask and autoclaved at 121°C. 

Small inoculum from already grown lalvin culture plate was transferred into flask 

aseptically. The flask was incubated in shaking incubator at 30°C and 150 rpm for 24 

hours. Optical density of broth culture was recorded at 620nm in UV-visible 

spectrophotometer with interval of 8 hours and culture allowed to grow until the 

growth OD was reached 2 units. Flask was then removed from incubator and stored at 

4°C until its further use. 

3.16.3. Biomass hydrolysis 

2g dried and grinded algal biomass was added with 100ml of distilled water and 1 % 

sulfuric acid in 250ml flask. The solution was stirred by magnetic stirrer for 30 

minutes, followed up by autoclaving at 121°C for 1 hour and then centrifuged at 

10000rpm for 10 minutes. Hydrolysate was separated in the form of supernatant and 

its pH was neutralized with NaOH and adjusted to 6.5-7. 

Table No. 3.6: LB medium preparation 

Composition Quantity per Liter Working volume per 

100ml 

Tryptone 109 19 

Yeast extract 5g 0.5 

NaCI 5g 0.5g 

Glucose 20g 2g 

Distilled water 1L 100ml 

3.16.4. Fermentation setup 

Fermentation setup was comprised of 3 reagent bottles containing 100ml of LB 

medium. pH was adjusted to 7 with 1M NaOH and autoclaved at 121°C for 45 

minutes. Bottles was filled in following manner given in table no. 3.7. 
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Table No. 3.7: Fermentation setup 

Serial Bottles LB medium Sugar source Yeast inoculum 

No. (v/v) 

pt Sample Present Microalgal 10% inoculum 

hydrolysate 

2nd Positive control Present Glucose 10% inoculum 

3rd Negative control Present Not any 10% inoculum 

After cooling at room temperature 10% yeast inoculum was added into each bottle. 15t 

bottle was containing LB medium in which microalgal hydrolysate was used in 

replacement of glucose as sugar source. 2nd bottle was taken as positive control having 

both the yeast culture and glucose as sugar source while, 3rd bottle was holding the LB 

medium lacking glucose or any other sugar source thus considered as negative 

control. 

3.16.5. Experiment 

Bottles were sealed with airtight rubber corks equipped with two pipes passing 

through each cork. Inside of the bottle, one pipe was dipped into the medium which 

was used for sample collection while the other pipe was above the surface of medium 

and connected with SOml graduated syringe from outside for gas collection. Corks 

were properly fixed and sealed by using black magic and nitrogen flushing was done 

to remove oxygen from bottles to ensure the anaerobic condition. Open ends of pipes 

from outside were locked by using stoppers and bottles were incubated for 72 hours at 

30°C with continues agitation at 120rpm.With regular interval of 8 hours, gas 

production was noted and sample was collected from each bottle. Optical density of 

samples was recorded at 620nm with UV - visible spectrophotometer and preserved at 

4°C. 

3.16.6. Quantitative estimation of bioethanol by potassium dichromate method 

Quantitative estimation of ethanol using biochemical method was done by potassium 

dichromate method. Method was based on the complete oxidation of ethanol by 

dichromate in the presence of sulphuric acid into acetic acid. 
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Acid dichromate solution: 200 ml of water was added to a 500ml conical flask and 

40 grams of potassium dichromate was dissolved in it. Then 275ml of concentrated 

sulphuric acid was carefully added. The flask was cooled under cold water tap and 

diluted upto volume of 500 ml with distilled water. 

2M Sodium hydroxide solution: 80g of N aOH was dissolved in 1000 ml of distilled 

water. 

Procedure: O.l-lml of absolute alcohol was taken in different test tubes and O.lml of 

solution was taken from fermentation sample collected on each day from both positive 

control and micro algal hydrolysate and volume of each test tube was adjusted to 1ml 

with distilled water. 1 ml of potassium dichromate reagent and 2 ml of 2M sodium 

hydroxide solution was added into each tube. Tubes were then incubated at 50°C for 

30 minutes and after cooling at room temperature optical density was measured at 

600nm by using UV -visible spectrophotometer. 

3.17. Biodiesel production 

3.17.1. Alkaline Transesterification 

Small 25 ml beaker was added with microalgal extracted oilllipids and pre-heated at 

65. Methanol in the ratio of 1:6 with respect to oil along with 1 % KOH was added and 

beaker was covered with foil to avoid methanol evaporation. Reaction was carried out 

at 65°Cand 600rpm for 2 hours on magnetic stirring heating plate. After reaction 

completion contents was shifted into test tube and kept static for 24 hours for layers 

separation. The upper yellow biodiesel layer was collected in glass viol by using 

micropipette and placed in desiccator at 45°C for methanol evaporation. 

