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ABSTRACT

This study aimed to extract omega-3 fatty acids from a newly isolated strain of microalgae, T.
obliquus. The first goal was to isolate a pure strain from a mixed culture using serial dilution
and plating techniques. Successful isolation was confirmed by observing key morphological
traits and comparing them with existing literature. The next step was to optimize the culture
conditions to boost both productivity and lipid content. Various pH levels, ranging from 3.0 to
11.0, were tested, with pH 7.0 emerging as the best for growth and lipid production. Monitoring
growth over time showed that the stationary phase, about three weeks into cultivation, was the
optimal time for harvesting maximum biomass and lipid content. Temperature trials indicated
that 25°C was the most favourable for growth and lipid synthesis. The final objective was to
develop a reliable and scalable method for extracting lipids, including omega-3 fatty acids,
using the Bligh and Dyer solvent extraction method. Biomass from different cultures was
combined for uniform analysis, centrifuged to concentrate the cells, and then resuspended in
Milli-Q water. The cells were disrupted using ultrasonication, followed by the addition of a
solvent mixture of methanol, chloroform, and Milli-Q water. After vertexing, centrifugation,
and incubation, the oil-rich layer was separated and collected. The lipid content was calculated,
demonstrating the effectiveness of the extraction process. Although specific analysis of omega-
3 fatty acid content was not performed, the successful extraction of lipids highlights the
potential of T. obliquus as a source of these valuable fatty acids. The optimized culture
conditions and effective extraction method lay the groundwork for future studies to further
explore the nutritional and industrial applications of these lipids. The results underscore the
promise of T. obliquus as a viable source of omega-3 fatty acids, with potential applications in

nutraceuticals and biofuel production.




CHAPTER-1: INTRODUCTION

The increasing global demand for sustainable sources of omega-3 fatty acids has driven
extensive research into alternative, eco-friendly production methods. Traditionally sourced
from fish oil, omega-3 fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are essential for human health, contributing significantly to cardiovascular,
neurological, and anti-inflammatory functions. However, the depletion of marine resources
due to overfishing and the environmental impact of marine harvesting present substantial
challenges. Therefore, alternative sources are urgently needed. Microalgae, particularly T.
obliquus, are promising candidates due to their high lipid content and the feasibility of
cultivating them under controlled conditions.

1.1 Importance of Omega-3 Fatty Acids

Omega-3 fatty acids are vital polyunsaturated fats that the human body cannot synthesize,
necessitating their intake through diet or supplements. They play a crucial role in maintaining
cell membrane fluidity, regulating inflammation, and supporting brain function. Numerous
studies have linked sufficient omega-3 intake to a reduced risk of chronic diseases such as
heart disease, arthritis, and certain cancers. Additionally, omega-3 fatty acids are associated
with improved mental health, including lower risks of depression, Alzheimer’s disease, and
cognitive decline with aging. The health benefits of omega-3 fatty acids are based on their
molecular functions. They are integral components of cell membranes, enhancing fluidity and
influencing various signalling pathways. Omega-3s are precursors to eicosanoids, molecules
that regulate inflammation and immune responses. For cardiovascular health, omega-3s help
lower triglyceride levels, reduce blood pressure, and prevent irregular heartbeats. In terms of
mental health, EPA and DHA are crucial for brain development and function, affecting
neurotransmission and reducing inflammation. Given these wide-ranging benefits, it is
essential to find sustainable sources of omega-3 fatty acids to meet growing global demand.
1.2 Challenges of Conventional Omega-3 Sources

The primary sources of omega-3 fatty acids are marine-based, particularly fish oil. However,
overfishing has significantly depleted fish populations, leading to ecological imbalances and
disrupting marine food webs. Additionally, marine pollution raises concerns about the
contamination of fish oil with heavy metals and other toxins, posing health risks to consumers.
These challenges underscore the necessity for alternative sources that are both sustainable and
safe. Fish farming, an alternative to wild-caught fish, also faces significant challenges.

Intensive aquaculture practices can lead to environmental degradation, including water




pollution and the spread of diseases among fish populations. Moreover, the feed for farmed
fish often relies on wild-caught fish, perpetuating the pressure on marine ecosystems.
Therefore, identifying alternative sources that do not rely on marine resources is imperative.
1.3 Microalgae as a Sustainable Alternative

Microalgae, such as T. obliquus, present a viable alternative to traditional sources of omega-
3 fatty acids. These microorganisms offer several advantages over conventional sources. They
exhibit high growth rates and lipid content, and they can be cultivated in diverse environments,
including freshwater and seawater. Furthermore, microalgae cultivation does not compete
with agricultural land or freshwater resources, making it an environmentally sustainable
option. Microalgae are the primary producers of omega-3 fatty acids in the marine food web.
Fish accumulate these fatty acids by consuming microalgae or other organisms that have
ingested them. By cultivating microalgae directly, it is possible to bypass the intermediate
steps and produce omega-3 fatty acids more efficiently. Additionally, microalgae can be
grown under controlled conditions, reducing the risk of contamination and ensuring consistent
quality.

1.4 Cultivation of T. obliquus

Cultivating T. obliquus involves creating optimal conditions for growth and lipid production.
This includes regulating factors such as light intensity, temperature, pH, and nutrient
availability. T. obliquus is particularly known for its ability to produce high amounts of lipids
under stress conditions, such as nitrogen deprivation. By manipulating these conditions, it is
possible to maximize the yield of omega-3 fatty acids. Light intensity and quality are crucial
for the photosynthetic activity of microalgae. Specific wavelengths of light can enhance lipid
production by affecting photosynthetic and metabolic pathways. Temperature regulation is
also essential, as it influences enzymatic activities involved in lipid biosynthesis. Maintaining
optimal pH levels ensures cellular homeostasis and metabolic efficiency. Nutrient availability,
particularly nitrogen, is pivotal for lipid accumulation, as nitrogen deprivation triggers a
metabolic shift towards lipid storage.

1.5 Lipid Extraction Techniques

Developing efficient and scalable lipid extraction methods is crucial for commercial
applications of T. obliquus. The Bligh and Dyer method is widely used for microalgae lipid
extraction. This solvent extraction method involves several steps: biomass collection,
centrifugation, cell disruption, solvent addition, mixing, phase separation, and lipid collection.
Optimizing each step significantly impacts the yield and quality of the extracted lipids.

