
 

 

 

UNIVERSITY OF VETERINARY MEDICINE BUDAPEST 

Department of Microbiology and Infectious Diseases. 

The Multifaceted Health Effects of Spirulina. Creating a simple 

bioreactor for growing  Spirulina for research purposes. 

 

Submitted by: 

Yara Sfeir 

Supervisors: 

Andócs Gábor DVM, Ph.D 

Department of Microbiology and Infectious Diseases 

and 

Daiana Alymbaeva DVM, Ph.D student 

Department of Physiology and Biochemistry 

 

Budapest, Hungary 

2025 



Abstract  

This thesis investigates the biological characteristics and health relevance of Arthrospira 

platensis (Spirulina) and develops a reproducible laboratory workflow for its controlled 

cultivation. The main objective was to establish two identical photobioreactors, grow 

Spirulina in parallel and monitor biomass development using optical density measurements 

at 680 nm. The cultivation protocol produced highly consistent growth curves in both 

reactors confirming the stability and repeatability of the system. An exploratory 

electromagnetic field exposure was applied to one reactor but no measurable differences in 

growth or pigment accumulation were observed compared with the control. The literature 

review highlights the major bioactive compounds of Spirulina and their antioxidant, anti 

inflammatory immunomodulatory and cardiometabolic effects. Overall, the study provides 

a reliable cultivation platform and a documented baseline for future optimization 

experiments linking growth conditions to biochemical and immunological quality.  

 

Absztrakt  

A dolgozat az Arthrospira platensis (Spirulina) biológiai jellemzőit és egészségügyi 

jelentőségét vizsgálja, valamint egy reprodukálható, laboratóriumi körülmények között 

alkalmazható tenyésztési munkafolyamatot dolgoz ki a faj kontrollált kultiválására. A 

kutatás fő célja két azonos felépítésű fotobioreaktor létrehozása volt  amelyekben a Spirulina 

párhuzamos tenyésztése történt miközben a biomassza növekedését 680 nm es optikai 

denzitásméréssel követtük nyomon. A tenyésztési protokoll mindkét reaktorban rendkívül 

hasonló növekedési görbéket eredményezett ami a rendszer stabilitását és 

megismételhetőségét igazolja. Egy feltáró jellegű elektromágneses térnek kitett kultúra 

esetében nem mutatkozott mérhető különbség sem a növekedésben, sem a 

pigmentfelhalmozódásban a kontrollhoz  képest. Az irodalmi áttekintés kiemeli a Spirulina 

fő bioaktív vegyületeit, valamint antioxidáns, gyulladáscsökkentő, immunmoduláló és 

kardiometabolikus hatásaikat. Összességében a vizsgálat e megbízható kultivációs 

platformot és jól dokumentált kiindulási alapot nyújt a jövőbeli optimalizálási kísérletekhez, 

amelyek célja a tenyésztési körülmények és a Spirulina biokémiai, illetve immunológiai 

tulajdonságai közötti összefüggések feltárása. . 
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1.Introduction  

 

Arthrospira platensis commonly known as Spirulina [1], is a filamentous, spiral shaped 

cyanobacterium naturally found in highly alkaline lakes in Africa and Mexico [2]. In these 

countries its cultural use and benefits are well documented and it was long consumed by the 

Indigenous communities including the Aztecs who harvested it from these high alkalinity 

waters and processed into cakes [3]. Beyond traditional  uses around alkaline lakes in Africa 

and Mexico, controlled cultivation has expanded globally [3]. In our modern times, the 

benefits of Spirulina as a nutrient dense supplement in the diet of animals and humans is also 

highlighted. In Mexico during the 20th century the use of Spirulina reemerged in the 

industrial world after its discovery in The Lake Texcoco, a lake known to be favorable for 

the natural growth of Spirulina since it offers a alkaline ph proper to its blooming [3]. A 

chemical company called Sosa Texcoco harvested the Spirulina from this Lake and launched 

the “Spirulina Mexicana” which briefly became the world’s largest producer before the 

organizational issues ended the venture [3]. 

Spirulina belongs to the cyanobacteria which is a type of microalgae [4]. Cyanobacteria are 

Gram-negative photosynthetic prokaryotes [5]. Unlike macroalgae which are multicellular 

eukaryotic plantlike organisms that thrive in aquatic environments, microalgae are 

unicellular and phototroph organisms[5]. This means their primary energy source is sunlight 

which they use through photosynthesis to fix atmospheric carbon dioxide and water into 

organic matter while releasing oxygen [5]. Light harvesting relies heavily on Spirulina’s 

pigment profile consisting mainly on C phycocyanin and allophycocyanin whose bilin 

chromophores like phycocyanobilin confer the characteristic blue green color and 

antioxidant capacity of Spirulina [5]. A. platensis morphology is made of trichomes which 

are unbranched , thread like filaments formed by discoid cells joined end to end and typically 

surrounded by a thin mucilaginous sheath [6].These trichomes adopt a helical spring like 

morphology which diameter varies with growth phase and light regime. Trichomes contain 

all the pigments responsible for the photosynthesis which make it the functional unit of the 

microalgae [6]. 

Today, microalgae are recognized for their health benefits. Spirulina is an excellent source 

of antioxidants, vitamins like vitamin A, vitamin K and B complex vitamins, proteins and 

lipids, making it widely promoted “superfood” [7]. It also contains some trace of minerals 
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such as zinc, magnesium and selenium which concentrations strongly depends on the strain 

and process conditions [8]. 

Spirulina have gained a renewed attention as dietary supplements for its remarkable features 

like rapid growth rate. If it is cultivated in its optimal environment it can bloom easily and 

efficiently [6]. 

Numerous studies have demonstrated the wide ranging health benefits of Spirulina 

specifically in lowering cholesterol levels, enhancing immune function, and reducing 

inflammation [9] The bioactive compounds of Spirulina mentioned earlier like phycocyanin, 

polysaccharides and essential fatty acids contribute to these therapeutic effects by 

modulating oxidative stress and inflammatory pathways [9]. 

The immunomodulatory potential of Spirulina has also been explored in many studies. It has 

a huge capacity to stimulate the immune cell activity and to enhance the antibody production. 

It also regulates the inflammatory mediators which makes it a valuable immune system 

booster [10]. Interestingly, the consumption of Spirulina in the market and its popularity 

extends beyond its physiological effects. In fact some studies highlight the role of its 

distinctive green color in its appeal. This color evokes the health, the fitness that aligned 

with modern wellness. Making it a “trendy” product to buy if you are into fitness and 

wellness [1]. 