3.17.2. Biodiesel or FAME analysis 

Fatty acid methyl esters formed after transesterification were analysed using Fourier 

Transform Infrared Spectrometer (FTIR) of Bruker, model tensor 27 with software 

version opus 65 equipped with ZnSe ART. 5111 sample of both micro algae oil and 

biodiesel was loaded at sample injector and 16 scans were performed in range of 400 

to 4000 cm- l and average was represented in the form of spectrum with different 

peaks ranges. 
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4.1. Microalgae sample collection and physiochemical 

characterization 

Microalgae sampling was carried out from Shahdara stream, located near Quaid-i

Azam University Islamabad. At time of sample collection temperature of location was 

noted as 29°Cand it was a bright sunny day. Water samples were brought to 

laboratory and their physiochemical analysis were performed there. 

Table No. 4.1: Fresh water samples physicochemical characterization 

Sr. No. Physiochemical characteristics Quantity 

1 TDS 47mglL 

2 TS 128 mglL 

3 COD 201 mglL 

4 Nitrate 4.9mglL 

5 pH 8.1 

6 Salinity 79 Jlcm 

7 Total Nitrogen 53 mglL 

8 Phosphate 45 mglL 

9 Sulfates 24mglL 

4.1. Culture enrichment and color appearance 

Microalgae samples were inoculated in BBM medium for culture enrichment and 

incubated at room temperature for 15 days under continuous illumination and 

aeration. Green color appearance in flasks indicated the micro algal growth as given in 

figure 4.1. 
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Figure 4.1: Microalgae culture enrichment 

4.2. Growth on agar medium and pure cultures screening 

1 ml from each enriched microalgal culture was poured onto BBM agar medium 

plates and plates were putted under illumination at room temperature for growth 

development. Figure 4.2(A) and indicates the spread micro algal growth on agar 

plates. Each unique colony differentiated on its appearance and morphology was 

streaked and further re-streaked onto BBM agar plates and pure cultures were isolated 

as shown in figure 4.2(B). 

Figure 4.2 (A): Spread growth on agar Figure 4.2(B): Pure culture growth 

4.3. Pure cultures development in broth 

Five different strains were isolated and shifted in BBM broth medium for cultures 

cultivation. Figure 4.3 A, Band C shows the pure cultures growth in flasks. 
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Figure 4.3 (A and B): Cultivation of pure cultures 

4.4. Pure cultures growth comparison 
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Figure 4.4: Pure cultures growth on BBM medium 
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4.6. Growth rate and biomass productivity 

Table 4.2: Pure culture specific growth rate and biomass productivity 

Microalgal strains Specific growth rate Biomass productivity 

(ll=lnX-InXo/No. of days) P dwt(gL"lday-l) 

FSB 0.115 0.196 

MSB 0.175 0.187 

FSL 0.115 0.138 

MSL 0.16 0.121 

FSB-2 0.083 0.128 

4.7. DNA extraction and gel electrophoresis 

CT AB method was followed for DNA extraction from samples. To confirm DNA 

presence after extraction 1 % agarose gel electrophoresis technique was performed. 

Samples was run in gel for 30 minutes and DNA bands was observed under UV 

illuminator. Figure 4.5 shows the DNA bands of isolated strains. 

Figure 4.5: Gel electrophoresis 
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4.8. Carbohydrates content determination 

Carbohydrates content of all the 5 isolated microalgal strains was determined for the 

selection of single strain with higher carbohydrates content. Acid extracted samples 

were treated with Phenol-Sulfuric acid method and standard curve was drawn. OD 

values of samples were integrated in trendline equation and total carbohydrates 

content of samples was determined. Figure 4.6 describes the standard curve of phenol 

sulfuric acid method. 
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Figure 4.6: Standard curve of phenol-sulfuric acid method 

100 

Estimated total carbohydrates content of strains grown in the presence of nitrogen 

source and after giving nitrogen starvation for 11 days is demonstrated in table No. 

4.3. 