Biomass harvesting typically involves recovering microalgae from the culture medium
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through centrifugation or filtration. The collected biomass is then subjected to cell disruption
techniques such as ultrasonication, bead milling, or high-pressure homogenization to release
the intracellular lipids. The disrupted biomass is mixed with a solvent mixture (usually
methanol and chloroform) to extract the lipids. After mixing and centrifugation, the lipid-rich
organic phase is separated from the aqueous phase, which contains cell debris. The organic
phase is collected, and the solvents are evaporated to obtain the crude lipid extract. Further
purification may be necessary to remove impurities and concentrate specific lipid fractions.
1.6 Potential Applications

The successful cultivation and lipid extraction from T. obliquus have significant implications
for various industries. The extracted lipids can be used in the nutraceutical industry to produce
omega-3 supplements, providing a sustainable alternative to fish oil. Additionally, the biofuel
industry can benefit from the high lipid content of T. obliquus, as these lipids can be converted
into biodiesel. The cosmetic industry also finds value in microalgae-derived lipids for their
moisturizing and anti-inflammatory properties. Further research is needed to optimize the
cultivation and extraction processes to enhance the efficiency and scalability of omega-3
production from microalgae. Advances in genetic engineering and metabolic engineering can
improve lipid yields and the quality of the extracted fatty acids. Moreover, developing cost-
effective and sustainable cultivation systems, such as photobioreactors and open pond
systems, will be crucial for large-scale production. The shift towards microalgae as a source
of omega-3 fatty acids represents a significant step towards sustainability. T. obliquus, with
its high lipid content and the feasibility of controlled cultivation, emerges as a promising
candidate. The optimization of cultivation conditions and extraction methods will be pivotal
in realizing the full potential of microalgae as an alternative source of omega-3 fatty acids.
This shift not only addresses the challenges of overfishing and marine pollution but also opens
new avenues for sustainable and eco-friendly production methods, ensuring a reliable supply
of these essential nutrients for future generations.

1.7 Recent Advances and Innovations

Recent advances in biotechnology and bioprocessing have significantly enhanced the
feasibility of microalgae as a source of omega-3 fatty acids. Innovations in photobioreactor
design have improved light distribution and carbon dioxide delivery, leading to higher
biomass productivity. The development of closed-system photobioreactors has also mitigated
contamination risks, ensuring more consistent and high-quality production.

Moreover, breakthroughs in genetic engineering have allowed for the modification of

microalgae strains to boost lipid accumulation and enhance the profile of omega-3 fatty acids.
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Techniques such as CRISPR-Cas9 have been employed to knock out genes that inhibit lipid
production or to introduce genes that enhance fatty acid synthesis. Metabolic engineering
strategies have also been used to redirect the metabolic flux towards lipid biosynthesis,
significantly increasing the yield of omega-3 fatty acids.

1.8 Environmental and Economic Considerations

The environmental benefits of using microalgae as a source of omega-3 fatty acids extend
beyond sustainable production. Microalgae cultivation can also contribute to carbon capture
and wastewater treatment. Algae can utilize carbon dioxide from industrial emissions, thereby
reducing greenhouse gas levels. Additionally, they can grow in nutrient-rich wastewater,
thereby removing pollutants and reducing the environmental impact of wastewater discharge.
From an economic perspective, the scalability of microalgae production is a critical factor.
While initial investment costs for photobioreactors and other cultivation systems can be high,
ongoing advancements in technology and process optimization are driving down costs. The
co-production of high-value by-products, such as pigments and proteins, can also improve the
economic viability of microalgae-based omega-3 production. Overall, the integration of
microalgae cultivation with existing industrial processes can create a synergistic effect,
enhancing both environmental and economic outcomes. As research progresses, the combined
efforts of academia, industry, and government agencies will be crucial in overcoming
remaining challenges and fully realizing the potential of microalgae as a sustainable source of

omega-3 fatty acids.

Objectives
1. Isolation and morphological characterization of microalgae strain.
2. Optimization of culture conditions.

3. Extraction of lipids from microalgae biomass.
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CHAPTER-2: LITERATURE REVIEW

Microalgae are remarkable microscopic photosynthetic organisms that are rich sources of
various lipids, which are crucial for their dietary value and structural integrity. Within their
tiny structures, microalgae house a diverse array of lipids, including triglycerides, glycolipids,
and phospholipids. These lipids not only contribute to the cellular structure of microalgae but
also offer significant potential for extraction due to their varied chemical compositions [26].
Triglycerides are common in microalgae and act as energy storage molecules. Their
abundance suggests that they could be a potential source for biofuel production, aligning with
the broader pursuit of sustainable energy solutions [27]. Understanding how different
microalgal strains accumulate triglycerides is crucial for optimizing their bioenergy potential.
Glycolipids, another key component of microalgal lipids, play vital roles in various cellular
processes. Investigating the variations in glycolipid content across different microalgal
species reveals their structural diversity and potential functional implications, enhancing the
nutritional and bioactive profiles of the extracted lipids [28]. Phospholipids, which are
essential components of cell membranes, form the structural foundation of microalgae. Their
presence suggests that lipid extraction methods must consider not only energy-rich
triglycerides but also these critical structural elements, adding complexity to the quest for
efficient lipid recovery [29]. This highlights the need for a detailed approach to exploring the
lipid content of microalgae. Omega-3 fatty acids, particularly eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), are vital for promoting human health. These fatty acids,
found in microalgal lipids, significantly enhance overall well-being and are essential for health
[30]. EPA and DHA are well-known for their cardiovascular benefits, significantly reducing
the risk of heart diseases. The presence of these fatty acids in microalgae suggests the potential
for developing nutraceuticals that use these fatty acids to promote heart health, offering a
natural and sustainable alternative to traditional sources like fish oil [31]. Additionally,
Omega-3 fatty acids play a crucial role in cognitive function. Examining the concentrations
of EPA and DHA in different microalgal strains can provide insights into how these lipids
might support cognitive health, suggesting their potential use beyond cardiovascular benefits
[32]. Omega-3 fatty acids also support the immune system, positioning microalgae as potential
sources for immune-boosting products. With growing interest in holistic health approaches,
microalgae are emerging as promising candidates for enhancing immune resilience through
omega-3-rich lipids [33]. A thorough review of existing literature reveals a wide range of

methods for extracting lipids from microalgae. The effectiveness of these methods is closely
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tied to the choice of solvent, which significantly influences the efficiency of lipid recovery
[34]. Research consistently highlights the importance of solvent selection in successful
microalgal lipid extraction. Various solvents, each with unique properties, have been
explored, emphasizing the need for a solvent that balances efficiency, selectivity, and
environmental impact [35]. The diversity among microalgal strains adds complexity to
extraction methods, as different strains may react differently to various techniques. This
necessitates a tailored approach based on each strain's specific lipid profiles and cellular
structures [36]. Recent research highlights technological advancements in extraction
techniques, ranging from traditional solvent extraction to innovative methods like
supercritical fluid extraction and ultrasound-assisted extraction [37]. These developments
illustrate the dynamic nature of the field and the need for researchers to stay abreast of
emerging technologies.

2.1 Microalgae as Omega-3 Sources

Microalgae have emerged as a potent omega-3 source due to their rapid growth, high lipid
productivity, and adaptability to diverse environments. Unlike land-based plants, microalgae
don't need arable land or freshwater, making them eco-friendly. They're the primary omega-3
producers in aquatic ecosystems, forming the foundation of marine food chains [5]. This
makes microalgae a direct and efficient omega-3 source for humans, bypassing the fish
intermediary. Among microalgae, this strain stands out for its robust lipid production under
optimized conditions [6]. This green microalga can accumulate substantial lipids, including
omega-3s, making it ideal for commercial use. Additionally, microalgae can be grown in
photobioreactors, offering precise control over growth conditions, further boosting lipid yields
and quality [7]. These systems can adjust factors like light intensity, temperature, and nutrient
levels to maximize lipid production [8]. T. obliquus, previously known as Scenedesmus
obliquus, is a freshwater green microalga renowned for its high lipid content and robust
growth. It's been extensively studied for its potential in biofuel production, wastewater
treatment, and as a dietary supplement. Its ability to thrive under varying conditions and
withstand different stressors makes it versatile for industrial applications [9]. Recent research
indicates that T. obliquus can produce significant EPA and DHA levels, especially under
stress-induced lipid accumulation conditions. Stressors like nutrient deprivation trigger
metabolic pathways that enhance lipid synthesis [10]. For instance, nitrogen scarcity
significantly boosts lipid content in this strain, making it ideal for sustainable omega-3
production [11]. Moreover, its rapid growth and scalability make it suitable for large-scale

production [12].
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Studies have highlighted T. obliquus's metabolic adaptability, allowing it to adjust to
environmental stresses by prioritizing lipid production. This adaptability is advantageous for
industrial settings where conditions can be manipulated to maximize lipid yields. Under
optimal conditions, T. obliquus can achieve lipid contents of up to 50% of its dry weight, with
a significant omega-3 component [13].