Arthrospira platensis, grows vigorously only when put under a specific environment within 

a narrow favorable window: typically high alkalinity (pH 8.5 to 10.5), warm temperatures 

(30 to 35 degrees Celsius), abundant dissolved inorganic carbon, specific lighting that is not 

photo inhibitory, and balanced nutrients [11]. Any changes in these variables can alter the 

trichome integrity and can lower the growth rate, depressing the C phycocyanin yields and 

this is why the productivities vary across all the productions [11]. 

In this thesis, we review in detail the biological effects of Spirulina, and we report on the 

implementation of two simple photobioreactors that can be used to produce the Spirulina 

needed for laboratory experiments. 
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2. Literature review 

 

2.1 Overview of the Taxonomy and structure of Microalgae  

The organism commonly known as Spirulina is taxonomically classified within the domain 

Bacteria, which comprises prokaryotic, unicellular organisms lacking a true nucleus and 

membrane bound organelles [12]. It belongs to the phylum Cyanobacteria, a diverse group 

of microorgansims capable of performing oxygenic photosynthesis [5]. Traditionally, 

Spirulina has been placed in the class Cyanophyceae, which includes filamentous 

cyanobacteria containing chlorophyll  as the primary photosynthetic pigment, along with 

accessory pigments such as phycocyanin [4]. Within this phylum, Spirulina is assigned to 

the order Oscillatoriales, a lineage of non heterocystous filamentous cyanobacteria that 

thrive in diverse ecological environments [4]. Historically, Spirulina was classified under 

the family Oscillatoriaceae , however, advances in molecular phylogenetics, including 16S 

rRNA sequencing and ultrastructural analyses, have led to its reassignment to the family 

Microcoleaceae [4]. It is important to note that, even if the name Spirulina remains widely 

used in commercial and nutritional contexts, the scientifically accepted genus for these 

helical filamentous species is Arthrospira, with Arthrospira platensis being the most 

commonly cultivated form [5]. 

Although the name “Spirulina platensis ” remains widely used in the commercial market, it 

is taxonomically inaccurate [1]. Products sold as “Spirulina” are in fact derived from 

Arthrospira platensis, which has become the accepted scientific nomenclature following 

extensive morphological and genetic studies [1]. 

2.2 Biochemical Composition of Spirulina 

2.2.1 Protein Content  

The principal macronutrient, in Arthrospira platensis, commonly known as Spirulina, is 

protein, which constitutes approximately 55 to 70 % of its dry biomass [7].This protein 

concentration is considerably higher than that of conventional animal and plant based protein 

sources [13]. For instance, eggs contain approximately 12 % protein and beef around 22 % 

[7]. Importantly, the proteins in A. platensis are of high biological quality, providing  a 

complete profile of essential amino acids that are highly bioavailable [14]. Approximately 
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47 % of the total protein content is composed of essential amino acids, making Spirulina a 

superior alternative to many traditional plant based proteins [7]. 

While it contains relatively lower levels of methionine, cysteine and lysine compared to 

animal derived proteins [15]. Spirulina still surpasses most plant sources, including legumes, 

in both protein quantity and quality [7]. It is also worth noting that the digestibility of these 

+proteins plays a crucial role in their nutritional efficacy, with A. platensis exhibiting 

favorable digestibility metrics[16]. Thus, Spirulina represents a nutrient dense and 

sustainable protein source with considerable potential for addressing dietary protein 

deficiencies, particularly in vegetarian and vegan populations [7]. 

2.2.2 Vitamins and Micronutrients 

In addition to its rich protein and lipid content, A. platensis provides a broad spectrum of 

vitamins, minerals  and bioactive compounds[11]. It is an abundant source of B complex 

vitamins (B1, B2, B3, B6, B9), vitamin E, beta carotene and the antioxidant pigment 

phycocyanin, which gives Spirulina its distinctive blue-green hue and contributes to its anti-

inflammatory and radical scavenging properties [7] 

Edelmann et al. (2019) demonstrated that dry Spirulina powder is particularly rich in 

riboflavin (B2), niacin (B3) and folic acid (B9) [17]. However, it is important to note that 

most of the vitamin B12 found in Spirulina exists in a biologically inactive form, limiting its 

usefulness in treating B12 deficiencies[18]. To meet recommended daily intakes for folic 

acid and B12, an approximate daily intake of 4 to 5 grams of Spirulina is suggested [7]. 

One of Spirulina’s most notable micronutrients is beta carotene, a provitamin A compound 

efficiently converted by the body into active vitamin A [19]. This vitamin is vital for immune 

function, vision and reproductive health[20]. Furthermore, the incorporation of Spirulina 

into functional foods and beverages, such as juices, significantly enhances their nutritional 

value and antioxidant potential, reinforcing its role in health-promoting dietary interventions 

[7]. 

2.2.3 Lipid and Fatty Acid Composition 

Spirulina also serves as a promising alternative source of polyunsaturated fatty acids 

(PUFAs), with a total lipid content typically ranging from 5 to 10% of its dry biomass [21]. 
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Its lipid profile includes polyunsaturated, monounsaturated and saturated fatty acids, 

generally exhibiting a favourable ratio toward polyunsaturates [14]. 

A key feature of Spirulina’s lipid fraction is the presence of gamma linolenic acid (GLA), 

which can represent 30 to 35% of its total fatty acids [14]. GLA contributes to maintaining 

healthy cell membrane function and has been associated with beneficial effects on 

cardiovascular health [14]. Spirulina lipids also contain glycolipids and essential fatty acids 

from both the omega-6 and omega-3 families[14]. 

Among omega-6s, GLA and palmitic acid  are frequently discussed for possible benefits 

related to cholesterol and heart health [22]. Reported ranges put linoleic acid (LA) at roughly 

13.1 to 31.5 % and GLA at 12.9 to 39.4 % of total fatty acids, while long chain omega 3s 

like eicosapentaenoic acid  (EPA)  and docosahexaenoic acid (DHA) tend to be present only 

in small amounts [22]. Overall fat content varies by source and processing, some surveys 

find about 10 % lipids, others 1.5 to 8.1 % in commercial powders[21]. Profiles commonly 

show omega 6 near 23 to 24.5 % of total fatty acids and very low alpha linolenic acid (omega-

3) [22]. 

2.3. Biological effects and therapeutic applications of Spirulina 
 

2.3.1 Antioxidant and Anti-inflammatory effects  
 

Spirulina has received increasing scientific attention due to its high nutritional value and its 

diverse biological activities particularly its antioxidant , anti inflammatory properties. 