Table No. 4.3: Total carbohydrates content of isolated strains 

Microalgae Pre-starvation Pre-starvation Post- Post-

samples carbohydrates carbohydrates starvation starvation 

Content content carbohydrates carbohydrates 

(mg/l00mg) (%) Content Content 

(mg/l00mg) (%) 

FSB 2.13 2.13 1.93 1.93 

MSB 2.23 2.23 2.45 2.45 

FSL 2.1 2.1 2.1 2.1 

Evaluating Indigenous Microalgae as Potential Source for Bioethanol Production 51 



Chapter# 4 Results 

MSL 2 2 1.94 1.94 

FSSB-2 1.76 1.76 2.1 2.14 

4.9. Reducing sugars estimation 

All strains when grown under the supply of nitrogen source and after giving nitrogen 

source starvation conditions for 11 days, were estimated for their reducing sugars 

content by dinitrosalicylic acid (DNSA) method. Sugars content was detennined by 

integrating the OD values of the samples in trendline equation of figure 4.7 represents 

DNSA standard curve while reducing sugars content is given as table No. 4.4. 
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Figure 4.7: Standard curve ofDNSA method 

Table No. 4.4: Estimated reducing sugars content of isolated strains 

Microalgae Pre-starvation Pre-starvation Post-starvation 

samples reducing reducing reducing 

Sugars content sugars content sugars content 

(mg/lOOmg) (%) (mg/100mg) 

FSB 3 3 

MSB 3.14 3.14 4.23 

250 

Post-

starvation 

reducing 

sugars 

content 

(%) 

4 

4.23 
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FSL 3 3 4 4 

MSL 2 2 3.5 3.5 

FSSB-2 2.45 2.45 3.8 3.87 

4.10. Strain Selection 

Based on better growth rate, higher biomass productivity and carbohydrates 

accumulation with respect to other strains, MSB strain was selected for evaluation of 

its subsequent bioethanol production potential. 

4.10.1. Morphological characterization: 

Microscopic observation of MSB strain at 40X magnification indicated the greenish 

colored MSB strain as crescent-shaped cells with colony size of up to 40 ~m as shown 

in figure 4.8 A and B. 

Figure 4.8 (A and B): Microscopy 

4.10.2. Optimization ofMSB strain 

4.10.2.1. Nitrogen source optimization 

The growth of micro algae strain MSB was determined on four different nitrogen 

sources like NH4Cl, Urea, NaN03, KN03 in quantity of O.25g1L. Best growth and 

biomass production was observed when used Urea as nitrogen source as shown in 

figure 4.9 (A) and (B). 
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Figure 4.9 (A): Nitrogen sources effect on growth rate 
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Based on different Nitrogen sources dry biomass of MSB strain after 15 days 
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Figure 4.9 (B): Nitrogen sources effect on biomass production 

4.10.2.2. pH optimization 

15 

MSB strain cultured for 15 days in Urea-modified BBM medium adjusted with five 

different pH ranges of 5, 6, 7, 8, 9. Higher growth rate and biomass production was 

recorded at pH 7 as shown in figure 4.10 (A & B). 

Evaluating Indigenous Microalgae as Potential Source for Bioethanol Production 54 



Chapter# 4 Results 

1.4 

"""' 1.2 e 
= ~ 

1 QO 
\C 
'-' 

0 0.8 .... 
Vl 

= Q,) 0.6 ~ -~ 
c.I 0.4 .... .... 
=-0 0.2 

0 
0 3 6 9 12 15 

Time (days) 

Figure 4.10 (A): pH effect on growth rate 

Based on different pH dry biomass of MSB strain after 15 days 
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Figure 4.10 (B): pH effect on biomass production 

4.10.2.3.Effect of aeration/mixing on micro algal growth 

13 days experiment containing optimized conditions with Urea-modified BBM 

culture medium, adjusted pH 7 and incubated with 12:12 dark light cycle under 

sunlight showed higher growth rate in proper air bubbles mixing condition supplied 

through pump aerator as compared to condition without aeration as shown in figure 

4.11. 
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Figure 4.11: Aeration effect on growth 

4.10.2.4. Effect of Dark-Light Interval on micro algal growth 

Experiment carried out for 13 days containing optimized conditions of medium and 

pH showed higher growth rate when incubated under 24 hours continuous 

illumination provided by fluorescent lamps as compared to culture kept under sun 

light with 12:12 hours dark and light intervals as indicated in figure 4.12. 
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Figure 4.12: Effect of light interval on growth 
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4.10.3. MSB strain growth under optimized conditions 
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Figure 4.13: MSB growth under optimized conditions 

4.10.4. MSB strain growth under nitrogen starvation conditions 
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Figure 4.14: MSB growth under nitrogen starvation conditions 

4.10.5. Seasonal variation effect on biomass production 

Growth and biomass production was significantly affected by temperature variation. 