2.2. Optimization of Culture Conditions

To maximize the lipid productivity of T. obliquus, optimizing culture conditions is crucial.
Key factors such as light intensity, temperature, pH, and nutrient availability play essential
roles in influencing the growth and lipid accumulation of this microalgae. Each factor requires
precise control and adjustment to create an optimal environment conducive to lipid
production.

2.2.1 Light Intensity and Quality

To maximize lipid productivity in T. obliquus, light intensity and quality are critical factors
that require precise control. Photosynthetically active radiation (PAR) drives photosynthesis,
directly impacting lipid productivity. Specific wavelengths, such as blue light, enhance lipid
content by influencing photosynthetic and metabolic pathways [15]. Red light, while also
beneficial for growth rates, often yields the best results when combined with blue light.
Optimal light intensity ensures efficient photosynthetic activity, leading to higher biomass
accumulation and lipid content. The relationship between light intensity and microalgal
growth is complex. Low light intensity limits photosynthesis, reducing growth rates and lipid
accumulation. Conversely, excessively high light intensity can lead to photoinhibition, where
the photosynthetic apparatus is damaged due to excessive light energy. Therefore, identifying
the optimal light intensity that maximizes photosynthetic efficiency without causing
photodamage is crucial. Studies suggest that an intensity range of 100-200 pumol photons m”-
2 s”-1 is ideal for many microalgal species, including T. obliquus. Moreover, the duration and
periodicity of light exposure significantly impact growth and lipid productivity. Continuous
light often results in higher biomass and lipid productivity compared to a light-dark cycle,
though this varies with species and strain. Implementing LED technology allows precise
control over light quality and intensity, providing an efficient and scalable solution for

industrial microalgae cultivation.
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2.2.2 Temperature Regulation

Temperature is another crucial factor affecting the enzymatic activities involved in lipid
biosynthesis. Each microalgal strain has a specific temperature range for optimal growth and
lipid production. For T. obliquus, temperatures between 20°C and 30°C are generally
considered optimal [16]. Lower temperatures slow metabolic processes, while higher
temperatures cause thermal stress, negatively impacting cell viability and lipid accumulation.
Thus, maintaining a stable and optimal temperature is essential for maximizing lipid
productivity. Temperature influences various physiological and biochemical processes in
microalgae, including enzyme activities, membrane fluidity, and metabolic rates. At sub-
optimal temperatures, metabolic activities slow down, reducing growth and lipid synthesis.
Supra-optimal temperatures can lead to thermal stress, resulting in protein denaturation and
disruption of cellular structures. Therefore, identifying the optimal temperature range that
maximizes growth and lipid accumulation is crucial. In addition to maintaining a constant
temperature, considering temperature cycling can be beneficial. Some studies suggest
alternating temperatures during day and night can enhance lipid accumulation, mimicking
natural environmental conditions and potentially improving overall productivity.

2.2.3 pH Levels

The pH of the culture medium influences overall cellular homeostasis and metabolic
efficiency in T. obliquus. Optimal pH levels ensure proper ion balance and metabolic function.
For T. obliquus, a pH range of 7.0 to 8.0 is often ideal for growth and lipid production [17].
pH levels outside this range lead to suboptimal enzyme activity and metabolic disturbances,
affecting lipid yields. Regular pH monitoring and adjustment are necessary to maintain the
culture medium within the desired range. pH affects various aspects of cellular physiology,
including enzyme activities, nutrient availability, and ion transport. Deviations from the
optimal pH range lead to enzyme denaturation, reduced nutrient uptake, and impaired cellular
functions. Therefore, maintaining the culture medium within the optimal pH range is crucial
for maximizing growth and lipid productivity. Buffering agents like sodium bicarbonate or
phosphate buffers can stabilize pH levels. Continuous monitoring and automatic pH control
systems can maintain desired pH levels, enhancing overall productivity.

2.2.4 Nutrient Availability

Nutrient availability, particularly nitrogen, is pivotal for lipid accumulation in T. obliquus.
Nitrogen is critical for amino acids, nucleic acids, and other cellular constituents, directly
impacting cell growth and division. Under nitrogen-sufficient conditions, microalgae

prioritize biomass accumulation. Nitrogen deprivation triggers a metabolic shift, reallocating
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resources from growth to lipid storage as a survival mechanism [18]. This stress-induced lipid
accumulation is strategic for energy reserves during nutrient shortage. Nitrogen influences
various metabolic processes in microalgae. Under nitrogen-replete conditions, microalgae
allocate resources towards protein synthesis and cell division, increasing biomass production.
When nitrogen is limiting, microalgae redirect metabolic resources towards lipid synthesis for
energy storage. This nitrogen starvation process triggers the accumulation of lipids,
particularly triacylglycerols (TAGS), used as energy during nutrient scarcity. Other nutrients
like phosphorus, sulfur, and trace elements are also crucial. Phosphorus is essential for nucleic
acids and phospholipids, sulfur for certain amino acids and co-factors, and trace elements like
iron, manganese, and zinc for various enzymatic activities. Maintaining an optimal balance of
these nutrients is crucial for maximizing T. obliquus growth and lipid productivity.

2.2.5 Carbon Supplementation

Carbon supplementation in the form of CO2 or organic carbon sources can further augment
lipid accumulation in T. obliquus. CO2 supplementation enhances photosynthetic efficiency,
providing additional carbon substrates for fatty acid synthesis. Organic carbon sources, such
as glucose or acetate, can be utilized by mixotrophic or heterotrophic microalgae to boost lipid
production [19]. The combination of nitrogen deprivation and carbon supplementation creates
an environment conducive to high lipid yields, making this approach highly effective for
industrial-scale lipid production. CO2 supplementation enhances photosynthetic activity and
biomass production by providing additional carbon dioxide, improving Calvin cycle
efficiency, and increasing lipid production. In closed photobioreactor systems, CO2 is
supplied directly into the culture medium, while in open pond systems, CO2-enriched air is
bubbled through the water. Organic carbon sources like glucose, acetate, and glycerol added
to the culture medium enhance lipid accumulation. These organic carbon sources are
assimilated by microalgae through mixotrophic or heterotrophic metabolism, increasing lipid
production. Combining nitrogen starvation and carbon supplementation creates a metabolic
environment favouring lipid synthesis over biomass accumulation, resulting in higher lipid
yields.