Recent researches have explored Spirulina from multiple perspectives: Its antioxidant 

activity in combination with other functional ingredients, its role in animal health and feed 

supplementation and its ability to counteract inflammation and oxidative stress in 

pharmacological or toxicological contexts. Together these studies provide a comprehensive 

view of Spirulina as a multifunctional bioactive compound having both antioxidant and 

anti inflammatory properties.  

Antioxidant activity refers to the ability of certain compounds to neutralize free radicals, 

which are unstable, highly reactive molecules generated naturally during metabolic 

processes such as respiration or inflammation [23].While the body produces antioxidants 

endogenously to maintain redox balance, excessive production of free radicals can 

overwhelm this defence system, leading to oxidative stress [10, 23]. Oxidative stress 
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contributes to cellular damage and plays an important role in the pathogenesis of numerous 

chronic diseases, including asthma, cardiovascular disease, and certain cancers [23]. In 

addition to endogenous sources, external factors such as tobacco smoke, ozone exposure, 

industrial chemicals and ultraviolet radiation further promote free radical generation, 

highlighting the importance of dietary antioxidants in maintaining health [28].  

 Spirulina platensis contains a large array of antioxidant compounds, including          

phycocyanin, Beta carotene, vitamin E and phenolic acids, which together contribute to its 

strong free radical neutraliser activity [24].These molecules act through various 

mechanisms, such as donating electrons, chelating metal ions and enhancing the activity of 

endogenous antioxidant enzymes like superoxide dismutase and catalase[25]. 

In their study written in 2023, Agnese Stunda-Zujeva and her colleagues investigated the 

antioxidant activity of various Spirulina containing products, comparing their effects both 

alone and in combination with other common ingredients such as apple juice, Japanese 

quince syrup and cranberry syrup [26]. This research is significant because Spirulina also 

known as Arthrospira platensis, is widely recognized as one of the richest natural sources of 

antioxidants, vitamins and bioactive compounds [27] 

In the study by Stunda-Zujeva and colleagues, the researchers wanted to determine whether 

combining spirulina with fruit based products could further enhance antioxidant potential 

through synergistic interactions[26]. They measured the total phenolic content and overall 

antioxidant capacity using spectrophotometric assays. The results were striking: when 

combined with apple juice, Japanese quince syrup or cranberry syrup, spirulina exhibited 

significantly higher antioxidant activity compared to either component alone. This 

synergistic effect was attributed to the interaction between spirulina’s phycobiliproteins and 

the phenolic compounds naturally present in fruits [26]. 

In addition, the researchers observed that the total phenolic content of each mixture increased 

over time, even as the direct antioxidant activity of spirulina slightly decreased during 

storage. This suggests that biochemical transformations possibly the release or conversion 

of bound phenolic compounds were occurring, resulting in a net increase in phenolic 

content[26]. 

However, not all combinations were entirely synergistic. While the overall effect of 

combining spirulina with the tested ingredients was beneficial a mild antagonistic interaction 
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was observed between spirulina and apple juice, possibly due to differences in pH or 

compound compatibility that might influence the stability of active molecules[26]. Despite 

this, the net outcome remained positive, confirming that spirulina can significantly enhance 

the functional and preservative qualities of beverages and syrups when formulated 

appropriately [26]. 

From a commercial perspective these findings are highly relevant. Spirulina’s strong 

antioxidant potential and its ability to extend product shelf life make it an appealing additive 

for the functional food and nutraceutical industries[28]. But, some studies also note that the 

organoleptic properties of spirulina which means its distinctive odor and taste, limit its direct 

consumption[29]. Most commercially available forms such as pills capsules or powders, are 

designed to mask these sensory barriers [30]. Yet this processing can reduce the nutritional 

value, as fresh spirulina generally retains a higher concentration of active compounds 

compared to its dried form [26]. 

Stunda Zujeva and colleagues emphasize that future research should focus on developing 

processing techniques that preserve spirulina’s bioactivity while improving its flavor and 

texture[26]. Encapsulation technologies fermentation or microencapsulation using natural 

polymers could be promising strategies to enhance its acceptability and stability [26]. 

In another study published in 2022, by Doaa Waheed and colleagues, there is an investigation 

of the anti inflammatory effects of spirulina along with an immunomodulatory effect that we 

will mention later specifically on animal health [2]. Focusing mainly on spirulina as an 

animal feed used for its highly nutritional qualities for animal growth and fertility [2]. In 

addition to that the use of spirulina as a feed supplement in the diet of farm animals grown 

for food consumption was shown to be a very cost effective resource, since human’s demand 

for meat keeps on increasing and spirulina appears to be a sustainable source of proteins in 

animals’ diet [2]. In their paper Waheed and his colleagues, mentioned the hepatoprotective, 

nephroprotective , neuroprotective hypoglycemic, antitumor effects and finally and more 

importantly the anti inflammatory and immunomodulatory effect of spirulina [2]. Spirulina 

has shown to decrease the release of histamine from the mast cells which leads to a decrease 

in the inflammations[31]. 

In the study written by Alaa Behairy and colleagues in 2023, they investigate whether the 

administration of Spirulina  and thymoquinone is able to decrease the neurotoxic adverse 

effects of Methotrexate (MTX) which is used as a chemotherapy drug along with its anti 
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inflammatory effects[32]. They administered the drug to rats and analyzed their brain 

markers after the administration of the drug only for one group and the administration of the 

drug and spirulina for another group of rats. The results showed that spirulina is able to 

decrease the inflammatory responses by changing the signals pathways such as MAPK and 

NF-kB that will lead to a decrease in the production of the inflammatory modulators in the 

rats’ brain tissue such as TNF-alpha and IL 6 [32]. In addition to that spirulina is shown to 

inhibit the cyclooxygenase-2 pathway and the levels of prostaglandins both leading to 

inflammation [32]. Overall the Methotrexate administration in rats shows an increase in the 

inflammatory modulators and overall inflammation as well as an increase in the oxidative 

stress and cell damages, but when combined with spirulina supplementation both the 

oxidative stress and inflammation are decreasing [32].  

Overall these studies demonstrate Spirulina’s ability to attenuate oxidative stress and 

downregulate inflammatory cascades, showing once again  its role as a beneficial 

supplement for health.  

