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Abstract 
 
Microalgae used in sewers to capture CO2 eventually turns into waste material. Through the use of 
their biomass, the waste algae can be given a new purpose. In this study attempts to extract starch or 
PHA from three different algae; Calothrix Scytonemicola, Scenedesmus Almeriensis and Neochloris 
Oleoabundans, were made. We also attempted to create a bio-based plastic material. 
 
Both Scenedesmus Almeriensis and Neochloris Oleoabundans are starch rich microalga. By washing 
with acetone, cryo grinding, use of ultrasonic homogenizer and dialysis, starch was likely extracted 
successfully. The extracted material and the plasticiser Carboxymethyl Cellulose (CMC) was used to 
cast plastic film. The cast film was very thin and brittle; perhaps by using different plasticisers or 
additives a more usable bio-based plastic material can be created. 
 
The PHA rich algae Calothrix Scytonemicola was used to extract PHA. The algae was washed with 
acetone, cryo grinded and then mixed with Sodium Hypochlorite(aq) and deionised water to extract 
the desired PHA. Due to a shortage of algae very small amounts of material could be extracted. 
Therefore, the casting of a plastic film was performed with commercial PH3B, which is a type of 
PHA. Three attempts were conducted. The first one with only chloroform, the second one with CMC 
and chloroform and the last one with Sucrose Octaacetate and chloroform. The film with Sucrose 
Octaacetate gave the best plastic material in regards to mechanical properties. 
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Sammanfattning 
 
Mikroalger som används i kloaker för att binda CO2 blir till slut restavfall. Genom att använda dess 
biomassa kan restalgerna få ett nytt syfte. I denna studie utfördes extraktionsförsök av stärkelse samt 
PHA från tre olika alger, Calothrix Scytonemicola, Scenedesmus Almeriensis och Neochloris 
Oleoabundans. Ytterligare försök genomfördes för att försöka framställa ett biobaserat plastmaterial. 
 
Både Scenedesmus Almeriensis och Neochloris Oleoabundans är stärkelserika mikroalger. Genom att 
tvätta dem med aceton, kryomalning, användning av en ultrasonic homogenizer och dialys kunde 
stärkelse troligtvis extraheras. Det extraherade materialet blandades med karboxymetylcellulosa 
(CMC) för att skapa en plastfilm. Filmen blev väldigt tunn och spröd, således behövs antingen en 
annat mjukningsmedel eller tillägg av additiv för att skapa ett mer användningsbart biobaserat 
plastmaterial. 
 
Den PHA-rika algen Calothrix Scytonemicola användes vid extraktionen av PHA. Algerna tvättades 
med aceton och kryomaldes innan PHA förhoppningsvis extraheras med hjälp av 
natriumhypoklorit(aq) och avjonat vatten. På grund av en för liten mängd tillgänglig alg extraherades 
endast en liten mängd material. Det var därför inte möjligt att skapa en plastfilm av vårt extrakt utan 
istället användes kommersiell PH3B, som är en typ av PHA. Tre försök genomfördes, en med endast 
kloroform, en med CMC och kloroform och den sista med sucrose octaacetate och kloroform. Den 
sistnämnda filmen gav det bästa plastmaterialet med avseende på de mekaniska egenskaperna. 
 
Nyckelord: Bioplastiskt material, Stärkelse, PHA, PH3B, Extraktion, Mikroalger, Polymerer 
 



 
 

Table of Contents 
1. Introduction .............................................................................................................................................. 1 
2. Literature survey ....................................................................................................................................... 2 

2.1 Microalgae ....................................................................................................................................... 2 
2.2 Polyhydroxyalkanoates..................................................................................................................... 2 

2.2.1 Chemical Structure....................................................................................................................... 2 
2.2.2 Properties..................................................................................................................................... 3 

2.3 Starch .............................................................................................................................................. 4 
2.3.1 Thermoplastic starch .................................................................................................................... 4 

2.4 Analytic methods ............................................................................................................................. 5 
2.4.1 FTIR analysis............................................................................................................................... 5 
2.4.2 NMR analysis .............................................................................................................................. 5 
2.4.3 SEM analysis ............................................................................................................................... 5 
2.4.4 IC analysis ................................................................................................................................... 6 

3. Experimental ............................................................................................................................................. 7 
3.1 Experimental Method - starch extraction ........................................................................................... 7 

3.1.1 Washing with acetone .................................................................................................................. 7 
3.1.2 SEM ............................................................................................................................................ 7 
3.1.3 Fourier-transform infrared analysis ............................................................................................... 7 
3.1.4 Nuclear magnetic resonance ......................................................................................................... 7 
3.1.5 Cryo grinding............................................................................................................................... 7 
3.1.6 Ultrasonic homogenizer ............................................................................................................... 8 
3.1.7 Lyophilisation .............................................................................................................................. 8 
3.1.8 Dialysis ....................................................................................................................................... 8 
3.1.9 Ion Chromatography analysis ....................................................................................................... 8 
3.1.10 Film casting ............................................................................................................................. 9 

3.2 Experimental Method - PHA extraction ............................................................................................ 9 
3.2.1 Washing with acetone .................................................................................................................. 9 
3.2.2 SEM ............................................................................................................................................ 9 
3.2.3 FTIR ............................................................................................................................................ 9 
3.2.4 NMR ........................................................................................................................................... 9 
3.2.5 Cryo grinding............................................................................................................................... 9 
3.2.6 PHA extraction .......................................................................................................................... 10 
3.2.7 IC analysis ................................................................................................................................. 10 
3.2.8 Film casting ............................................................................................................................... 10 

4. Results .................................................................................................................................................... 11 
4.1 FTIR results ................................................................................................................................... 11 
4.2 SEM results ................................................................................................................................... 16 
4.3 NMR results ................................................................................................................................... 18 



 
 

4.4 IC results ....................................................................................................................................... 21 
4.5 Extraction yield .............................................................................................................................. 23 
4.6 Plastic films ................................................................................................................................... 24 