2.2.6 Practical Implementation in Cultivation Systems

Implementing optimized culture conditions in large-scale cultivation systems requires careful
planning and monitoring. Photobioreactors and open pond systems must provide uniform light
distribution, temperature control, and pH regulation. Automated nutrient dosing systems

ensure consistent nitrogen and carbon supplementation, maintaining optimal growth
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conditions throughout the cultivation period. Regular sampling and analysis of biomass and
lipid content track progress and adjust parameters as needed.

Photobioreactor systems integrate advanced technologies like LED lighting, automated
temperature control, and real-time pH monitoring to maintain optimal culture conditions.
These systems allow precise control over environmental parameters, leading to higher
productivity and consistency in lipid production. In open pond systems, strategies like paddle
wheel mixing, CO2 sparging, and nutrient dosing enhance growth and lipid accumulation.
Regular monitoring of key parameters like light intensity, temperature, pH, and nutrient
concentrations ensures culture conditions remain optimal. This is achieved through sensors,
data loggers, and automated control systems. By continuously monitoring and adjusting
culture conditions, T. obliquus growth and lipid productivity are maximized, making it viable
for biofuel production and other industrial applications.

Optimizing culture conditions for T. obliquus involves an integrated approach that adjusts
light intensity and quality, temperature regulation, pH control, and nutrient availability.
Meticulously adjusting these parameters enhances lipid productivity, making T. obliquus
viable for biofuel production and other industrial applications. Continued research and
technological advancements in cultivation systems will refine optimization strategies, paving
the way for sustainable and efficient lipid production from microalgae. These strategies
highlight the critical importance of an integrated approach to culture condition optimization,
setting the stage for successful exploitation of T. obliquus as a prolific lipid source for various
applications.

2.3. Introduction to Microalgae Lipids

Microalgae are fascinating microscopic organisms capable of photosynthesis, and they have
become prominent due to their rich lipid content. These lipids are vital not only for the algae's
survival and structural integrity but also for their potential applications in various industries.
Within their small structures, microalgae contain diverse lipids, including triglycerides,
glycolipids, and phospholipids. Each of these lipids plays a unique role, contributing to the
algae's cellular structure and offering valuable extraction potential due to their varied chemical
compositions [26]. Microalgae have garnered interest because of their ability to produce lipids
that can be used in biofuels, nutraceuticals, and pharmaceuticals. For example, triglycerides
in microalgae are common and serve as energy storage molecules, which makes them suitable
candidates for biofuel production. This aligns well with the global efforts towards sustainable
energy solutions [27]. Understanding how different microalgal strains accumulate these

triglycerides is crucial for optimizing their potential as bioenergy sources. Another critical
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component of microalgal lipids is glycolipids, which play vital roles in various cellular
processes. Studying the variations in glycolipid content across different microalgal species
can reveal their structural diversity and potential functional implications. This can enhance
the nutritional and bioactive profiles of the extracted lipids, making them more valuable [28].
Glycolipids are essential for the stability and functionality of cellular membranes, which helps
microalgae withstand environmental stresses. Phospholipids are also fundamental, forming
the structural foundation of microalgae cell membranes. Their presence implies that lipid
extraction methods must account for not just energy-rich triglycerides but also these critical
structural elements. This adds complexity to the process of efficient lipid recovery,
emphasizing the need for a detailed approach to exploring the lipid content of microalgae [29].
Omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are found in microalgal lipids and are essential for human health. These fatty acids
are well-known for their cardiovascular benefits and potential to reduce heart disease risks.
Their presence in microalgae suggests that these organisms could be developed into
nutraceuticals to promote heart health, offering a natural and sustainable alternative to
traditional sources like fish oil [30]. This literature review aims to explore these lipid classes
in depth, discussing their roles, benefits, and the methods used for their extraction. By
understanding the unique properties and potentials of microalgal lipids, we can better harness
these resources for various applications.

2.3.1 Triglycerides in Microalgae

Triglycerides are among the primary lipids found in microalgae, serving as essential energy
storage molecules. Composed of glycerol and three fatty acids, they are a significant
component of the microalgal lipid profile. The abundance of triglycerides in microalgae makes
them promising candidates for biofuel production, aligning with global sustainable energy
efforts [27].

2.3.2 Accumulation of Triglycerides

Different microalgal species accumulate triglycerides under specific environmental
conditions. Factors such as nutrient limitation, light intensity, and temperature can
significantly influence triglyceride accumulation. Nitrogen deprivation is a common stressor
used to trigger lipid accumulation in microalgae. Under nitrogen-limited conditions,
microalgae redirect their metabolic pathways towards synthesizing storage lipids like
triglycerides [27]. This adaptation helps them survive under adverse conditions and increases

their lipid content.
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2.3.3 Biofuel Potential

The biofuel potential of microalgal triglycerides is immense. These lipids can be converted
into biodiesel through a chemical process called transesterification, where triglycerides react
with an alcohol, typically methanol, in the presence of a catalyst to form biodiesel and
glycerol. This process has been extensively studied and optimized for various microalgal
species. The high lipid yield and rapid growth rates of microalgae make them attractive
sources of renewable energy. Additionally, microalgae for biofuel production have the
advantage of not competing with food crops for agricultural land, addressing a significant
concern associated with traditional biofuels [27].

2.3.4 Optimization of Triglyceride Production

Optimizing triglyceride production in microalgae involves manipulating various cultivation
parameters. Light intensity and photoperiod can be adjusted to maximize lipid accumulation.
Studies have shown that high light intensity and extended light periods can enhance the
photosynthetic activity of microalgae, leading to increased lipid production. Temperature is
another critical factor, with optimal ranges varying for different species, but generally,
temperatures between 20°C and 30°C are favourable for most microalgae [27]. The carbon
source and its concentration in the growth medium also significantly impact lipid synthesis.
Supplementing with carbon dioxide has been shown to boost lipid accumulation in some
microalgal strains. Research on genetic engineering and metabolic pathway manipulation is
also underway to improve triglyceride yields. By identifying and modifying key genes
involved in lipid biosynthesis, scientists aim to create microalgal strains with enhanced lipid
production capabilities. These advancements hold promise for making microalgal biofuels a
viable and sustainable energy source in the future.

2.4 Glycolipids in Microalgae

Glycolipids are another crucial class of lipids found in microalgae, playing vital roles in
various cellular processes. These molecules are composed of a glycerol backbone linked to
fatty acids and one or more sugar molecules. Glycolipids contribute significantly to the
stability and functionality of cellular membranes, impacting how microalgae respond to
environmental stresses [28].

2.4.1 Structural Diversity of Glycolipids

The structural diversity of glycolipids in microalgae is vast. The variation in sugar moieties
and fatty acid chains among different microalgal species results in a wide range of glycolipid
structures. This diversity is important as it influences the functional properties of glycolipids,

including their roles in cell signalling, membrane stability, and energy storage [28]. Some
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glycolipids are involved in photosynthesis, forming part of the thylakoid membranes within
chloroplasts, where they play a role in the light-harvesting complexes.