Maximum biomass production of 1.75g1L was observed in the month of August at 
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elevated temperature while lowest production of 0.8g1L was recorded in December 

shown by figure 4.15. 
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Figure 4.15: Seasonal variation/temperature effect of on biomass 
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4.10.6. Carbohydrates, reducing sugars and lipids determination before 

nitrogen starvation 

MSB strain cultured in optimized conditions and harvested at its exponential phase 

when grown in the presence of sufficient nitrogen source. Sample was then treated 

with respective methods for evaluating its total carbohydrates, reducing sugars and 

lipids content accumulation accordingly as demonstrated in table No. 4.5. 

Table No. 4.5: Pre-starvation estimations 

Total Soluble Insoluble Reducing Lipids 

carbohydrates carbohydrates Carbohydrates sugars content content 

(mg/l00mg) (mg/l00mg) (mg/l00mg) (mg/100mg) (%) 

7.67 1.6 6.07 7.455 19.6 
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4.10.7. Carbohydrates, reducing sugars and lipids determination after nitrogen 

starvation 

Culture of MSB strain which was grown in optimized conditions was harvested at its 

exponential phase and transferred for culturing into nitrogen deficient medium for 11 

days. After harvesting and drying sample was treated with respective methods to 

determining the change in its carbohydrates, reducing sugars and lipids content 

accumulation as demonstrated in table No. 4.6. 

Table No. 4.6: Post-starvation estimations 

Total Soluble Insoluble Reducing Lipids 

carbohydrates carbohydrates Carbohydrates sugars content 

(mg/l00mg) (mg/l00mg) (mg/l00mg) content (%) 

(mg/l00mg) 

9.78 2.30 7.4 8.95 22.1 
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Figure 4.16: FTIR spectra indicating change in micro algal biomass at pre

starvation post-starvation and carbohydrates extracted state 
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4.10.8. Acid hydrolysis optimization 

Two parameters were optimized simultaneously ill dilute acid hydrolysis of 

microalgal biomass that includes biomass loading rate and acid concentration whereas 

time and temperature were kept constant. Four biomass loading rates (5 giL, 10glL, 

15g1L and 20glL) were used along with 3 different acid concentrations (1 %, 2% and 

3% acid). For the selection of optimum hydrolysis conditions, Phenol Sulfuric acid 

and DNSA methods were further used to estimate total carbohydrates and reducing 

sugars released in hydrolysates. Maximum biomass hydrolysis was achieved when 

5g1L biomass treated with 1 % concentrated acid as shown in table No. 4.7. 

Table No. 4.7: Hydrolysis optimization 

1% Acid Hydrolysis 

Biomass loading Biomass Carbohydrates in Reducing 

rate loaded hydrolysate sugars in 

(gIL) (mg/10ml) (mg/10ml) hydrolysate 

(mg/10ml) 

5 50 0.65 1.47 

10 100 1 2.3 

15 150 1.3 3.51 

20 200 1.67 3.9 

2% Acid Hydrolysis 

Biomass loading Biomass Carbohydrates in Reducing 

rate loaded hydrolysate sugars in 

(gIL) (mg/10ml) (mg/lOml) hydrolysate 

(mg/10ml) 

5 50 0.4 1.23 

10 100 0.86 2.65 

15 150 1.034 3.45 

20 20 1.14 3.56 

3%Acid Hydrolysis 

Biomass loading Biomass Carbohydrates in Reducing 
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rate loaded hydrolysate sugars in 

(gIL) (mg/10ml) (mgllOml) hydrolysate 

(mg/10ml) 

5 50 0.4 1.6 

10 10 0.74 1.96 

15 150 1.2 3.55 

20 20 1.5 3.86 

4.10.9. Bioethanol production through fermentation 

Bioethanol production setup was comprised of 72 hours fermentation experiment 

consisting of 3 anaerobic reactors with 100ml of LB medium and 10% yeast culture 

(growth OD 2) in each. Positive control provided with glucose as sugar source instead 

of microalgal biomass hydrolysate while negative control was without any sugar 

source. First sample was collected at 15 hours of experiment while next were taken 

regularly with 8 hours interval and gas production was also noted. 

Figure 4.17: Fermentation reactors 

4.10.9.3.Evaluating yeast culture growth rate during fermentation 

Optical density different intervals were recorded at 620nm for growth rate evaluation 

of yeast culture during fermentation. Maximum growth rate of yeast culture (in both 
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positive control and microalgal hydrolysate) was observed at 47 hours as shown in 

figure 4.1 8. 
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Figure 4.18: Yeast culture growth rate during fermentation 

4.10.9.4.Gas collected during fermentation 

63 72 

First gas collection was performed at 15 hours of experiment while next were taken 

regularly with 8 hours interval. In positive control maximum gas collection was 

achieved within 15 hours. While in microalgal hydrolysate maximum gas was 

collected during 39 to 63 hours fermentation as shown in table No. 4.8. 