2.3.2 Immune modulation properties 

 

Spirulina has been extensively investigated for its capacity to enhance immune function and 

improve the productivity and health of animals. Multiple studies have demonstrated that 

Spirulina supplementation promotes growth performance optimizes nutrient absorption 

enhances gut microbial balance and supports stronger immune response. The studies we are 

going to discuss now highlight Spirulina as a natural multifunctional feed additive capable 

of improving both physiological and immunological outcomes in animals. 

In the paper written by Nahed A. EL-Shall, and colleagues in 2023, Spirulina was used as a 

dietary supplement in poultry and showed a clear improvement in productivity and health of 

the poultry in question[33]. The poultry receiving the spirulina showed a higher growth rates 

and improved feed conversion ratios [33]. It also showed a better gut microbial balance and 

a better absorption in the intestines[33]. In addition the study also highlighted Spirulina 

important immune modulatory properties since it showed an important boost in the 

macrophages activity and cytokine production, making the spirulina one of the most 

important supplement for immune modulation[34]. In fact it showed an increase in the 

antibody production and cellular immunity leading to a better protection against avian 

diseases such as avian influenza and Newcastle disease[35]. In addition to that the 
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microalgae also proved to have an amazing role as an antiviral and antimicrobial agent since 

it inhibits the biofilm formation and reduced the bacterial motility for certain colonies as 

Salmonella [36] and Ecoli[33].In conclusion this research underlines the importance of 

Spirulina in improving poultry performance and in reinforcing the immune defenses against 

diseases [33]. 

A second study written by Nahed Yehia and colleagues in 2024 further explored spirulina’s 

role as a natural immunostimulant [37]. It enhanced the efficacy of the vaccine H9N2 against 

the influenza virus [37]. In this experiment 150 SPF chickens were divided into six groups, 

some of which were fed with spirulina extract (200mg/kg) and vaccinated with the H9N2 

vaccine while others were vaccinated without the spirulina supplementation[37]. The results 

showed that the chickens that received spirulina with vaccination exhibited the highest levels 

of hemagglutination inhibition titers and exhibited no viral shedding [37]. Spirulina also 

showed to decrease the nitric oxide levels after infection and improved histopathological 

outcomes in organs confirming its anti-inflammatory properties [38]. This study shows us 

that Spirulina is a natural solution for improving the poultry immunity and vaccine efficacy 

as well as in controlling avian influenza outbreaks [37]. 

In addition to that, Huh-Nam Yang and colleagues carried a study in 1997, which showed 

the contribution of spirulina platensis in modeling the anaphylactic reactions [39]. In order 

to do that they injected rats with a powerful inducer of anaphylactic reaction, compound 

48/80 [39]. They monitored the rats for one hour and determined the mortality rate[40]. The 

rats that were provided with spirulina platensis at 0.5 mg/g BW to 1.0 mg/g showed 68.7 % 

inhibition of passive cutaneous anaphylaxis, as well as a complete inhibition of compound 

48/80 induced anaphylactic shock and a significant reduction in serum histamine levels 

following exposure to compound 48/80 [39]. In conclusion Spirulina inhibits the 

degranulation of mast cells leading to a significant decrease in anaphylactic reactions [39]. 

This study is really important in showing how diet can modulate immune system leading in 

allergic reactions prevention by suppressing histamine and TNF alpha and stopping mast 

cells degranulation [39]. 

In their experiment in 2024, Mohammad Farouq Sharifpour and colleagues , grew Spirulina 

in the lab, they then isolated the extracellular vesicles by ultracentrifugation and size 

exclusion chromatography [41]. They used the cryogenic transmission electron microscopy 

to check the outer membrane vesicles, they performed a size measurement of the 
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extracellular vesicles showing an average of 100 nanometers [41]. They then performed an 

in vivo work on mice to which they injected 200 mg of spirulina extracellular vesicles per 

mouse in 100 microliters of phosphate-buffered saline (PBS). Spirulina derived extracellular 

vesicles were shown to activate directly the innate immunity by increasing the amount of 

neutrophils and M1 polarized macrophages at the site of injection [41]. In addition, Spirulina 

also lead to an increase in interferon gamma positive and T helper type 1 cells locally which 

constitute a pro inflammatory reaction [41]. Spirulina doesn’t only modulate the innate 

immunity it also acts as adjuvant in adaptive immunity [42]. In fact when paired with a 

subunit vaccine antigen Spirulina  induced an increase in antigen specific immunoglobin G  

linked to the T helper 1 type responses [43]. This dual effect highlights Spirulina’s capacity 

to modulate both innate and adaptative immune responses [41]. 

Kawanishi and his colleagues carried out an experiment where they extracted complex 

polysaccharides from Spirulina, and they noticed that these polysaccharides can activate the 

Toll like receptor 4 which regulates key pathways involved in immune responses and tumor 

cell behavior, especially by modulating the glioma cell proliferation and survival [44]. 

Gliomas are aggressive brain tumors and TLR4 is a key immune receptor known to mediate 

the inflammatory and anti tumor responses against it [44, 45]. The activation of TLR4 by 

these polysaccharides triggered immune cascades such as MAPK and NFkB resulting in 

increased expression of pro inflammatory cytokines and an enhanced TH1 type immune 

response characterized by interferon alpha production[44, 46]. This shift in the immune 

system suppressed glioma cell proliferation and promoted apoptosis showing that Spirulina 

is able to recruit immune mechanisms to control tumor growth [44].  

In another paper written by Sinetova, Kupriyanova and Dmitry, they review the taxonomic 

history of the organism commonly known as Spirulina, then talked about the many good 

health benefits of spirulina one of them being it s immunomodulating properties [1]. They 

highlighted that spirulina contains polysaccharides, phycocyanin, LPS and peptides that can 

interact with the immune receptor [1, 46]. Specifying that the extracellular polysaccharides 

and LPS can stimulate Toll like receptors (TLRs) and on innate immune cells [4, 30].These 

interactions shift the cytokine balance and enhances the interferon alpha and IL12 while 

reducing the proinflammatory IL17 and IL23 signaling [1, 47]. The immune system acts 

towards a Th1 type response that is effective against infections and tumors [47]. Because of 

these characteristics Spirulina derived molecules are considered a potential vaccine 

adjuvants or cancer immunotherapy enhancers able to boost immunity [1, 10]. The 
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immunomodulation effect of Spirulina has been linked to reduced allergy symptoms , 

antiviral defense and general immune resilience [1]. 

In conclusion these studies pointed out the consistent immunomodulating activity of 

Spirulina. That’s why it is not sold only as a supplement but mainly as power food with both 

nutritional and therapeutic promises. 