5. Discussion............................................................................................................................................... 26 
5.1 Scenedesmus Almeriensis .............................................................................................................. 26 
5.2 Neochloris Oleoabundans ............................................................................................................... 27 
5.3 Calothrix Scytonemicola ................................................................................................................ 28 
5.4 Ethical and social aspects ............................................................................................................... 29 

6. Conclusion .............................................................................................................................................. 30 
7. Acknowledgement................................................................................................................................... 31 
8. References .............................................................................................................................................. 32 
 
  



1 
 

1. Introduction 

Today the use of different plastics is at an all-time high, almost all of which are oil-based. These oil-
based plastics are derived from non-renewable resources, which will eventually become too expensive 
to retrieve. Therefore, it will become too expensive in creation of economically sustainable materials 
[1]. To reduce the use of non-renewable resources a demand for “green materials” has emerged [2]. 
Green materials are characterized as materials that are partially or fully derived from renewable 
resources, for example sand and clay [3]. The use of green materials in plastic production could create 
a more sustainable life cycle for plastic products. Researchers are therefore focusing heavily on 
improving properties and production cycles for these green materials. The goal of this project is to 
attempt to create a bioplastic material based on microalgae. To reach this goal attempts to extract 
polymers from the algae will be performed. 
 
Microalgae are species categorized as Microphytes [4], which means that they are microscopically 
sized. They are autotrophic organisms consisting of a single cell [5]. Microalgae grow very rapidly 
and are able to harness energy from the sun and absorb surrounding CO2 to produce biomass. Recently 
microalgae have been studied as sources of molecules for the production of green materials.  
Since microalgae naturally produce polymers, they could potentially be of use in bioplastic 
production. Specifically, polymers such as starch or polyhydroxyalkanoates (PHAs), which are already 
being used in plastic production, are of interest. 
 
Extraction of polymers from plants can be difficult because they have multiple layered cell walls thus 
making them tough to penetrate. Cell walls exist to protect the internals of the plants along with 
structural support [6]. In order to extract polymers without destroying their inherent structure, one has 
to damage the cell walls. 
 
Following a successful extraction of either starch or PHAs, there will be an attempt to create a plastic 
material. PHAs possess inherent thermoplastic properties and will not need to be modified to create a 
plastic film. Properties will depend on the exact structure of the PHA, the purity of the extracted 
material, molecular weight and the extracted amount of PHAs. 
Starch on the other hand is not a polymer with plastic properties. It can be modified with additives to 
achieve thermoplastic properties or used as a filler in other plastics. 
 
With this project we will examine the possibility to create a bioplastic material by extracting polymers 
from microalgae. If the results are promising and a decent plastic material is created further research 
into microalgae and their building blocks could lead into a reliable source of bioplastics.  



2 
 

2. Literature survey 
 

2.1 Microalgae 
 
Microalgae, or Microphytes, are microscopically sized algae, which can grow in almost any water-
based environment. Their sizes vary between a couple to a few hundred micrometres and they do not 
grow leaves or roots [7]. Like most other green plants, they produce oxygen via photosynthesis [8]. 
Microalgae contain various pigment compounds, which are generated during growth and characterized 
by closed aromatic rings or long carbon chains [9]. In this project, 3 different species of microalgae 
said to be rich in Starch or PHA was focused upon in an attempt to produce a bioplastic material [10]. 
 
Calothrix Scytonemicola is a freshwater based microalgae [11]. It is a species of cyanobacteria, which 
uses solar energy and carbon dioxide (CO2) to produce Poly-3-hydroxybutyrate (PH3B) [12]. The 
algae are cultured under atmospheric conditions and are easy to harvest due to their filamentous 
nature. 
 
Scenedesmus Almeriensis is one of the two starch rich algae that were selected for extraction. They are 
a very resistant species of algae due to their tough cell walls, which is beneficial in industrial 
cultivations. These tough cell walls could become a challenge during extraction. During growth they 
consume CO2 providing a positive environmental effect [13]. 
 
Neochloris Oleoabundans is also known as Ettlia Oleoabundans [14]. This unicellular green 
microalgae is freshwater based and rich in starch [14] [15]. Even though the high starch content, 
Neochloris Oleoabundans is mostly studied due to its even higher content of lipids and therefore a 
potential candidate in production of biodiesel [15]. 
 
 

2.2 Polyhydroxyalkanoates 
 
Polyhydroxyalkanoates (PHAs) are biological polyesters which possesses thermoplastic or elastomeric 
properties [16]. They are biodegradable polymers; thus, they degrade into monomers after a certain 
amount of time in soil, compost or marine surroundings [17]. However, if a plastic is produced with 
PHAs and additives or fillers the degradation process can become more complex. 
 
 

2.2.1 Chemical Structure 
The general structure of PHAs is made up of repeating ester units containing a carbon chain, bound to 
an R-group and two oxygen atoms [18]. This creates a general structure resembling Figure 1 where n 
and m are integers independent of each other. 
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Figure 1 - General structure of PHA [18]. 

 

 
The most basic and common polymer in the PHA family is called Poly-3-hydroxybutyrate (PH3B). It 
contains repeating units made up of 3 carbon atoms and a methyl group, the integer n determines the 
number of repeating units, as shown in Figure 2 [18]. Another polymer in the PHA family is PHBV. 
 
 

 
Figure 2 - Chemical Structure of PH3B [19]. 