Table No. 4.8: During fermentation gas collected with intervals 

Time Biomass hydrolysate Positive control Negative control 

(hour) gas production (ml) gas production (ml) gas production (ml) 

15 3 68 0 

23 0.8 4 0 

31 0 0 0 

39 4 0 0 

47 13 0 0 

55 2 0 0 

63 10 0 0 

72 0 0 0 
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4.10.9.5. Quantitative estimation of bioethanol by potassium dichromate method 

Biochemical technique used for the quantitative estimation of bioethanol was 

potassium dichromate method. The process was based the complete oxidation of 

ethanol into acetic acid by dichromate in the presence of sulphuric acid. Standard 

curve of potassium dichromate is shown as figure 4.20, while bioethanol content was 

estimated by integrating the OD values of samples in trendline equation of the 

standard curve and given as table No. 4.9. 

Figure 4.19: Potassium dichromate test 
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Figure 4.20: Ethanol estimation standard curve 
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Table No. 4.9: Bioethanol produced during fermentation 

Days Bioethanol from micro algal Bioethanol from positive 

hydrolysate (%) control (% ) 

Day 1 4.8 21.7 

Day 2 18.36 22 

Day 3 18.75 22 

4.10.10. FT-IR Analysis of micro algae oil and its biodiesel 

FTIR analysis was performed for biodiesel production confirmation by identification 

of functional groups and their various stretching and bending existing in oil and 

biodiesel. Microalgal oil FTIR spectrum was compared with standard FTIR frequency 

range proposed by Hsieh et al., (2015) as shown in table No. 4.1 0. FTIR spectra of 

microalgal oil is shown in figure 4.21, while FTIR spectrum of its biodiesel is given 

as figure 4.23 and their blend as figure 4.25. 
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Figure 4.21: FTIR spectra of micro algal oil 
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Figure 4.22: FTIR spectrum of different bio-oils (CO: Canola oil, KO: rapeseed 

Kizakinonatane oil and used Canola frying oil) for micro algal oil comparison 

(Zhang et aI., 2015) 
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Figure 4.23: FTIR spectra of micro algal biodiesel 
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Figure 4.24: FTIR spectra of petro and micro algae Spinllina platensis bio-diesel 

(BO and BI00, respectively), for micro algal biodiesel comparison (Mostafa and 

EI-Gendy., 2017) 

Table No. 4.10: Description of FTm bends and stretches of micro algal oil and 

biodiesel 

Functiona Class of Band Band Frequency 

I groups compound assignments assignments range 

(cm-I) (cm-I) (cm-I) 

(Micro algal (Micro algal 

oil) biodiesel) 

O-H Phenols, 3324.86 3200-3600 

stretching polymeric O-H, 

water, 

impurities 

C-H Alkanes 2850.90, 2854.00, 2930.09 2800-3200 

stretching 2923.40, 

3141.84, 

3188.64 
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C=Q Ketones, 1741.12 1649.93, 1741.78 1650-1750 

stretching aldehydes, 

esters 

C=C Alkenes, 1620.56 1627.72 1580-1650 

stretching aromatic 

compounds 

C-H Alkanes 1459.54 1375.17,1414.97, 1350-1470 

deformatio 1464.68 

n 

C-O Primary 1160.90 1157, 1175, 950-1300 

stretching, secondary and 1231.60.,1257.44 

tertiary 

alcohols, 

phenols 

O-H Mono, 825.31 675-900 

bending polycyclic, 

substituted 

aromatic rings 
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Figure 4.25: Integrated FfIR spectra of Microalgal oil and Biodiesel 
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The current study was primarily focused on isolation, molecular characterization and 

optimization of indigenous microalgae strain and evaluation as potential source for 

biofuels production. The strain was analyzed for best growth at different Nitrogen 

sources, pH, dark-light intervals aeration effects and nutritional starvation. Afterward 

the optimized strain was cultivated at work station green house for large scale 

production firstly on nutrition sufficient and then on starvation conditions. Harvested 

culture was evaluated for biofuels production specifically focused on bioethanol and 

up to some extent for biodiesel production. The results detail and comparison with 

literature is discussed below. 

Microalgal samples were firstly enriched in BBM broth medium and then through 

standard plating methods 5 microalgal pure strains were isolated on BBM agar 

medium after 7 to 10 days incubation in green house. In comparison Lee et al., 

(2014) used BGll agar as growth medium and isolated pure cultures by using 

standard spread and streak plate methods and incubating in green house for 14 days. 