2.4.2 Functional Implications

Glycolipids have significant functional implications in both biological and industrial contexts.
In microalgae, they contribute to membrane fluidity and integrity, which are crucial for
maintaining cellular homeostasis under varying environmental conditions. Glycolipids also
participate in cell recognition and signalling processes, which are essential for microalgal
growth and adaptation [28]. From an industrial perspective, glycolipids are valuable due to
their emulsifying properties and potential health benefits. Certain glycolipids have been
shown to exhibit anti-inflammatory, antimicrobial, and anticancer activities, making them
promising candidates for pharmaceutical and nutraceutical applications [28]. The emulsifying
properties of glycolipids are particularly useful in the food and cosmetic industries, where
they can be used to stabilize emulsions and enhance the texture and shelf-life of products.
2.4.3 Extraction and Analysis of Glycolipids

The extraction and analysis of glycolipids from microalgae involve several steps. Efficient
extraction typically requires the disruption of cell walls to release intracellular lipids. Common
methods include solvent extraction, often using a combination of chloroform and methanol,
followed by purification processes such as column chromatography [28]. Advanced analytical
techniques like mass spectrometry and nuclear magnetic resonance (NMR) spectroscopy are
used to identify and quantify the different glycolipid species present in microalgal samples.
Recent advancements in lipidomic have enabled more detailed profiling of glycolipid content
in microalgae. These technologies allow researchers to study the glycolipid composition of
different microalgal strains, providing insights into their metabolic pathways and potential
applications. The growing interest in microalgal glycolipids is driven by their unique
properties and the potential for developing new products and technologies based on these

versatile molecules.

2.5 Phospholipids in Microalgae

Phospholipids are essential components of cell membranes, forming the structural foundation
of microalgae. These molecules consist of a glycerol backbone, two fatty acid tails, and a
phosphate group linked to a polar head. Their amphipathic nature allows them to form

bilayers, which are fundamental to membrane structure and function [29].
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2.5.1 Role in Cell Membranes

Phospholipids are the primary building blocks of cellular membranes. They provide a semi-
permeable barrier, crucial for protecting cellular components and regulating the movement of
substances in and out of the cell. In microalgae, phospholipids are found in both the plasma
membrane and the internal membranes of organelles like chloroplasts and mitochondria. The
fluidity and integrity of these membranes are essential for various cellular processes, including
nutrient uptake, waste removal, and energy production [29].

2.5.2 Importance in Lipid Extraction

The extraction of phospholipids from microalgae is challenging due to their integral role in
cell membranes. Effective extraction methods must disrupt the cell wall and membrane
structures to release these lipids without causing extensive degradation. This complexity
underscores the need for optimized extraction protocols that can efficiently recover
phospholipids alongside other lipid classes, ensuring a comprehensive recovery of microalgal
lipids [29].

2.5.3 Analytical Techniques for Phospholipids

Analysing phospholipids requires advanced techniques to separate and identify the various
molecular species. High-performance liquid chromatography (HPLC) coupled with mass
spectrometry (MS) is commonly used for this purpose. HPLC-MS allows for the detailed
profiling of phospholipid species, providing insights into their composition and abundance in
different microalgal strains. This information is crucial for understanding the biosynthesis and
functional roles of phospholipids in microalgae [29].

2.5.4 Applications of Phospholipids

Phospholipids have a wide range of applications in the food, pharmaceutical, and cosmetic
industries. In the food industry, they are used as emulsifiers to improve the texture and stability
of products. Their ability to form stable emulsions is beneficial in various food formulations,
enhancing the quality and shelf-life of processed foods. In pharmaceuticals, phospholipids are
utilized in drug delivery systems, such as liposomes, which can encapsulate and protect active
ingredients, enhancing their stability and bioavailability. Liposomes are particularly valuable
for delivering drugs that are sensitive to degradation or have poor solubility, improving their
therapeutic efficacy [29]. In the cosmetic industry, phospholipids are valued for their
moisturizing and skin-repairing properties. They are key ingredients in various skincare
products, including creams, lotions, and serums. Phospholipids can enhance the delivery of

active ingredients into the skin, improving their effectiveness. Their biocompatibility and
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ability to mimic the skin's natural lipids make them ideal for formulations aimed at
maintaining and restoring skin health [29].

Research on microalgal phospholipids is ongoing, with a focus on understanding their
biosynthesis, functional properties, and potential applications. By optimizing extraction
methods and exploring the unique characteristics of phospholipids from different microalgal

strains, researchers aim to unlock new opportunities for utilizing these valuable molecules.

2.6 Omega-3 Fatty Acids in Microalgae

Omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are essential for promoting human health. These fatty acids are found in microalgal
lipids and significantly enhance overall well-being. Microalgae are emerging as a sustainable
and rich source of these important fatty acids [30].

2.6.1 Cardiovascular Benefits

EPA and DHA are well-known for their cardiovascular benefits. They help reduce the risk of
heart diseases by lowering blood pressure, decreasing triglyceride levels, and reducing
inflammation. The presence of these fatty acids in microalgae suggests the potential for
developing nutraceuticals that use these fatty acids to promote heart health. This offers a
natural and sustainable alternative to traditional sources like fish oil, which is often associated
with overfishing and environmental concerns [31].

2.6.2 Cognitive Function

Omega-3 fatty acids play a crucial role in cognitive function. They are integral to brain
development and function, influencing memory, learning, and overall cognitive performance.
DHA, in particular, is a major structural component of the brain and retina. Examining the
concentrations of EPA and DHA in different microalgal strains can provide insights into how
these lipids might support cognitive health, suggesting their potential use beyond
cardiovascular benefits. Research has shown that adequate intake of these fatty acids can help
reduce the risk of neurodegenerative diseases and improve cognitive function in aging
populations [32].

2.6.3 Immune Support

Omega-3 fatty acids also support the immune system, positioning microalgae as potential
sources for immune-boosting products. These fatty acids modulate inflammatory responses
and improve immune cell function, contributing to better overall health. With growing interest
in holistic health approaches, microalgae are emerging as promising candidates for enhancing

immune resilience through omega-3-rich lipids. Studies have demonstrated that omega-3 fatty
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acids can help manage chronic inflammatory conditions and boost the body's protect against
infections [33].

2.6.4 Sustainable Production

One of the significant advantages of sourcing omega-3 fatty acids from microalgae is
sustainability. Unlike fish oil, which relies on marine ecosystems and faces issues of
overfishing, microalgae can be cultivated in controlled environments, reducing the
environmental impact. Additionally, microalgae can be grown using non-arable land and non-
potable water, making their production more sustainable and less resource-intensive. This
sustainable production model aligns with global efforts to find eco-friendly alternatives for
essential nutrients [30]. The exploration of microalgal omega-3 fatty acids is expanding, with
ongoing research focusing on optimizing cultivation conditions, enhancing lipid extraction
methods, and developing commercial applications. As the demand for omega-3 supplements
continues to rise, microalgae offer a promising solution to meet this need sustainably and
efficiently.

2.7 Methods for Extracting Lipids from Microalgae

A thorough review of existing literature reveals a wide range of methods for extracting lipids
from microalgae. The effectiveness of these methods is closely tied to the choice of solvent,
which significantly influences the efficiency of lipid recovery [34].

2.7.1 Solvent Selection

Research consistently highlights the importance of solvent selection in successful microalgal
lipid extraction. Various solvents, each with unique properties, have been explored,
emphasizing the need for a solvent that balances efficiency, selectivity, and environmental
impact. Commonly used solvents include chloroform, methanol, and hexane. Each of these
solvents offers different advantages and limitations in terms of lipid yield and purity. For
instance, chloroform-methanol is a widely used combination due to its effectiveness in
extracting a broad range of lipids, but concerns about toxicity and environmental impact
necessitate the search for greener alternatives [35].