 

2.3.3 Anti-cancer properties  

 

Spirulina has also appeared to be rich in bilirubin like tetrapyrrolic compounds such as 

phycocyanobilin and chlorophyllin, which are organic molecules made of four pyrrole rings 

[48]. These compounds are powerful antioxidants with anti tumor characteristics [26]. 

In the study published in 2014, Renata Konickova and colleagues wanted to know if the 

antioxidant benefits of Spirulina could reduce the growth of pancreatic cancer cells [48]. For 

this purpose they implanted mice with pancreatic tumors and then gave them Spirulina, they 

also checked the in vitro by adding Spirulina chlorophyllin to the culture of pancreatic cancer 

cells in the lab. The results showed that Spirulina and its bilirubin like pigments can slow 

down pancreatic cancer growth in both cells and live animals, this is done by decreasing the 

harmful oxygen radicals produced in the mitochondria and changed the amount of cellular 

antioxidants toward a state that decreases the tumor survival [48]. 

In addition, Mahmoud and his colleagues, investigated the power of Spirulina in removing 

the hepatocellular carcinoma (HCC), a type of liver cancer [49]. They discovered that the 

Spirulina treatment increased the activity of p53 , which is a tumor suppressor gene and by 

doing so reducing the survival of tumor cells, they also stated that the Spirulina treatment 

slowed the HCC progression by reducing the oxidative stress mechanism in the liver and 

restoring antioxidant defenses [49]. In addition and as we know, tumors need to do 

angiogenesis to be able to spread and Spirulina is able to downregulate the angiogenesis 

procedure stopping the flow of oxygen and nutrients to the tumor. These results sustain the 

multitargeted aspect of spirulina in regulating or even preventing liver tumors [49]. 

In a third study written by Silva and colleagues and published in 2021,they broke down all 

the bioactive molecules present in Spirulina that might have an anticancer role [50]. They 

identified four main compounds: phycocyanobilin and phycocyanin, polysaccharides, 
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phenolic compounds and  linolenic acid [50].  First of all, phycocyanin and phycocyanobilin 

are the major blue pigments in Spirulina, it triggers apoptosis and blocks cell cycle 

progression suppressing tumour growth in many cancer models [36, 50]. Second of all, 

polysaccharides stimulate the immune system enhancing the activity of natural killer cells 

and macrophages and contributing to the prevention of tumour spread [10, 50]. Next, is the 

phenolic compounds which provide the antioxidant protection against DNA damage. And 

Finally the linolenic acid (GLA), an omega-6 fatty acid that has anti inflammatory and 

antiproliferative properties reducing cancer cells. The mechanisms used by this compounds 

to reduce tumour are: the induction of apoptosis, the cell cycle arrest, the antioxidant activity 

(reducing DNA damages from oxidative stress) and finally the antiangiogenesis mechanism.  

In conclusion, tthese experiments are a proof that Spirulina is a rich source of bioactive 

compounds that lead to a potential tumour decrease. Specifying that more clinical trials 

should be performed to confirm its efficacy and safety in cancer therapy [49–51]. 

2.3.4 Properties against cardiovascular disease 

 

Cardiovascular diseases are a group of disorders affecting mainly heart and blood vessels. It 

remains one of the most common cause of mortality in the world [52]. Lifestyle and diet play 

a crucial role in the prevention and management of these diseases [43]. The symptoms of a 

cardiovascular disease are mainly chest pain, shortness of breath, palpitations, arrhythmias, 

fatigue and weakness [52]. Spirulina’s active compounds such as phycocyanin, phenolic 

acids, vitamins and minerals play an important role in protecting the heart and blood 

vessels[53].  

In their paper, Martinez Samano and his colleagues, focused on the activity of Spirulina in 

managing cardiovascular disease and reducing its risk factors[54]. In their experiment they 

gave a dose of 1 to 4.5g of Spirulina per day for a duration of 12 weeks in 16 adult patients 

with systemic arterial hypertension treated with angiotensin converting enzyme (ACE) [54]. 

The results showed an important decrease in the systolic blood pressure (less than 0.05) at 

the end of the treatment [54]. In addition, at week 12, the endothelial markers sVCAM-1, sE 

selectin and endothelin 1 are decreasing [54]. These endothelial markers reflect the vascular 

inflammation. So in that sense Spirulina is able to decrease the overall vascular inflammation 

and vasoconstriction leading to a good management of the Cardiovascular diseases [54]. 
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In their study lead in 2019, Joanna Arthur Ataam and her colleagues, wanted to prove that 

Spirulina supplementation improves the arterial remodelling, so they made an experiment 

on mice[55].They divided the mice into three groups: the control, the supplemented with 

spirulina and the supplemented with silicon enriched Spirulina (SpSi) [55]. The 

supplementation was given for 12 weeks. During this period they measured the blood 

pressure, the arterial stiffness, the endothelial function, the remodelling.[55] 

They discovered that neither the SpSi or the Spirulina supplementation lowered the blood 

pressure. However they noticed that the SpSi restored nitic oxide mediated relaxation of 

arteries, and finally the SpSi decreased arterial wall thickening and excess collagen 

protecting vessel structure[55]. In conclusion, regular Spirulina had only mild benefit and 

the silicon enriched Spirulina was much more effective in reducing the risk of cardiovascular 

diseases  [55]. 

Michael Majewski and his colleagues, published an article in the pharmaceutical Biology in 

2022, where they investigate whether an aqueous Spirulina extract can improve vascular 

function in aged rat aorta [56]. With aging the nitric oxide bioavailability is reduced and the 

oxidative stress is increased and this is where Spirulina supplementation might be efficient, 

since it has antioxidant and antihypertensive properties [56]. To prove this they used aged 

male Sprague Dawley rats and supplemented them with Spirulina aqueous extract. The 

results showed an improved nitric oxide production capacity, an improved vasodilation 

sensitivity and a potentiated vasoconstriction indicating that Spirulina Aqueous Extract 

improves vascular smooth muscle sensitivity [56]. These results suggest that Spirulina 

Aqueous Extract results in an overall vascular tone regulation [56]. 