Specific growth rate, biomass productivity, total carbohydrates and reducing sugars 

content of all the 5 strains was evaluated for strain selection with higher biomass 

productivity and carbohydrates content. Growth rate of MSB strain was calculated as 

0.175)l/day with 0.187gL-1 day-l biomass productivity described in table No. 4.2. 

Result evsaluated by Nascimento et al., (2013) reported specific growth rate of 

Botryococcus braunii and Botryococcus terribilis as 0.13 )l/day while for 

Chlamydocapsa bacillus found as 0.75)l/day. Indigenous strain MSB also exhibited 

higher biomass productivity ofO.187gL-1 day-l than earlier reported 0.13 to 0.25 gL-1 

day-l (Nascimento et al., 2013; Liang et al., 2009). Phenol-sulphuric acid method 

and DNSA method respectively exposed that MSB strain was having 2.23% total 

carbohydrates and 3.14% reducing sugars which was the highest accumulation among 

all the 5 isolated strains as shown in table No. 4.3 and 4.4. On the other hand, 1.76% 

accumulation in FSB-2 strain was indicated as the lowest accumulation of 

carbohydrates. With respect to literature, Brown and Jeffrey., (1992) determined the 

carbohydrates content of 10 green microalgae species collected from marine water in 

the range of 10.8-16.7% except Chlorella sp. CS-195 that accounts for only 5.9% of 

carbohydrates. Main reasons for these differences in compositional ratios can be 

species diversity, mechanisms of retraction, nutrients availability and environmental 

Evaluating Indigenous Microalgae as Potential Source for Bioethanol Production 69 



Chapter# 5 Discussion 

conditions. Based on these biochemical evaluations MSB strain was selected for 

further its optimization and bioethanol production evaluation. 

Macronutrients specifically nitrogen is one of the most important factors effecting 

microalgal growth. Strain MSB growth was determined on 0.25g/L quantity of four 

different nitrogen sources that includes KN03, NaN03, NH4Cl and Urea. Highest 

growth rate biomass productivity was achieved when used Urea as nitrogen source as 

shown in figure 4.9 (A and B). Similar study was conducted by Ho et al., (2013) as 

they used four cornmon nitrogen sources like NH4N03, urea, NH 4Cl and KN03 for 

the cultivation of C. vulgaris FSP-E and achieved highest specific growth rate 1.206 

d l and biomass productivity of 210.48 mg Lid i . On the other hand, leaded to 

maximum glucose and total carbohydrates content accumulation of 46.6 ± 0.6% and 

51.0 ± 0.7% respectively. 

According to (Bajhaiya et al., 2010), for microalgal growth pH is the most 

protuberant factor next to illumination and temperature. MSB strain growth was 

examined in BBM medium adjusted with range of pH 5, 6, 7, 8 and 9. Optical density 

of growth was observed at 684 nrn with UV-visible spectrophotometer after regular 

time interval. Highest strain growth and biomass productivity was recorded in BBM 

medium adjusted with pH 7 as shown in figure 4.10 (A and B). Spolaore et al., (2006) 

optimized the growth conditions for Nannochloropsis oculata by using RSM (the 

response surface method) approach. Along with other factors they checked the effect 

of pH range from 7 to 9.4 on specie growth and found 8.2 as the most optimum pH for 

Nannochloropsis oculata growth. 

Proper mixing and illumination duration is necessary for better microalgal growth. 13 

days experiments was conducted to check the effect of mixing through air bubble and 

dark:light intervals on MSB strain growth. Much higher growth rate was observed in 

condition with proper air bubble mixing through pump aerator as compared to culture 

without mixing as shown in figure 4.11. Mixing is proved as another crucial factor 

influencing micro algal growth as it helps in gaseous exchange and responsible for 

homogenization of cell culture, metabolites and temperature (Barbosa., 2003). 

Experiment regarding light interval observation showed higher growth rate when 

incubated under continuous illumination for 24 hours provided by fluorescent lamps 

as compared to culture kept under sun light in green house with 12:12 hours dark and 
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light intervals as described in figure 4.12. Jacob-Lopes et at., (2009) investigated the 

effect of light cycles (from 0:24 to 24:0 night:day intervals) on biomass production 

and C02 fixation. He found a linear reduction in growth and carbon-fixation was 

reduced up to 99.69% when compared to cultures gained under continuous 

illumination. 