2.7.2 Strain-Specific Extraction Techniques

The diversity among microalgal strains adds complexity to extraction methods, as different
strains may react differently to various techniques. This necessitates a tailored approach based
on each strain's specific lipid profiles and cellular structures. For instance, some strains may
require harsher mechanical disruption to release intracellular lipids, while others may yield
better results with milder solvent treatments. The cell wall composition and thickness can vary

significantly among species, impacting the efficiency of lipid extraction methods. Therefore,
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understanding the unique characteristics of each microalgal strain is crucial for optimizing
extraction protocols [36].

2.7.3 Technological Advancements

Recent research highlights technological advancements in extraction techniques, ranging from
traditional solvent extraction to innovative methods like supercritical fluid extraction and
ultrasound-assisted extraction. These developments illustrate the dynamic nature of the field
and the need for researchers to stay abreast of emerging technologies. Supercritical fluid
extraction, for example, offers a more environmentally friendly alternative by using CO2 as a
solvent. This method can be tuned to selectively extract different lipid classes, providing high
purity and yield. Ultrasound-assisted extraction, on the other hand, uses ultrasonic waves to
disrupt cell walls and enhance solvent penetration, improving the efficiency of lipid recovery
[37]. Despite the advancements, several challenges remain in the extraction of lipids from
microalgae. These include the high costs associated with certain advanced extraction
technologies, the need for large-scale feasibility, and the environmental impact of some
solvent-based methods. Future research is focusing on developing more cost-effective and
sustainable extraction methods. This includes exploring the use of bio-based solvents,
improving the scalability of advanced techniques, and integrating extraction processes with
downstream applications to create more efficient production pipelines [34]. The field of
microalgal lipid extraction is rapidly evolving, driven by the increasing demand for biofuels,
nutraceuticals, and other high-value products. Continued research and innovation are essential
to overcome existing challenges and fully harness the potential of microalgal lipids. By
optimizing extraction methods and exploring new technologies, researchers aim to make the

production of microalgal lipids more sustainable and economically viable.

2.8 Significance of the Study

Harnessing T. obliquus for omega-3 production could offer a sustainable, scalable solution to
meet global demand, reducing reliance on fish oil and mitigating associated environmental
impacts. Optimizing cultivation and extraction techniques could advance biofuel production
and other biotechnological applications. This research contributes to microalgal
biotechnology knowledge, fostering green technologies for nutraceutical and pharmaceutical
industries [14].

The diverse lipid composition of microalgae, encompassing triglycerides, glycolipids,
phospholipids, and omega-3 fatty acids, underscores their potential as a valuable resource for

biofuels, nutraceuticals, and pharmaceuticals. Understanding the unique lipid profiles of
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different microalgal strains and optimizing extraction methods are crucial steps towards
harnessing this potential. As research continues to evolve, the development of more efficient
and sustainable extraction techniques will be key to fully realizing the benefits of microalgal
lipids in various applications.

The exploration of microalgal lipids is an exciting and rapidly advancing field. With the
increasing demand for sustainable and health-promoting products, microalgae offer a
promising solution. Their diverse lipid profiles provide opportunities for innovation across
multiple industries, from renewable energy to healthcare. By continuing to refine extraction
methods and expand our understanding of microalgal lipid biochemistry, we can unlock new
possibilities for sustainable development and improved human health.

In summary, the potential of microalgae as a source of various lipids, particularly omega-3
fatty acids, underscores their importance in addressing both nutritional and environmental
challenges. The sustainable production and efficient extraction of these valuable lipids can
contribute to various industries, from biofuels to nutraceuticals, supporting human health and
environmental sustainability. Continued research and innovation in this field are essential for

realizing the full potential of microalgae as a versatile and renewable resource.

2.9 Future Directions and Implications

Successfully exploiting T. obliquus for omega-3 production could revolutionize the
nutraceutical and biofuel industries. As a sustainable omega-3 source, it could reduce fish oil
production’s environmental impact and ensure a steady omega-3 supply. Additionally, its high
lipid content makes it a promising biodiesel feedstock, aiding renewable energy development
[23]. Future research should focus on further optimizing cultivation and extraction to enhance
T. obliquus's efficiency and scalability. Genetic engineering could boost metabolic pathways
involved in lipid synthesis, increasing overall lipid yield and omega-3 proportion [24].
Exploring co-culture systems with microalgae or microorganisms could synergistically

enhance lipid production and nutrient utilization [25].
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CHAPTER-3: MATERIAL & METHODOLOGY

EXPERIMENTAL DEMONSTRATION

The cultivation of T. obliquus involved preparing BG11 media, isolating the specific strain
from a mixed microalgae culture, and optimizing culture conditions for growth and lipid
production. This meticulous approach ensured the reliability and reproducibility of the

experimental results.

3.1 Preparation of BG11 Media

To prepare BG11 media, essential nutrients and trace elements were meticulously combined
to create an optimal growth environment [38]. The key components included:

NaNO:s (1.5 g/L): Supplies nitrogen essential for protein synthesis.

K:HPO4 (0.04 g/L): Provides phosphate necessary for ATP production and nucleic acids.
MgSO04-7H:0 (0.075 g/L): Supplies magnesium, a cofactor for many enzymes.
CaCl-2H:0 (0.036 g/L): Provides calcium necessary for cell wall stability and signalling.
Citric Acid (0.006 g/L) and Ferric Ammonium Citrate (0.006 g/L): Sources of iron
required for chlorophyll synthesis and electron transport.

Na:EDTA (0.001 g/L): Chelates metal ions, preventing precipitation and ensuring
bioavailability.

Na.COs (0.02 g/L): Acts as a buffering agent to maintain stable pH levels.

Trace Metal Mix: Contains boron, manganese, zinc, molybdenum, copper, and cobalt, each
vital for various cellular functions and enzyme activities.

The components were dissolved in distilled water and sterilized through autoclaving at 121°C
for 45 minutes to eliminate contaminants. The sterilized media was then dispensed into Petri

dishes and flasks under aseptic conditions.

3.2 Isolation of T. obliquus

The isolation process involved serial dilution and plating techniques to dilute the mixed
culture and isolate individual colonies on BG11 agar plates [39]. The steps were:

3.2.1 Serial Dilution and Plating:

A sample of the mixed microalgae culture was serially diluted in sterilized distilled water to
reduce cell concentration. Diluted samples were spread onto BG11 agar plates using a sterile

spreader to evenly distribute cells.
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3.2.2 Incubation and Colony Selection:

Plates were incubated at 25°C under continuous light to promote the growth of microalgae
colonies. Colonies characteristic of T. obliquus were identified based on their green colour
and morphology, then picked using a sterile loop and transferred to fresh BG11 agar plates.
3.2.3 Repeated Sub-culturing:

Selected colonies underwent repeated sub-culturing on fresh BG11 plates to ensure the
isolation of pure strains, verified through microscopic examination.

3.2.4 Inoculation and Cultivation:

Pure strains of T. obliquus were inoculated into sterilized BG11 media in flasks under aseptic
conditions. Flasks were incubated under controlled light and temperature conditions to
promote growth.