 
 

2.2.2 Properties 
Since PHAs contains so many different polymers it is hard to specify distinct properties. However, 
some key properties are consistent for all PHA polymers and thus make them competitive when 
compared to traditional plastics and also to other bioplastics. First and foremost, PHAs are not soluble 
in water, and are therefore somewhat resistant to moisture and hydrolytic degradation. This property 
greatly improves the versatility of this polymer [18]. They also have a good resistance to UV light 
along with low oxygen permeability. PHAs have a melting point that varies from 40 to 180 ℃ and a 
glass transition temperature between -50 to 4℃. Both temperatures change depending on molecular 
weight and crystallinity of the specific polymer [18] [19]. As mentioned before, different PHAs have 
different properties, therefore various products and industries could benefit from exploring usage of 
these biopolymers. For example, PHB has a slightly higher tensile strength than polypropylene (PP) at 
just about 40MPa [20], meaning it could replace PP in current applications as a bioplastic substitute. It 
is also a bio-compatible material, meaning that applications in medical areas are possible [21]. 
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2.3 Starch 
 
Starch (C6H10O5)n is a mixture of two polysaccharides consisting of molecule chains of glucose units. 
It consists of two molecules, the branched amylopectin and the linear and helical amylose (see fig. 3) 
[22]. Starch is the most common carbohydrate in human diets and is found in large amount in rice, 
potatoes and wheat [23]. Starch is produced in most green plants during photosynthesis as a form of 
energy storage [24].  
 

 
Figure 3 - Chemical structure of (a) amylose and (b) amylopectin [24]. 

 
 
Starch is a biodegradable and renewable compound [24] which also happens to be the most common 
and easily obtained natural polymer [25]. Therefore, it serves as an ideal raw material substitute for 
fossil-fuel components in various applications [24]. It is for example used in bioplastics in place of 
synthetic polymers [25]. Starch based bioplastics with biodegradable plasticisers can be degradable in 
various environments such as soil, composting and water. Thus, the raw material is highly suitable for 
applications where the product is likely or at risk to be disposed in the nature such as food and yard 
waste [23]. 
 
 

2.3.1 Thermoplastic starch  
Although starch-based plastic, also called Thermoplastic Starch (TPS), is a good alternative to today's 
traditional plastics it cannot be considered a replacement due to its properties [23] [25]. Moisture has a 
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big negative impact on the properties of TPS. Even the humidity in the air affects the material due to 
the plasticizing effect of water. Time is also a known issue that affects the properties of starch-based 
polymers. As time goes by the material becomes more brittle and an increase in rigidness occurs. To 
improve the properties of TPS two common methods are used; a multi-layered film of internal starch 
layers and external layers of biodegradable, renewable or synthetic polymers or a blend between starch 
and the same polymers used to make layers [26]. This study will focus on the blend solution.  
 
 

2.4 Analytic methods 
 

2.4.1 FTIR analysis 
Fourier Transform Infrared Spectroscopy (FTIR) is an analysis method used to detect bonds between 
different atoms to specify molecule segments in a sample by using infrared light. The sample is 
irradiated with infrared light where some is absorbed and some passes through it and reaches a crystal 
detector. The detected signal is amplified and transformed to a digital signal sent to a computer. A 
Fourier transform is executed, and a spectrum appears [27]. The spectrum maps a molecular IR 
fingerprint of the sample. Since different molecules give different spectra this method is very useful 
when determining the contents of a sample. However, quantification is much more challenging with 
FTIR [28]. 

 

2.4.2 NMR analysis 
Nuclear Magnetic Resonance Spectroscopy (NMR) is a method to examine local magnetic fields 
around atomic nuclei by using spectroscopic technique. There are many types of nuclei that can be 
analysed by means of NMR; the most common ones are 1H and 13C. The basic requirement for all 
possible nuclei is that they have an odd number of protons and neutrons, which in turn creates a 
magnetic spin that is distinguishable in the machines magnetic field. This creates a spectrum showing 
peaks at different chemical shifts for different atomic structures [29]. 
 
The created NMR spectra can be difficult to analyse since different machines use magnets with 
various strengths. The signals from the sample vary in wavelength depending on the strength of the 
magnetic field; therefore, a reference sample is often employed. Universally this is usually tetramethyl 
silane ((CH3)4Si) because it produces a single very sharp peak and does not interact or react with most 
organic compounds which prevents contamination [29]. By using this method information on atomic 
structure and substitutes can be compiled.   
 
 

2.4.3 SEM analysis 
Scanning Electron Microscopy (SEM) is a microscope that creates an image of a surface by means of 
an electron beam. The beam interacts with the samples atoms and uses the different composition and 
topography of the atoms to obtain signals. By using the position of the beam and the various signals an 
image is created [30].   
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2.4.4 IC analysis 
Ion chromatography (IC) is an analysis method for the quantification and separation of anions and 
cations [31]. A sample is mixed with an eluent which then flows through a column containing a 
stationary phase, depending of the electrical charge of this phase either anions or cations are separated 
and detected [32]. Following this step, a new eluent is run through the column to collect the ions that 
interacted with the stationary phase. This second eluent is then analysed, and a spectrum is generated 
based on that different ions travel through the column at various speeds and produce different 
electrical peaks measured in millivolts [33]. This method will be used to separate and detect ions that 
are formed during degradation of polysaccharides to monosaccharides in organic samples. By using a 
reference curve of different polysaccharides, an estimation of the samples polysaccharide content can 
be produced.  
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3. Experimental 
 

3.1 Experimental Method - starch extraction 
 

3.1.1 Washing with acetone 
Dried Scenedesmus Almeriensis and Neochloris Oleoabundans were weighed at 1 g each. They were 
then mixed with 50 ml of acetone for 24 h at room temperature to remove pigments and excess lipids. 
The samples were stirred in 100 ml conical flasks using magnet stirring at 250 rpm. The algae were 
then separated using a centrifuge (Hettich Zentrifugen Universal 320) (4000 rpm, 5 min) and the liquid 
phase was removed using pasteur pipettes. The samples were left do dry for a least 12 h in order to 
ensure that no acetone remained. The weight of the dried material was noted after the washing 
procedure to note the loss in mass. 
 
 

3.1.2 SEM 
Both algae were analysed under a Scanning electron microscope (SEM) (Hitachi S-4800) to closely 
examine structural changes before and after washing with acetone. All images were taken at 5000 V 
under various magnifications. Beforehand samples were coated with a mixture of Palladium and 
Platinum to prevent the sample from charging and also to help provide a better signal.  
 