The study written in 2018 by Ghaleb A. Oriquat and colleagues, and published in the journal 

Applied Physiology, Nutrition and Metabolism, shows the effect of spirulina on type 2 

diabetes rats [57]. They treated the groups with metformin and spirulina and measured the 

biochemical parameters: blood glucose, insulin, hepatic enzymes and lipid profile. After a 

glycaemic control it has been showed that spirulina lowered the fasting glucose and insulin 

levels [57]. Regarding the liver function the results showed that spirulina reduced the 

elevated hepatic enzymes. It also improved the cholesterol and triglycerides levels and 

reduced the inflammatory markers (like TNF α), while increasing the adiponectin which is 

a anti inflammatory, insulin sensitizing [57]. 
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The experiments mentioned in this section suggest that Spirulina exerts multiple 

cardioprotective effects through complementary biological pathways. Clinical and 

experimental studies consistently show that its bioactive compounds contribute to reduced 

vascular inflammation as well as an improved endothelial function and leading to an  

enhancement of the nitric oxide availability and modulation of vascular tone[54–56]. 

Spirulina further supports cardiovascular health by improving glycaemic control lipid 

profiles and inflammatory status[57]. Together these findings suggest that Spirulina may 

serve as a valuable adjunct in the prevention and management of cardiovascular diseases, 

acting through both vascular and metabolic mechanisms.  

 

2.4 Effect of spirulina as a supplement in the diet of farm animals  

 

In their study Waheed and his colleagues focused on the effect of spirulina as a diet 

supplement on many different animals. Spirulina supplementation in cattle showed an 

increase in the safety and quality of the milk by reducing the milk somatic cell count. The 

cows that were supplemented with Spirulina showed a better body condition and produced 

more milk as well with a yield increasing by around 21 % [2]. In addition to that, the use of 

spirulina as a supplement lead to an improvement in the milk composition with higher 

percentages of fat, proteins and lactose [2, 58]. On another hand, Spirulina supplementation 

leads to a better sperm quality since it has an influence on the cryoresistance feature of the 

spermatozoids [59].El Waheed et al. paper also showed that sheep also benefit from spirulina 

as dietary supplement. The paper stated that the lambs fed with spirulina supplementation 

showed a greater live weight and daily weight gain compared to controls [2]. The pregnant 

ewes also benefit from this dietary supplementation since it produced heavier lambs with 

higher growth rate [2, 20]. The offsprings showed to have improved body weight, feed intake 

and feed conversion. In goats spirulina improved the body weight as well during pregnancy 

and suckling periods. It also increased the milk yield by 6 to 8 % [2]. And the overall 

offsprings’ performance and growth is proved to be better after the supplementation of 

Spirulina [2, 20]. 

In the weaned piglets, Spirulina supplementation has proven valuable since they showed a 

growth rate of 9%faster than the unsupplemented piglets. In addition to that spirulina lead to 

an increase in the fertility in boars since it improves the sperm motility in the boars [2]. 
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In poultry, spirulina is linked to heath improvements and economic benefits. It increased the 

macrophage and phagocytic function improving the health of the chicken in general and cost 

efficiency [60]. Spirulina improved egg quality in hens by increasing fatty acid and omega3 

content while decreasing the cholesterol content [2, 61]. Spirulina also acts as a 

immunostimulant in chickens increasing the resistance to viral infections and shedding [2].It 

is also used in aquaculture, by increasing the growth performance of some fish species, their 

feed efficiency and body composition [62]. It also showed to enhance the red and white 

blood cell counts and haemoglobin levels and to modulate the immune responses of the fish 

by increasing the activity of lymphocytes, lysozymes and complement pathways[63]. In 

catfish specifically challenged with bacterial infection Spirulina supplementation shows a 

reduction in mortality rates confirming its role of boosting immunity [2]. 

In conclusion, Spirulina is a multifunctional feed additive that has many benefits among a 

wide range of animal species. The supplementation of spirulina in the diet of many species 

of animals has shown to improve their productivity, product quality and reproductive 

performance while enhancing their immunity[2, 20, 62]. In the domain of animal production 

these findings are really important since it makes spirulina a valuable resource for it since it 

improves the overall animal health while meeting the consumer demand for high quality 

animal product and the producer goal of cost efficiency and profitability[64]. 

2.5 Overview of different laboratory scale bioreactors  

 

This section presents the lab scale bioreactors used to cultivate microalgae such as Spirulina 

and to create cultivation strategies before scale up. We are going to compare the work of 

many researchers in creating the stirred tanks, air lift reactors , flat panel and emerging LED 

integrated systems [65]. For each design, we will study and summarize the core operating 

principles and practical trade offs in mixing and gas and light distribution, temperature 

control, monitoring and automation, contamination risk, footprint and cost. Emphasis is 

placed on how these features influence specific growth rate and photon use efficiency. 

Together, these comparisons provide a way for selecting an appropriate platform for 

hypothesis testing and parameter screening. 

The first example of photobioreactor building we have is from the work done by Anton 

Mikryukov and colleagues to optimize Spirulina platensis cultivation by comparing 

continuous vs. batch bioreactors at near ambient temperatures and evaluate cell resilience to 
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household chemical contaminants [66]. The authors engineered two laboratory scale 

photobioreactors, one of a 30 L continuous spiral system with internal LED illumination and 

CO2 bubbling and a 1L thin layer flat panel unit operated under sunlight and compared it to 

conventional batch flasks. Cultures were grown on Zarruk medium, biomass was tracked 

and viability was assessed under exposure to household chemicals. At room temperature, the 

bioreactor set ups produced higher wet biomass than flasks, indicating that controlled 

hydrodynamics, gas exchange and optical path improve the photon to biomass conversion 

without requiring high temperature. However, lowering the temperature reduced colony 

forming units, highlighting a viability penalty despite productivity gains. Exposure 

experiments showed that phosphates in the detergents and toothpaste markedly decreased 

the Spirulina survival. Collectively, the work demonstrates that appropriate reactor design 

can enhance yield at lower thermal input but that real world contaminants remain a critical 

constraint for scalable Spirulina production [66].  

In another research lead by Alfredo de Jesus in 2022, they tested different inner tube sizes 

inside an air bubbled algae tank to see which one helps spirulina grow best [67]. The 3 inch 

tube mixed the water well without destroying the delicate thread like Spirulina so it produced 

the most biomass which is about 1.1 to 1.3 grams per liter within a week and the fastest 

growth rate which is around 153 milligrams per liter per day. In that setup, the culture 

steadily used nitrogen and phosphorus from the water each day, which is what you expect 

when the algae are growing strongly and making lots of protein. The main takeaway is 

simple: picking the right inner tube size to get good mixing without too much force matters 

more than just blowing in more air and it lets this Spirulina grow quickly and reliably in the 

lab [67]. 