3.3 Optimization of Culture Conditions

3.3.1 Growth Time Optimization

To determine the optimal growth duration for T. obliquus, cultures were monitored over
various time periods [42]. The process included:

Regular Sampling:

Samples were taken at regular intervals from the cultures.

Optical density (OD) at 680 nm was measured using a spectrophotometer to assess cell
density.

Growth Curve Analysis:

Growth curves were plotted based on OD measurements to identify the phases of lag,
exponential, and stationary growth.

The optimal harvest time was identified when the biomass yield and lipid content peaked.
3.3.2 pH Optimization

To identify the optimal pH for growth and lipid production, the following steps were taken
[40]:

pH Adjustment:

BG11 media was prepared at different pH levels (3, 4,5,6, 7,8, 9,10 and 11) using appropriate
buffering agents such as HCI or NaOH.

Inoculation and Incubation:

Each pH-adjusted media flask was inoculated with T. obliquus under aseptic conditions.

Flasks were incubated at a constant temperature of 25°C under continuous light.
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Growth Monitoring:

Growth kinetics were regularly monitored by measuring OD at 680 nm.

The pH that resulted in the highest growth rate and lipid accumulation was considered
optimal.

3.3.3 Temperature Optimization

To determine the optimal temperature for T. obliquus cultivation, cultures were subjected to
different temperatures [41]:

Temperature Range:

Cultures were incubated at 20°C, 25°C, and 30°C to assess the effect of temperature on
growth and lipid production.

Growth and Lipid Analysis:

OD measurements at 680 nm were taken regularly to monitor growth.

Lipid content was analysed at the end of the cultivation period using the Bligh and Dyer
method.

Statistical Analysis:

Data from multiple growth cycles were statistically analysed to identify the temperature that
yielded the highest biomass and lipid productivity.

Biomass Collection and Lipid Extraction

Biomass Collection

Cultures were harvested by centrifugation at 4000 rpm for 5 minutes to separate the biomass
from the culture medium.

Cell Disruption

The collected biomass was subjected to ultrasonication at a frequency of 40 kHz for 15
minutes with 30-second intervals [43]. This process facilitated the release of intracellular
lipids by disrupting the cell walls.

3.4 Lipid Extraction

Lipids were extracted using a 1:1 mixture of chloroform and methanol, following the Bligh
and Dyer method [43]. The extraction steps included:

Chloroform-methanol (1:1)

Solvent extraction method is the main step in obtaining lipids from microalgae. The
chloroform : methanol (1:1) mixture was chosen because it breaks down cell walls and
removes various lipids. This solvent enables the synthesis of various classes of lipids found
in microalgae, forming the basis of a complete lipid profile.

Mixing: The biomass was mixed with chloroform and methanol to form a biphasic system.
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Phase Separation: The mixture was centrifuged to separate the lipid-containing organic
phase from the aqueous phase.

Isolation: The lipid-rich organic phase was carefully collected.

Solvent Evaporation: Solvents were evaporated under reduced pressure to concentrate the
lipid extracts and ensure the removal of residual solvents.

This detailed methodological framework underscores the precision and rigor adopted in
optimizing the growth and lipid extraction processes of T. obliquus, highlighting its potential

as a prolific source of omega-3 fatty acids and other valuable lipids.
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CHAPTER-4: RESULTS AND DISCUSSION
4.1 Isolation and Morphological Characterization of Microalgae Strain

Isolation: The microalgae strain T. obliquus was isolated from a mixed culture available in
our laboratory. The isolation process involved enriching the culture in BG-11 media and
selecting colonies based on their distinct morphological characteristics. The isolated strain
was then purified through serial dilution and streak plating techniques to ensure a pure

culture.

Morphological Characterization : Morphological characterization of T. obliquus was
conducted using light microscopy to provide detailed insights into the structural features of
the cells.

Light Microscopy : Using light microscopy, T. obliquus cells appeared as small, green,
ellipsoid to spherical structures. The cells were non-motile and typically existed as single
cells or in small clusters. The chloroplasts were clearly visible, indicating active
photosynthetic activity. The green colour of the cells was due to the presence of chlorophyll

pigments.

- |

Fig 1 : Microalgae’s cell under light microscope

Growth Characteristics: The growth characteristics of T. obliquus were analysed under
different environmental conditions to optimize parameters such as pH, temperature, and light

intensity.

Optimal pH: The optimal pH for growth was found to be around 7 to 9, with the highest
biomass productivity observed at pH 9. Growth rates decreased significantly at more acidic or
alkaline conditions, indicating the strain's preference for neutral to slightly basic

environments [43].
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Optimal Temperature: The optimal temperature range for growth was determined to be
between 25°C and 30°C. At 25°C, the cells exhibited the highest biomass yield, with a peak
optical density (OD) of 1.2 after 10 days of cultivation. Temperatures below 20°C and above

35°C resulted in reduced growth rates and lower cell densities [44].

Light Intensity: The strain was grown under the controlled light condition , which is
designed to optimize photosynthesis. While the exact light intensity was not measured,
typical incubators with pink light generally provide an intensity around 100-200 pmol
photons m#/s. The pinkish hue, combining red and blue wavelengths, effectively supports

photosynthetic activity and robust growth in microalgae .
Cell Density Calculation

To estimate cell density from optical density (OD) measurements,. The following formula

was used:

Cell Density (cells/mL) = OD xDilution Factor xConversion Factor
Where:

OD: Optical Density measured at 680 nm.

Dilution Factor: The factor by which the sample was diluted.

Conversion Factor: A constant correlating OD to cell density, determined through

calibration experiments.

Using the determined conversion factor, the cell density at various temperatures was

calculated:
At 25°C: OD = 1.2, Cell Density = 1.2 x 1077 cells/mL = 12 x 10”6 cells/mL
At 20°C: OD = 0.8, Cell Density = 0.8 x 1077 cells/mL =8 x 1076 cells/mL

At 30°C: OD = 0.9, Cell Density = 0.9 x 1077 cells/mL =9 x 1076 cells/mL
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4.2 Optimization of Culture Conditions
4.2.1 Growth Time Optimization
In this study, I aimed to determine the optimal duration for cultivating microalgae to

maximize biomass production. Experiments were conducted with cultivation periods ranging

from 5 to 20 days, and growth kinetics were monitored by regularly measuring cell density.

The results exhibited a typical growth curve for microalgae, characterized by an initial lag
phase, followed by a period of exponential growth, and eventually reaching a plateau.
Analysis of the growth Kinetics revealed that the peak biomass yield occurred after 12 days
cultivation. Beyond this period, there was no significant increase in biomass density,
indicating that the microalgae had entered a stationary phase.

This optimized growth time of 12 days is crucial for maximizing biomass yield while

of

ensuring efficient resource utilization and minimizing production costs. Such insights into the

optimal cultivation duration are valuable for industrial-scale microalgae production.