 

3.1.3 Fourier-transform infrared analysis 
Fourier-transform infrared analysis (FTIR) was performed during every step of the experimental 
process in an attempt to analyse what compounds were extracted. For this analysis method we used 
PerkinElmer Spectrum 100 to measure the absorption of infrared light. Spectra from the FTIR 
microscope were made using Microsoft Excel. The wavenumber interval was set to 4000-600 cm-1 and 
number of scans was set to 16. 
 
 

3.1.4 Nuclear magnetic resonance 
Nuclear magnetic resonance (NMR) was performed during several steps of the experiments. All 
samples were analysed using a Bruker 400 Ultrashield ™. 10-15 mg of the samples were mixed with 1 
ml of Deuterium Oxide (D2O) or deuterated Chloroform (CDCl3), based on what the sample likely 
contains, and are then transferred into thin glass tubes. They were then analysed using the 1H proton 
method with 128 scans for optimum resolution.  
 
 

3.1.5 Cryo grinding 
Following the washing procedure, the algae were cryo grinded to further damage the cell walls to 
achieve a higher extraction yield. The previously washed algae were frozen in a bath of dry ice and 
acetone, which possesses a temperature of -78 °C, for approximately 5 min. The frozen product was 
transferred to a pestle and mortar and ground until a visual change in size was observed.  
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3.1.6 Ultrasonic homogenizer 
The ground up algae was mixed with 20 ml of deionized water and heated to 50 °C. The heated water 
mixture was then exposed to ultrasonic waves using a Sonics Vibra Cell CV334 for 20 minutes using a 
20/10 pulse setting (20 s of vibrations followed by 10 s pause) and amplitude of 20%. After the 
ultrasonic treatment the solid and liquid phases were separated using the same centrifuge and settings 
as before (see sec. 3.1.2). The method is based on the fact that the algae cells crush each other upon 
impact. When the cell walls break the starch becomes exposed to the water which it will then dissolve 
in. Therefore, the liquid phase should contain the desired starch and thus can be easily separated from 
the solid phase.   
 
 

3.1.7 Lyophilisation 
The separated liquid phase from the ultrasonic homogenizer was transferred to 100 ml round flask and 
the liquid phase was frozen in a bath of dry ice and acetone. Once frozen solid, the water was removed 
by means of lyophilisation, also known as freeze-drying. This process uses sublimation to remove 
liquids faster than room temperature evaporation via vacuum pressure. Each sample was put under 
vacuum in the freeze-dryer (Labogene ScanVan CoolSafe) for a minimum of 12 h to ensure all liquid 
was removed. 
 
 

3.1.8 Dialysis 
In order to purify the extracted material further, dialysis was performed. A membrane with a density of 
3500 from Spectra/Por®Dialysis was used. The extracted material was mixed with 6 ml of deionized 
water and placed in the membrane which was sealed with clips. The dialysis membrane containing the 
sample was then placed in a 1000 ml beaker filled with deionized water and stirred using magnetic 
stirring. To ensure a good process speed the water in the beaker was replaced often during the first day 
and more sparsely towards the end, this is because our unwanted compounds diffuse through the 
membrane by means of osmotic pressure. The dialysis was performed for 5 days to ensure the best 
possible result. The content inside the membrane was then lyophilized using the same previous 
method (see sec. 3.1.7) for a minimum of 12 h. 
 
 

3.1.9 Ion Chromatography analysis  
Before performing Ion Chromatography (IC) each sample was weighed carefully. The samples were 
then put in glass bottles with red high temperature caps. The samples were mixed with 3 ml of 72% 
Sulfuric Acid using a glass rod. Following this step, the bottles were placed in a vacuum desiccator for 
about 1 hour. Dilution of the samples was made with 84 ml of deionized water. The samples were then 
placed in an autoclave (Tuttnauer 2540EL) for about 2 h at 125 °C. A desiccator was once again used 
but this time to cool the samples. Filtration of the samples was then performed; the weight of the 
filters was noted before to see the amount of insoluble material. The samples were then placed in 100 
ml volumetric flasks and filled with deionized water to exactly 100 ml and shaken lightly, this is to 
create a stock solution. 10 ml of the stock solution was added into another volumetric flask and was 
again filled to exactly 100 ml with deionized water to create the diluted sample. About 1.5 ml of the 
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diluted sample was used for the IC analysis. The different amounts of polysaccharides were then 
calculated using the values from the analysis along with the weight of the insoluble material. 
 
 

3.1.10 Film casting 
Extracted material was weighed to approximately 100 mg. The co-component of choice was 
Carboxymethyl Cellulose (CMC) which was used to create a plastic material with better mechanical 
properties than commonly used plasticizers such as Sorbitol or Glycerol. 50 mg of CMC was used to 
create a 1:2 ratio between CMC and the extracted material. Both compounds were mixed with 8 ml of 
deionized water for about 2 h. The created solution was poured into a plastic petri dish (55 mm × 
16 mm) and left to dry for 3 days. Finally, the created film was removed from the petri dish by 
cracking it open.  Two different attempts at a plastic film was made with the extracted material from 
Neochloris Oleoabundans.   
 
 

3.2 Experimental Method - PHA extraction 
 

3.2.1 Washing with acetone 
Calothrix Scytonemicola was weighed to 1 g. It was then washed with the same procedure as 
described in section 3.1.1. 
 
 

3.2.2 SEM 
The algae were analysed using the same preparations, equipment and procedure as described in section 
3.1.2. 
 
 

3.2.3 FTIR 
FTIR analysis of these samples was performed with the same equipment and procedure as described in 
section 3.1.3. 
 
 

3.2.4 NMR 
NMR was performed using the same machine and procedure as described in section 3.1.4. However, 
since PHAs are water insoluble, chloroform was used as a solvent instead of D2O. 
 