In the study lead by Soni and colleagues in 2019, they want to show that successful mass 

cultivation depends primarily on medium composition pH, temperature, light and adequate 

mixing and aeration, in addition alkaline conditions maintained with sodium bicarbonate 

help suppress competing algae. While many photobioreactors and open pond configurations 

exist, growth modeling is complicated at high cell densities because light attenuation and 

scattering deviate from simple Beer Lambert behavior and parameter heavy models are 

impractical, for strain selection [68]. In this study they cultivate Spirulina in both an open 

pond and a closed lab reactor using standard Zarrouk’s medium and a cost reduced urea 

based modified medium in order to quantify the biomass productivity and specific growth 

rate, assessing effects of light, temperature, depht, ph and nutrients. Methods included daily 



18 

 

OD450 based biomass , chlorophyll and kinetic calculations with controlled aeration and 

acclimatization to local conditions [68]. 

Using what we learned from the studies we reviewed, we built our own photobioreactors in 

our lab to grow the microalgae we received. We kept the design simple and cheap but 

focused on what matters for growth: a short path for light so cells are well lit, gentle air 

bubbling so they stay mixed without damage and easy CO₂ pH control so photosynthesis 

runs smoothly. Because the setup is modular and easy to maintain, we can fix or improve it 

quickly. In practice, this straightforward design gave us reliable, fast growth repeatable way 

to produce more microalgal biomass in our lab. 
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3. Aim of study 
 

The aim of this study is to design, construct and then evaluate an efficient and affordable 

laboratory scale system for cultivating Arthrospira platensis under controlled environmental 

conditions. As we previously mentioned, Spirulina, a cyanobacterium of remarkable 

nutritional and biochemical value[4] has gained growing attention due to its high protein 

content and antioxidant potential in addition to its numerous therapeutic benefits[10]. 

Despite its ascending popularity optimizing cultivation systems that are both cost effective 

and replicable in laboratory environment remains a challenge. This project seeks to establish 

a reproducible framework for small scale Spirulina production and to demonstrate how a 

simple bioreactor setup can be used to produce Spirulina biomass suitable for experimental 

and educational purposes. In addition, it questions whether electromagnetic bio stimulation 

can influence the microalga’s growth performance and biochemical composition, 

particularly its pigment and protein yield. Finally this project provide a scientific basis 

connecting the biochemical composition of Spirulina to its well documented health 

promoting properties.  

In addition to improving cultivation efficiency, this research aims to close the gap between 

in vitro experimental systems and applied biotechnology. By understanding both the 

physiological responses of Spirulina to environmental and electromagnetic stimuli and the 

biochemical reasons of its nutritional effects, this study contributes to sustainable microalgal 

biotechnology and functional food science. 

3.1. Creating a Simple, Laboratory Scale Bioreactor for Experimental Spirulina 

Production 

This part of the study focuses on the design and construction of a compact, easy to assemble 

bioreactor capable of maintaining the optimal conditions required for Spirulina cultivation. 

These include parameters such as pH (9.5 to 10.5), temperature (30 to 35 °C), illumination 

and nutrient availability [68]. The goal is to create a functional and low cost system that 

reproduces the natural growth conditions of Spirulina while allowing precise experimental 

control. The bioreactor will serve as a platform for studying Spirulina’s growth dynamics 

and photosynthetic efficiency under laboratory conditions. 

Unlike open pond systems, laboratory scale bioreactors offer several advantages like greater 

control over contamination, also an improved reproducibility of experimental data and the 
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possibility to manipulate environmental variables such as pH temperatures and light 

spectrum. In this project the bioreactor will include basic monitoring features such as 

aeration, light control and nutrient supplementation to maintain the optimal growth 

parameters. The purpose is not to achieve biomass accumulation but to see how to assess 

small  changes in these parameters to affect the pigment yield and metabolic activity [6]. 

Developing this small scale platform will enable future researchers and students to conduct 

controlled cultivation experiments at minimal cost while generating Spirulina biomass for 

nutritional biochemical and pharmacological analysis. The resulting bioreactor design could 

also serve as a model for  semi industrial photobioreactors or for adaptation to educational 

and research laboratories. 

3.2. Investigating Electromagnetic Bio stimulation Methods to Improve Spirulina Yield 

The second objective of this research is to investigate whether electromagnetic stimulation 

can increase Spirulina’s growth rate and biochemical productivity. Electromagnetic 

biostimulation has been shown to affect biological processes in various microorganisms by 

influencing ion transport, increasing enzyme activity and modifying photosynthetic 

pathways [68]. It has emerged as a promising technique in algal biotechnology. In this 

context, the study aims to apply controlled electromagnetic exposure to one of the bioreactor 

culture and to assess its impact on biomass yield, pigment content especially C phycocyanin 

and overall culture health [69]. 

Experimental studies on plants and microorganisms suggests that low intensity 

electromagnetic fields can promote cell division, chlorophyll formation and antioxidant 

enzyme activity potentially enhancing growth rates and metabolic efficiency [69]. 

This project will therefore expose a culture of Spirulina (photobioreactor A) to a controlled 

electromagnetic field and compare its performance with a non stimulated 

culture(photobioreactor B). Measurements will include growth rate, biomass concentration 

pigment yield and biochemical composition. It is hypothesized that electromagnetic 

exposure could positively affect the photosynthetic process and promote metabolic 

accumulation resulting in improved yield and quality of Spirulina biomass. 
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3.3 Understanding the Health Promoting Properties of Spirulina 

 

The third goal of this research is to understand Spirulina’s biological and therapeutic benefits 

and its role in promoting human and animal health. Spirulina is rich in proteins, vitamins, 

essential fatty acids and antioxidant compounds such as phycocyanin, beta carotene and 

tocopherols, which contribute to its anti inflammatory, immunomodulatory effects [52]. By 

linking the biochemical properties of Spirulina to its physiological benefits, this study seeks 

to highlight its value as a sustainable source of bioactive nutrients and its potential 

integration into dietary and therapeutic applications. 

Spirulina is rich in essential nutrients like proteins, vitamins , minerals like iron magnesium 

and selenium and antioxidant compounds such as beta carotene and phycocyanin [7]. These 

bioactive molecules have been reported to reduce oxidative stress modulate immune 

responses and improve lipid metabolism making spirulina an effective supplement 

maintaining overall health and preventing diseases [14]. 