The growth curve of the microalgae follows a gentle S-shape, reflecting their progression

through different growth phases. The initial lag phase lasts for about 1-2 days, followed by an

exponential growth phase from days 3-7. Finally, a stationary phase is reached around days

8-

12. During the exponential growth phase, the microalgae double in size approximately every

day, indicating rapid multiplication under favourable conditions. The initial optical density
(OD) of 0.05 peaks at around 1.35-1.36 OD during the stationary phase.
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Growth Curve of Microalgae over 20 Days of Cultivation
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Fig. 2: Growth Curve of Microalgae over 20 Days of Cultivation

This graph shows the optical density (OD) of microalgae measured over 20 days, with a
distinct lag phase, exponential growth phase, and stationary phase. The optimal growth

period is indicated at 12 days.
4.2.2 pH Optimization:

In my pH optimization experiments, | aimed to determine the pH range that promotes optimal
growth and lipid accumulation in microalgae. Cultures were maintained at different pH levels

(ranging from 3.0 to 11.0), and we observed distinct growth patterns at different pH levels.

My findings revealed that microalgae responded differently to variations in pH, with the
highest growth rates observed for my microalgae strain( tetradesmus obliquus) around at pH
7 to 9. This pH condition seemed to be most favourable for biomass productivity in the
selected microalgae strain. Deviations from this optimal pH range resulted in reduced growth

rates, indicating suboptimal conditions for microalgae cultivation.
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Growth Curve of Microalgae at Different pH Levels
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Fig. 3: Growth Curve of Microalgae at Different pH Level

Analysis of Growth Curve at Different pH Levels

The growth curves of T. obliquus at various pH levels over 10 days are displayed in the graph
below. The data indicates that the optimal pH for microalgae growth is around 9, where the
highest optical density (OD) of 0.39 is observed.

Key Observations:

Lag Phase: During the initial 1-2 days, minimal growth is seen across all pH levels as the

microalgae adapt to the new environment.

Exponential Phase: From days 3-7, there is rapid growth, particularly at pH levels between 6
and 9. This phase represents the exponential growth phase where the cells are actively
dividing.

Stationary Phase: By day 8, growth starts to stabilize, reaching a plateau by day 10. This

indicates that the microalgae have reached their maximum cell density under the given

conditions.
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Optimal pH:
pH 9: The highest OD value of 0.39 indicates optimal growth conditions.

pH 7 and 8: These levels also show substantial growth, with OD values of 0.38 and 0.37,

respectively.

Suboptimal pH: pH levels of 3, 4, 10, and 11 exhibit significantly lower growth rates, with
OD values ranging from 0.15 to 0.28.

Key Insights:

The growth curve illustrates the typical phases of microalgae growth: lag, exponential, and
stationary. Optimal growth conditions for T. obliquus are observed at pH 9, with significant
growth also seen at pH 7 and 8.

Extreme pH levels (acidic and alkaline) result in lower growth rates, demonstrating the
importance of maintaining a near-neutral pH for optimal biomass productivity. This analysis
is vital for optimizing the growth conditions in industrial applications, ensuring maximum
yield and efficiency in microalgae cultivation.

4.2.3 Temperature Optimization

Temperature serves as a critical regulator of microalgae physiology and growth performance.
In my temperature optimization experiments, we explored the effects of different temperature
ranges (20°C to 35°C) on growth kinetics and biomass productivity. My findings highlighted
the importance of maintaining cultures within the temperature range of 25°C to 30°C, which
fostered the highest growth rates for the selected microalgae strain. Lower temperatures (<
20°C) resulted in reduced growth rates, while higher temperatures (> 35°C) negatively
impacted cell viability and biomass density. These insights underscore the significance of
temperature optimization in ensuring consistent and reproducible outcomes in microalgae
cultivation. Maintaining cultures within the optimal temperature range is pivotal for

maximizing biomass productivity and ensuring success in large-scale cultivation endeavours.
+ At 20°C, the maximum OD reached was 0.8 after 12 days.
* At 25°C, the maximum OD was 1.2 after 10 days.

* At 30°C, the maximum OD was 0.9 after 8 days.
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Based on this data, the optimal temperature for growth of this microalgae strain in BG11 media
appears to be around 25°C. This temperature supported the highest biomass production, as
indicated by the peak OD value of 1.2. The growth was faster at 30°C, but the overall biomass

yield was lower compared to 25°C.

Growth Curve of Tetradesmus obliquus at Different Temperatures
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Fig. 4. Growth Curve of Microalgae at different Temperature
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4.3 Extraction of Lipids

4.3.1 Lipid Extraction from Biomass Using Solvent Extraction Method

The process of extracting lipids from the microalgae biomass was performed using the well-
established solvent extraction method based on the protocol by Bligh and Dyer [43]. The

procedure is outlined below:
Biomass Collection and Preparation:

Biomass was collected from multiple falcon tubes and combined into a single tube.The
mixture was centrifuged to separate the cells from the supernatant, which was then discarded.

Re-suspension and Homogenization:

The cell pellet was re-suspended in 1 mL of Milli-Q water and mixed thoroughly.
Ultrasonication was applied to homogenize the cells, using settings of 40 kHz frequency and
150W power for 5 minutes, with 30-second intervals to prevent overheating and ensure

complete disruption of cell walls.

Solvent Addition and Mixing: Methanol, chloroform, and Milli-Q water were added to the

cell suspension in a 2:1:0.8 (v/v/v) ratio [43].
The mixture was vortexed for 10 minutes to ensure thorough mixing.
After Vertexing , the mixture was centrifuged at 4000 rpm for 5 minutes.

Incubation and Phase Separation: The centrifuged mixture was incubated at 37°C for 1-2

hours to allow for the formation of two distinct layers [44].

Post incubation, the mixture separated into a lower organic layer containing the lipids and an

upper aqueous layer with the cell debris.

Lipid Collection: The lower organic layer was carefully collected into pre-weighed

microcentrifuge tubes, containing the extracted lipids.
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Determination of Lipid Percentage:
The lipid content was calculated by weighing the extracted lipids and using the formula:
Lipid Percentage = (Weight of Lipid Extracted / Total Weight of Biomass) x 100
The following weights:

o Total weight of biomass = 1.5 grams

o Weight of extracted lipid = 0.2655 grams
Plugging these values into the formula:
Lipid Percentage= (1.5 g /0.2655 g)x100=17.7%

The Bligh and Dyer method is recognized for its efficiency in extracting lipids from
microalgae and other biological samples [43]. This method’s effectiveness in separating
lipids from cellular debris ensures a high yield of purified lipids, which is essential for

applications such as biofuel production and nutritional analysis.
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CHAPTER-5: CONCLUSION

While this study achieved partial success in optimizing culture conditions and extracting lipids
from T. obliquus, it underscores the complexity of maximizing biomass and lipid yields in
microalgae cultivation. The insights gained provide a valuable foundation for future studies
aimed at improving productivity and economic viability of microalgae-based omega-3 fatty
acid production. Continued efforts in optimizing cultivation conditions, enhancing strain
capabilities, and conducting thorough economic analyses are essential for realizing the full
potential of microalgae as a sustainable source of omega-3 fatty acids and other valuable
bioproducts. In conclusion, extracting omega-3 fatty acids from microalgae represents a
significant step towards sustainability, innovation, and improved well-being. This journey,
from the microscopic world of algae to its macroscopic impact on human health and the
environment, highlights the interconnectedness of scientific progress and societal evolution.
As sustainability, health consciousness, and environmental responsibility become central to
global discussions, the role of microalgae in the omega-3 fatty acids landscape emerges not
just as a solution but as a transformative influence, shaping a more resilient and enlightened

future.
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