 

3.2.5 Cryo grinding 
Cryo grinding was performed after washing with the same procedure as described in section 3.1.5. 
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3.2.6 PHA extraction 
Washed and cryo grinded algae were mixed with 100 ml of Sodium Hypochlorite(aq) with a 
concentration of 12% for 1 h in a 250 ml conical flask stirred at 250 rpm at room temperature. After 1 
h another 50 ml of water was added in order to precipitate the PHAs since they are water insoluble. 
The mixture was mixed for 12 h in order to ensure equilibrium and then divided into 4 test tubes.  
Solid and liquid phase were then separated using a centrifuge (4000 rpm, 15 min). The solid phase, 
which theoretically should contain extracted PHA, was then washed using 4x35 ml deionized water 
(35 ml for each test tube) twice and separated with the same centrifuge settings just described. Washed 
precipitate was diluted with some deionized water and transferred to a 250 ml round flask followed by 
lyophilisation as described in section 3.1.7. Final solid phase had to be dissolved in dichloromethane 
(DCM) in order to remove it from the flask. The solution was poured into a glass petri dish where the 
DCM evaporated, and the final product was obtained. 
 
 

3.2.7 IC analysis 
Ion Chromatography was performed on the washed and cryo grinded algae using the same procedure 
as described in section 3.1.9. 
 
 

3.2.8 Film casting 
Due to a lack of material after analysis of the PHA extraction, no attempt at creating a plastic film with 
the extracted material was made. However commercially produced Poly-3-hydroxybutyric acid 
(PH3B) was available. This commercial PH3B was difficult to dissolve even in chloroform. Three 
different plastic films were attempted. The first attempt was made with 150 mg pure PH3B and 8 ml 
of chloroform. The second with 100 mg of PH3B and 50 mg CMC mixed with 8 ml of chloroform, 
and finally with 100 mg PH3B and 50 mg sucrose octaacetate in 8 ml of chloroform. All mixing 
before casting in a glass petri dishes was made at 50 °C for approximately 2 h. 
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4. Results 
 

4.1 FTIR results 
 

During every step of this project FTIR analysis was made. Due to different coverages and contact 
between the crystal and sample, not much can be read into the numeric absorbance levels between 
samples. 
 
By using an Infrared Spectroscopy Absorption Table [34] the results from the FTIR analysis could be 
interpreted and important bands could be noted. A table with the most important wavenumbers is 
summarized in table 1. 
 

Table 1 - Summarized Infrared Spectroscopy Table. 

Wavenumber region (cm-1) Bond type Band type 
3550 - 3200 O-H Broad 
3000 - 2840 C-H - 
1740 - 1720 C=O - 
1662 - 1626 C=C - 
1650 - 1566 C=C - 
1420 - 1330 O-H - 
1275 - 1200 C-O - 
1075 - 1020 C-O - 

 
 
Figure 4 presents the FTIR spectrum of the algae Scenedesmus Almeriensis before any experiments 
were performed. From the table 1 one can see that the band at wavenumber 3288 cm-1 is an O-H bond. 
At 2919 cm-1 and 2851 cm-1 one finds a C-H bond. At 1649 cm-1 one finds a C=C bond. Wavenumber 
1020 cm-1 shows a C-O bond.  
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Figure 4 - FTIR spectrum of the algae Scenedesmus Almeriensis before any experiments were performed. 

 
Figure 5 presents the FTIR spectrum of the extracted material from the algae Scenedesmus 
Almeriensis. The band at 3270 cm-1 represents an O-H bond. 2920 cm-1 and 2848 cm-1 indicates C-H 
bonds. Wavenumber 1026 cm-1 shows a C-O bond. 
 
 

 
Figure 5 - FTIR spectrum of the washed and extracted material from the algae Scenedesmus Almeriensis. 
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Figure 6 presents the FTIR spectrum of the material after extraction and dialysis from the algae 
Scenedesmus Almeriensis. Wavenumber 3282 cm-1 is an O-H bond. 2918 cm-1 and 2850 cm-1 shows C-
H bonds. The band at 1634 cm-1 shows a C=C bond. Both wavenumbers 1243   cm-1 and 1031 cm-1 
shows C-O bonds. 
 
 

 
Figure 6 - FTIR spectrum of the extracted material from the algae Scenedesmus Almeriensis after dialysis was 
performed. 

 
Figure 7 presents the FTIR spectrum of the algae Neochloris Oleoabundans before any experiments 
were performed. An O-H bond is shown in wavenumber 3286 cm-1. The wavenumbers at 2924 cm-1 
and 2853 cm-1 represent a C-H bond. The band at 1648 cm-1 shows a C=C bond. 1242 cm-1 and 1023 
cm-1 indicates C-O bonds.  
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Figure 7 - FTIR spectrum of the algae Neochloris Oleoabundans before any experiments were performed. 

 
 
Figure 8 presents the FTIR spectrum of the extracted material from the algae Neochloris 
Oleoabundans. At 3224 cm-1 the band represents an O-H bond while the band at 2925 cm-1 shows a C-
H bond. At wavenumber 1598 cm-1 a C=C bond is found. The band at 1406 cm-1 represents an O-H 
bond. Wavenumbers 1229 cm-1 and 1042 cm-1 show C-O bonds.  
  
 

 
Figure 8 - FTIR spectrum of the washed and extracted material from the algae Neochloris Oleoabundans. 
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Figure 9 presents the FTIR spectrum of the algae Calothrix Scytonemicola before any experiments 
were performed. The band 3281 cm-1 shows an O-H bond. The bands at 2970 cm-1 and 2918 cm-1 
represent C-H bonds. The band at 1637 cm-1 indicates a C=C bond. At the wavenumber 1394 cm-1 one 
can find an O-H bond and at 1038 cm-1 a C-O bond is shown.  
 
 

 
Figure 9 - FTIR results for the algae Calothrix Scytonemicola before any experiments were performed. 