Effect of seasonal variation (temperature) on microalgal biomass production was 

evaluated and highest biomass production was noted as 1.75g1L in month of August 

(having plenty of rain) with average temperature of 29°C. While in winter lowest 

biomass production of 0.8 giL was recorded in December with average temperature of 

15°C as defined in figure 4.15. Temperature could be considered as the most 

prominent factor influencing rnicroalgal cell growth and its biochemical pathways. 

Though average optimum growth temperatures for microalgae ranges between 20 to 

25°C but it is usually specie specific. Mesophilic species gives maximum growth 

between 20 and 25°C while for psychrophilic strains it can be decreased to 17°C 

and increased up to 40 °C for thermophilic strains (Ras et at. , 2013). De Oliveira et 

aI., (1999) evaluated the increase in growth and biomass production along with 

stimulated carbohydrates synthesis when cultivated S. maxima on temperature 

between 30°C and 35°C. 

To analyze the biofue1s production potential MSB strain was cultivated with 

optimized conditions on large scale. In optimized conditions strain was observed with 

increase in total carbohydrates content that reached up to 8% along with sugar content 

of 7.5% while the lipids content of strain was estimated as 19.6% as shown in table 

4.5. At exponential growth phase culture was shifted to nitrogen starved condition for 

11 days resulting in increased of total carbohydrates content up to 10% while 

reducing sugar content also reached up to 9%. On the other hand, starvation condition 

also resulted as increase in lipid content to 22.1 % mentioned in table No 4.6. 

Similarly, Ho et at., (2013) investigated Chlorella vulgaris FSP-E under nitrogen 

starved conditions for 11 days and reported the increase in carbohydrates content from 

14.76 to 51.32% on 4rth day of starvation and 93% of these carbohydrates were 

comprised of glucose. Nitrogen starvation reduces the protein content of the cell and 

leads toward the enhanced accumulation of high energy products like carbohydrates 

or lipids (Ho et at., 2012; Siaut et at., 2011). Some rnicroalgal strains could store high 

Evaluating Indigenous Microalgae as Potential Source for Bioethanol Production 71 



Chapter# 5 Discussion 

amount of carbohydrates under stressed conditions either in cell wall as cellulose 

(S0rensen et ai., 2012) or within plastids in the form of starch (Rismani-Yazdi et ai., 

2011). 

Dried biomass of the MSB culture was treated with dilute acid hydrolysis for 

carbohydrates extraction. Two parameters were optimized simultaneously that 

includes biomass loading rate and acid concentration whereas time and temperature 

were kept constant. Four biomass loading rates (5g1L, 10glL, 15g1L and 20glL) were 

used along with 3 different acid concentrations (1 %, 2% and 3% acid). Maximum 

hydrolysis was achieved at 5g1L biomass loading rate with 1 % acid concentration as 

shown in table No. 4.7. Ho et ai., (2013) conducted Similar study in which different 

loadings rates of C. vuigaris FSP-E dry biomass ranging from 10 to 80 giL was 

hydrolyzed with 1 to 5% (v/v) of sulfuric acid concentration for 20 min at 121°C. 

They found 50 g L-1 biomass loading rate with 1% acid as the most suitable 

combination for hydrolysis which resulted in above 95% glucose yield. In my study 

possible reason for lower hydrolysis achievement with increased biomass loading 

could be the high biomass to acid ratio resulting in less exposure of biomass to 

hydrolyzing reagent. 

Bioethanol production setup was comprised of 72 hours fermentation experiment 

consisting of 3 anaerobic reactors with 100m! of LB medium and 10% yeast culture 

(growth OD 2) in each. Positive control provided with glucose as sugar source instead 

of microalgal biomass hydrolysate while negative control was without any sugar 

source. Bioethanol production in both positive control and microalgal hydrolysate was 

strongly evidenced by the gas collection in both reactors while, there was no gas 

production noticed in negative control. There was also observed the increase in yeast 

culture growth in both the sample and positive control while in negative control yeast 

culture count was remained same throughout the reaction with slight decrease in 

growth rate rather than increase, this also proved the bioethanol production in sample 

reactor. In positive control maximum gas collection was achieved within 15 hours. 

While in micro algal hydrolysate maximum gas was collected during 39 to 63 hours 

fermentation as shown in table No. 4.8. This indicated the slower bioethanol 

production in sample as compared to positive control and maximum growth rate of 

yeast culture was observed at 47 hours in both positive control and micro algal 
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hydrolysate as indicated in figure 4.18. Potassium dichromate method was used for 

the quantitative estimation of bioethanol as biochemical technique and maximum 

18.75% bioethanol produced from microalgal hydrolysate as shown in table No. 4.9. 