 
Figure 10 presents the FTIR spectrum of the extracted material from the algae Calothrix 
Scytonemicola. At wavenumber 2918 cm-1 and 2850 cm-1 a C-H bond is shown. At 1723 cm-1 there is 
a band that indicates C=O bonds. The band at 1607 cm-1 shows C=C bond. 1417 cm-1 represents an O-
H bond while 1056 cm-1 shows a C-O bond.  
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Figure 10 - FTIR spectrum of the washed and extracted material from the algae Calothrix Scytonemicola. 

 
 

4.2 SEM results 
 
A big different in grain size and appearance can be noted from the SEM results.  
 
Before any experiments were conducted the algae Scenedesmus Almeriensis consisted of large dense 
grains with diameters exceeding 500 µm (see fig. 11 and 12). The extracted material from the washed 
Scenedesmus Almeriensis (fig. 13 and 14) consists of spherical grains. The grain diameters vary 
between 10 µm to 35 µm. 

 

Figure 11 - The original algae Scenedesmus Almeriensis 
before washing and extraction at x100 magnification. 

Figure 12 - The original algae Scenedesmus Almeriensis 
before washing and extraction at x1000 magnification. 
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Like previously, the size of the grains differs greatly before and after extraction for the algae 
Neochloris Oleoabundans. Before any experiments were performed, the dry algae consist of large 
grains with pronounced edges (see fig. 15 and 16). The grains average size is approximately 150 µm. 
After washing with acetone and extraction of starch, the grains become much smaller and spherical 
(see fig. 17 and 18).  
 
 

 
 

Figure 15 - The original algae Neochloris Oleoabundans 
before washing and extraction at x100 magnification. 

Figure 16 - The original algae Neochloris Oleoabundans 
before washing and extraction at x1000 magnification. 

Figure 13 - Extracted material from Scenedesmus Almeriensis 
at x100 magnification. 

Figure 14 - Extracted material from Scenedesmus Almeriensis 
at x1000 magnification. 
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Before any experiments were performed, the algae Calothrix Scytonemicola consists of large grains. A 
big difference between the starch rich and PHA rich algae is noticeable. The starch rich alga contains a 
very compact structure while the PHA rich algae have a much more porous structure (see fig. 19 and 
20).   
 

 

4.3 NMR results 
 

By using a table for chemical shifts for 1H NMR, the results from the NMR analysis could be 
interpreted [35].  

An NMR spectrum of the extracted material from Scenedesmus Almeriensis is shown in fig. 21. There 
is a big cluster of peaks at 4-3.5 ppm. The huge peak at 4.75 is the signal from the solvent, D2O. There 
are also two peaks at about 5.25 ppm. 

Figure 17 - Extracted material from the algae Neochloris 
Oleoabundans at x100 magnification. 

Figure 18 - Extracted material from the algae Neochloris 
Oleoabundans at x1000 magnification. 

Figure 19 - The algae Calothrix Scytonemicola before washing 
and extraction of PHA at x100 magnification. 

Figure 20 - The algae Calothrix Scytonemicola before washing 
and extraction of PHA at x1000 magnification. 
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Figure 21 - NMR spectrum of the extracted material from Scenedesmus Almeriensis. 

 
The NMR spectrum after extraction and dialysis from Scenedesmus Almeriensis is shown in fig. 22.  
The peaks at a chemical shift of about 5.5 ppm have almost disappeared.  The rest of the spectrum 
appears similar to before the dialysis was performed. The massive peak at 4.75 is the D2O. 
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Figure 22 - NMR spectrum of the extracted material from Scenedesmus Almeriensis after dialysis. 

The NMR spectrum of the extracted material from Neochloris Oleoabundans is shown in fig. 23. A 
multitude of peaks appear at a chemical shift between 4-3.5. There are also two larger peaks between 
1.5 and 1.25. The massive peak at 4.75 is the D2O. 
 

 
Figure 23 - NMR spectrum of extracted material from Neochloris Oleoabundans. 



21 
 

 
The NMR spectrum of the extracted material from Calothrix Scytonemicola is shown in fig. 24, There 
is a big peak at 7.25 corresponding to the solvent CDCl3. There are two more large peaks at about 0.9 
and 0.1.  There is also a massive peak at 1.25 which indicates bound water in the compound. 
 

 
Figure 24 - NMR spectrum of the extracted material from Calothrix Scytonemicola 

 
 

4.4 IC results  
 

In figure 25, the different monosaccharide contents as well as the amount of insoluble material are 
displayed in percentages.  
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Figure 25 - Monosaccharide contents in extracted material from Scenedesmus Almeriensis. 

Figure 26 shows monosaccharide contents along with insoluble material displayed in percentages. 
Worth noting is the error that the total amount adds up to 107%. 
 

 
Figure 26 - Monosaccharide contents in extracted material from Neochloris Oleoabundans. 

Figure 27 shows the monosaccharide contents in washed and cryo grinded Calothrix Scytonemicola 
displayed in percentages. 
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Figure 27 - Monosaccharide contents in washed and grinded Calothrix Scytonemicola. 

 
 

4.5  Extraction yield 
 

Yields of each extraction step were calculated based on weights. The weight was measured after 
washing and after extraction in order to calculate the differences. Based on this, a percentage loss 
could be calculated which is displayed in table 2. 

Table 2 - Yields after performed experiments presented in %. 

Experimental step Weight (g) Yield (%) 
Scenedesmus Almeriensis 1 n/a 

After acetone washing 0.817 81.7 
After extraction 0.1663 16.63 

Neochloris Oleoabundans 1 n/a 
After acetone washing 0.9034 90.34 

After extraction 0.1594 15.94 
Calothrix Scytonemicola 1 n/a 
After acetone washing 0.8848 88.48 

After extraction 0.0081 0.81 
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4.6 Plastic films 
 

In figure 28, the first attempt at a plastic film with extracted material from Neochloris Oleoabundans 
(100 mg) and Carboxymethylcellulose (CMC) (50 mg) is displayed. 

 
Figure 28 - Plastic film created from the extracted material from Neochloris Oleoabundans and CMC. 

 
 
The attempt to create a film with commercial PH3B (100 mg) and CMC (50 mg) is shown in figure 
29. The resulting material is clearly not suitable for any purpose. 
 
 

Figure 29 - Attempt to produce a plastic film with commercial PH3B 
and CMC. 
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In figure 30, the plastic film created from PH3B (100 mg) and sucrose octaacetate (50 mg) is 
displayed. The film is not completely transparent and small particles can be seen. 
 

 
Figure 30 - Plastic film cast out of commercial PH3B and sucrose octaacetate 
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5. Discussion 
 

5.1 Scenedesmus Almeriensis 
 
In two of the images from the SEM (see fig. 11 and fig. 12) the algae particles appears to be rather big 
and compact. It was therefore decided to cryo grind the algae in an attempt to increase the yield of the 
extraction process.  
 
In figure 4, the FTIR analysis of the original Scenedesmus Almeriensis is shown. By assuming that a 
polysaccharide in some form exists in the algae, it is much easier to interpret the results. The band at 
3288 cm-1, indicates the presence of -OH groups and the ones at 2919 cm-1 and 2851 cm-1 seem to be 
C-H bonds. However, the band at 1649 cm-1, which should be a C=C bond, is not found in a 
polysaccharide. As mentioned in section 2.1, the pigments in the algae can consist of aromatic rings, 
which contains three C=C bonds, and thus it is likely that the microalgae Scenedesmus Almeriensis 
consists of photosynthetic pigments that contain unsaturated carbon bonds. Taking a look at the 
chemical structure of starch (see fig. 3) it contains several -OH substituents on a carbon ring. These 
rings are bound together by a C-O-C bond, also known as the glycosidic bond. The massive band at 
1017 cm-1 represents a C-O bond, which most likely indicates a glycosidic bond. In turn this indicates 
that there are some forms of polysaccharides in our samples.  
 
The FTIR spectra of the extracted material (see fig. 5); are somewhat similar to figure 4. All the bands 
that should be present for a polysaccharide, such as starch, are displayed in the spectra. However, the 
C=C bond has been reduced in comparison to the previous scan. This is probably due to the washing 
of the algae where the waste acetone was very coloured and thus indicates a removal of pigments from 
the algae. 
 
Looking at the NMR analysis of the extracted material, there is a very big cluster of peaks at the 
chemical shift from around 4 ppm to 3.25 ppm. When the peaks are in a cluster there is a lot of similar 
protons, in this case the big cluster looks very similar to a polysaccharide further strengthening the 
arguments that we extracted polysaccharides. 2 smaller peaks at about 5.25 ppm also appear in the 
spectrum. These 2 peaks are probably part of uronic acids which indicates that there are other 
compounds than starch present in the sample. 
 
The IC analysis gave more insight in what kind of monosaccharide building blocks the extracted 
material contained. Especially notable is the very high levels of glucose (56.7%). Glucose is the 
monosaccharide that starch consists of and the high amount therefore indicates that not only a 
polysaccharide was extracted but also a good amount of starch. 
 
Dialysis was performed in an attempt to obtain a purer polysaccharide material. The NMR analysis 
after dialysis showed a reduction of the assumed uronic acids, while the rest of the sample pretty much 
remained the same. This indicates that the dialysis was successful in removing compounds of low 
molecular weight and thus giving a purer material. 
 
No plastic film was attempted based on this algae, all of the available extracted material was used in 
analysis methods. 
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5.2 Neochloris Oleoabundans 
 
SEM images showed that the extracted material was much smaller in size than the original algae. 
Thus, indicating that ultrasonication effectively crushed the cell walls. 
 
Similarly to Scenedesmus Almeriensis, Neochloris Oleoabundans presented bands in the FTIR 
analysis (see fig 7) which are indicative of a polysaccharide. Bands corresponding to -OH, C-H, and 
C-O bonds are present at the wave numbers 3286 cm-1, 2924 cm-1 and 2853 cm-1 as well at 1242 cm-1 
and 1023 cm-1 respectively. There is quite a large band at 1648 cm-1, most likely a C=C bond. As 
described in section 5.1 this is probably part of the aromatic rings in the pigment compounds. The 
bands that indicate the C=C bonds for this algae are bigger than the bands for S. Almeriensis, which 
seems reasonable as the algae itself was quite a bit darker thus containing more pigments. The acetone 
used for washing was also a much darker green colour, almost black. Just like in the other starch rich 
algae, there are bands indicating C-O bonds, at wavenumbers of 1242 cm-1 and 1023 cm-1 respectively. 
Based on these bands and previous arguments the conclusion that the algae contain polysaccharides 
can be drawn.  
 
The extracted material was analysed using FTIR (see fig. 8). Once again one can see that the bands 
indicating pigments have been reduced noticeably. This is probably the case since a lot of pigments 
were removed during washing.  
 
Examining the NMR results for Neochloris Oleoabundans, the same cluster of peaks at the same 
chemical shift as for Scenedesmus Almeriensis, can be found. Just like previously, this indicates that 
some sort of polysaccharides are present in the extracted material. 
 
Results from the IC analysis for the extracted material of Neochloris Oleoabundans cannot be 
interpreted. Something went wrong during analysis and the results showed a weight percentage over 
100%, specifically a total of 107%. Therefore, no conclusions on the monosaccharide contents would 
be valid. The material also contained a very large amount of material insoluble in sulfuric acid which 
is troubling since the insolubility indicates that a lot of the extracted material is not starch.   
 