MSB strain biomass was also evaluated for biodiesel production and solvent 

extraction method was used for lipids extraction. Lower layer of chloroform with 

dissolved lipids in it was taken and oil was separated. During the trans esterification 

reaction alcohol reacts with long chain fatty acids and converts them into biodiesel 

(mono alkyl esters oflong chain fatty acids) thus reaction is also known as alcoholysis 

(Ma and Hanna., 1999). In this study methanol was used as alcohol and alkali 

catalyzed transesterification was performed to convert microalgae oil into FAME with 

conditions (l:6 molar ratio of oil and methanol, 65°C temperature, 1 % KOH catalyst 

at 600rpm for 2 hours). 95-96% biodiesel yield could be achieved by using 

methanol/oil in molar ratio of 6:1 with catalyst concentration of 1.0% potassium 

hydroxide at 65°C through proper stirring at 600 rpm (Rashid and Anwar., 2008). 

FTIR analysis was performed for biodiesel production confinnation by identification 

of functional groups and their various stretching and bending existing in oil and 

biodiesel. There was slight alteration observed between microalgae oil and its 

biodiesel spectra. c=o of ester stretch was observed at 1741.12 in microalgae oil 

while this stretch was located at 1649.93 and 1741.78 in biodiesel and c-o in 

microalgal oil was observed at 1160.90 while these ester band stretches were 

observed at 1157,1175,1231.60.,1257.44 in biodiesel and there were no such bands 

indicated in oil in this region. The presence of these ester groups indicated the 

production ofbiodiesel from the algal oil as shown in figure 4.21, 4.23. c=o derived 

strong bands of esters are located within 1650-1750 cm- i on spectra which confirms 

the existence of carbonyl groups of esters whereas, weaker bands of c-o can also 

appear in the range 900-1300 cm- i (Stehfest et at., 2005). 

All these above discussed factors proved that by growing the MSB strain with 

optimized parameters and giving nitrogen stress effectively enhances its biomass 

productivity and carbohydrates accumulation thus can be used as potential source for 

biofuels (bioethanol and biodiesel) production. 
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Pakistan being a developing country undergoing through severe energy crisis and 

environmental concerns related to fossil fuels, therefore, biofuels production from 

microalgae could be the most possible solution for all these issues. 

~ Depending upon growth rate, biomass productivity and carbohydrates 

accumulation, MSB was shown as the finest one from all the 5 isolated strains and 

selected for further study. 

~ Urea (0.25g1L) as nitrogen source, pH 7, proper aeration supply and 24 hours 

illumination were proved to be the optimized conditions for maximum MSB strain 

growth and biomass productivity. 

~ Optimized growth conditions and nitrogen starvation proved to have better impact 

on carbohydrates and lipids accumulation in MSB strain. 

~ 20glL biomass treated with 1 % concentrated sulfuric acid at 121°C for 1 hour was 

proved as the optimum dilute acid hydrolysis conditions for carbohydrates 

extraction from microalgal biomass. 

~ In 72 hours fermentation experiment, maximum growth activity and gas collection 

was recorded during 39 to 63 hours of fermentation, and potassium dichromate 

method turning micro algal hydrolysate color from brown to bottle green similar to 

positive control clearly indicated bioethanol production. 

~ Biodiesel production potential was also evaluated for making the process 

economically more feasible and esters peaks of FTIR results clearly indicated the 

bio-oil and biodiesel production. 
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Present study prospects for future are given as: 

• Complete use of carbohydrates extracted biomass for biodiesel and biogas 

production for making the biofuels production process more economical. 

• Screening and optimization of bacteria II fungal strains other than yeast, capable 

of hydrolyzing pentose sugars for enhanced bioethanol production as 

Saccharomyces cannot metabolize these sugars. 

• Development of feasible, economic and harmless micro algal biomass 

harvesting method for large scale cultivation. 

• Effective carotenoids production from MSB strain for their applications in 

cosmetics food and pharmaceuticals. 

• Pilot scale study on use of microalgae as potential feedstock for biofuels 

(biodiesel, bioethanol and biogas) production. 

• Microalgae co-digestion with other organic substrates for the enhancement of 

biogas production. 

• Lab scale continuous bioreactor for bioethanol production from MSB strain. 

• Temperature and media optimization for higher biomass and carbohydrates 

productivity. 

• Microalgae digestate can be effectively used as fertilizer for crops cultivation. 

• Enzymatic transesterification of microalgae oil by using immobilized enzyme 
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