Two plastic films were cast using extracted material from Neochloris Oleoabundans. In both cases 
100 mg of extracted material was mixed with 50 mg of carboxymethyl cellulose (CMC). The first film 
was more transparent, thinner and more brittle than the second one. The difference in mechanical 
properties might be because during washing of the algae, that was used for the second attempt; some 
heat was added by accident. The second film was not as transparent; it was however a bit thicker even 
though it was made from the same amounts of material. Because of the increased thickness, the 
material was slightly more flexible and less brittle. Both plastic films were too brittle to be used in a 
day to day situation. To create a material with a wider application area, more or different components 
should be added. Had a larger amount of algae been available, maybe a less brittle and a thicker 
material with better mechanical properties could have been cast. 
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5.3 Calothrix Scytonemicola 
 
SEM images of Calothrix Scytonemicola (see fig. 19 and fig. 20) showed a more porous structure 
which presumably indicates that the cell walls are easier to penetrate than the walls of the other two 
algae. Theoretically this could give a higher yield during extraction. However, during extraction only a 
small amount of material was collected (see table 2). It is possible that some extracted material was 
lost during purification of the compound.  
 
Not surprisingly, the FTIR analysis of the original Calothrix Scytonemicola (see fig. 9) looks very 
similar to the other two algae, as they all are categorized as microphytes. When combining the 
presence of the bands at 3281 cm-1, 2970 cm-1, 2818 cm-1, 1038 cm-1 and 892 cm-1 the conclusion can 
be drawn that this algae contains polysaccharides of some kind. The band at 1637 cm-1, which is a 
C=C bond, which were earlier concluded to be a part of pigment compounds, is quite small in this 
graph. Therefore, the conclusion was drawn that this algae seemed to contain the least amount of 
colorants, especially when considering the colour of the acetone after washing.  
 
Following the extraction method with Sodium Hypochlorite the extracted material was analysed with 
FTIR (see fig. 10). The resulting spectrum does not resemble a polysaccharide spectrum. A small 
bump at approximately 3300 cm-1, which indicates -OH groups, could be an indicator of PHA chain 
ends. The huge bands at 2918 cm-1 and 2850 cm-1, which contain C-H bonds, seem to fall right in line 
with spectra of known PHA compounds. The band at 1723 which indicates a C=O bond, is also found 
in PHAs. 
 
By comparing the NMR results for the extracted material (see fig. 24) to an NMR spectrum with 
known PHBV [36], which is a type of PHA consisting of PH3B and PHV, most of the placed at the 
same chemical shift. Therefore, the conclusion can be drawn that the NMR results indicate PHAs in 
the extracted material. 
 
IC analysis was performed on the washed and cryo grinded algae (see fig. 27). The results showed a 
wide variety of polysaccharides, with large amounts of glucose and galactose. These compounds are 
hopefully removed during washing and extraction, since PHAs are the desired end product.  
 
Due to a small extraction amount no plastic film could be casted based on this algae. However, the 
analysis results indicate PHAs in the extracted material. Therefore, we decided to create a plastic film 
with commercial PH3B, this was not an easy task and required several attempts with small 
adjustments such as heat increase and additives. Without additives the material ended up being very 
brittle and unusable (see fig. 29). The casted film with sucrose octaacetate produced a pretty good 
material with decent strength and good flexibility (see fig. 30). It also appeared to be high in 
crystallinity due to the noise it made when creasing it. Since PHAs are much easier to dissolve in 
chlorinated solvents than other solvents, it is not very sparing of the environment. 
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5.4 Ethical and social aspects   
 
When considering social aspects, one can argue that this project and its goal only bring positive 
contributions to society. The used algae impact the environment in a friendly way, both as CO2 
absorbents and being a renewable resource. This is turn creates a sustainable life-cycle for the algae. If 
further research is performed and a more usable plastic material is created, it could potentially lead to 
a reduction in plastic waste. 
 
Since no information on how the algae are cultured was available, one cannot discuss this from an 
ethical perspective. However, during SEM analysis an energy-dispersive x-ray spectroscopy (EDS) 
was performed, which showed no traces of toxic elements such as heavy metals. Therefore, the algae 
are not harmful during production of plastic and neither when using the products.   



30 
 

6. Conclusion  
 

In this study attempts were made to extract starch and PHAs from three different species of 
microalgae; Scenedesmus Almeriensis, Neochloris Oleoabundans and Calothrix Scytonemicola. 
Following the extraction process the goal was to create a plastic film based on the extracted materials. 

Both starch rich algae, Scenedesmus Almeriensis and Neochloris Oleoabundans, gave different results 
regarding the extraction of starch using ultrasonification and water. The conclusion was drawn that the 
attempt to extract starch from the algae Scenedesmus Almeriensis was successful. This was based on 
results from FTIR, NMR and IC analysis. Starch extraction on the algae Neochloris Oleoabundans did 
however not show the same promising results. The extracted material likely contained a mix of 
polysaccharides but whether one of the polysaccharides is starch or not cannot be concluded. 
However, the created plastic material from the algae Neochloris Oleoabundans was decent and more 
research could be made into a material consisting of a mixture of different polysaccharides. Since 
using ultrasonification and water is a very environmentally friendly way to extract polysaccharides it 
is a recommended method, especially because the yield of this method was relatively high. By 
streamlining this method, it could potentially be used on a larger industrial scale.  
 
The PHA rich algae Calothrix Scytonemicola also gave promising results. From the FTIR and NMR 
analysis one can conclude that some type of PHA was extracted. However, nothing can be said about 
the algae's ability to create a bioplastic material since the yield of the extracted material was extremely 
low. But the film casted with PH3B showed that PHAs can create usable plastic. The method used to 
create the film does however have a negative impact on the environment since a chlorinated solvent is 
used. Through further research a more environmentally friendly method could potentially be 
developed thus giving PHAs a promising chance in the future of plastic material production. 

Among the created plastic films, the one with extracted material from Neochloris Oleoabundans and 
CMC gave the most promising result when regarding extraction method and environmental impact. 
Even though it does not necessarily contain starch one can see this as a step in the right direction in the 
transition from oil-based plastic to bio-based plastics.  
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