Phycocyanin, a major pigment protein complex unique to Spirulina, shows a strong radical 

scavenging and anti inflammatory activities by inhibiting proinflammatory mediators and 

enhancing antioxidant enzyme systems [1]. In addition, Spirulina’s polysaccharides and 

polyunsaturated fatty acids contribute to its immunomodulatory and lipid lowering effects, 

offering potential therapeutic benefits in metabolic disorders cardiovascular diseases and 

inflammation related pathologies [9]. 

Through this analysis, the study aims to provide a clearer understanding of how cultivation 

conditions environmental factors and possible electromagnetic stimulation influence the 

accumulation of these bioactive compounds. 
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4. Materials and Methods  

 

This section provides a detailed description of the experimental setup, materials and 

procedures employed to create photobioreactors, to cultivate Spirulina and to assess the 

impact of electromagnetic stimulation on its growth and biochemical characteristics. The 

study was conducted under controlled laboratory conditions to ensure reproducibility and 

minimize external variability. The experimental framework consisted of two identical bench 

scale photobioreactors designed for parallel cultivation, allowing for direct comparison 

between a control system (Photobioreactor B) and an electromagnetically stimulated system 

(photobioreactor A). The bioreactors were equipped with standardized illumination, aeration 

and temperature regulation systems to maintain stable culture conditions throughout the 

experiment. 

In addition, detailed protocols were followed for strain acquisition, medium preparation, 

inoculation and maintenance to guarantee culture consistency. Data on temperature, light 

intensity and growth progression were monitored regularly, and all measurements were 

conducted according to established algal biotechnology standards. 

4.1 Bioreactors Materials 

We constructed two nominally identical bench scale photobioreactors, designated A and B, 

to enable controlled parallel cultivation and an explicit intervention control comparison. 

Each unit comprised an opti white glass tank (30 x 15 x 40 cm external  16 L working 

volume) seated on a rigid L shaped aluminum frame built from Bosch 20 x 20 mm profile 

(overall frame envelope is 32 x 23 x 46 cm), which provided precise, repeatable mounting 

points for illumination, aeration and heating while minimizing vibration and geometric drift 

between time points. Illumination in both reactors was delivered by the same Hadex full 

spectrum LED grow lamp (36 W, 230 V, IP44, model K378A/HD0287), seen in Figure 2, 

fixed to the frame at matched height and angle so that incident light geometry, shadowing 

and thermal load were equivalent across vessels. Aeration and mixing were standardized 

using a single Eheim Air400 diaphragm pump (4 W, 400 L h⁻¹) feeding each tank via 5 mm 

silicone tubing to two TetraTec AS 35 ceramic diffusers, placed symmetrically near the tank 

bottom to ensure gentle fine bubble dispersion and comparable gas liquid mass transfer. 

Tubing lengths, splitter configuration and valve settings were mirrored to equalize back 

pressure. For temperature control, both reactors carried an Oase HeatUp 50 adjustable 
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submersible heater (50 W) positioned along a sidewall to promote gentle convective 

circulation and to avoid localized hotspots near the diffusers. Heater set points were identical 

and checked against the same reference thermometer during commissioning. Prior to 

inoculation, we aligned the frames, verified lamp output positioning, leak tested the aeration 

circuit, rinsed tanks and lines and marked a common 16 L fill line to keep headspace and 

hydrostatic depth consistent. The photobioreactor components can be seen in Figure 1. 

 

Figure 1. Components of the completed bioreactor 
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Figure 2. Illumination system in the bioreactor with the LED grow lamp 

 

 

 

Figure 3- Growth of Spirulina in Bioreactors A and B  
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Figure 4- Conserving mother culture samples to make new cultures. 

 

4.2 Spirulina origin and the start of cultivation  

The microalgal strain used Spirulina platensis (UTEXLB2340) was obtained from the UTEX 

Culture Collection of Algae, University of Texas at Austin, USA. The package contained a 

live inoculum culture which was immediately transferred under aseptic conditions to the 

prepared photobioreactors. The first inoculum was designated as the mother culture (Figure 

4), serving as the primary source for all subsequent subcultures and experimental 

inoculations. 

The mother culture can be conserved for approximately two to three months without transfer 

provided it remains uncontaminated and under stable conditions , out of direct sunlight and 

covered . This slow maintenance phase deliberately decreases growth rate and metabolic 

activity, just to conserve the strain for it to remain alive until needed. When the bioreactors 

were prepared, fresh inoculum was drawn from this mother culture and gradually scaled up, 

ensuring genetic consistency and minimizing the risk of contamination. 

While transferring the strain in the bioreactor we always keep a small amount of the strain 

to keep a mother culture stored and available when needed. This allow us to multiply the 
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strains and to keep making new cultures until the study is over (Figure 5). This maintenance 

of a stable mother culture while using subcultures allowed us to safeguard the original strain 

and ensure a continuous supply of Spirulina for the bioreactors (Figure 4). 

Prior to shipment the UTEX provided culture recommendations, including maintenance at 

20 degrees in the Spirulina medium under medium to low illumination with a 12:12 hours 

light/dark cycle and transfers to fresh medium every three months. These recommendations 

were adopted as the baseline conditions for our cultivation work. The University of Texas 

sent us along the strain the separate components of the Spirulina Solution 1 medium 

formulation to prepare in house. 

 

 

Figure 5- A, starting the algae cultivation. B, the algae mass after 3 weeks of cultivation 

 

Microscopic examination of the Spirulina cultures was performed to confirm morphology 

and overall culture health throughout the experiment. Samples were collected directly from 

each bioreactor and placed on glass slides without staining to preserve their natural structure. 

Brightfield microscopy was carried out using 10 x , 20 x , 40 x objectives allowing for both 

broad population level visualization and detailed inspection of individual trichomes in 

brightfield illumination (Figure 6) and in  contrast illumination (Figure 7). At low 
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magnification the characteristic helical filaments of Arthrospira platensis were clearly 

visible, dispersed uniformly across the field. Higher magnifications enabled us to assess 

filament length degree of coiling pigmentation and possible signs of fragmentation or 

contamination. Across all observations the filaments displayed the expected spiral or slightly 

curved morphology with intact cell organization and a healthy green blue pigmentation 

indicating that the cultures remained stable and physiologically robust under the applied 

cultivation conditions. This microscopy check served as an important qualitative control to 

complement the quantitative optical density measurement. 

 

 

 

Figure 6- Microscopic images of the spirulina algae in brightfield illumination using 10x 

(A), 20x (B) and 40x (C) objectives 
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Figure 7- Microscopic images of the spirulina algae in phase contrast illumination using 

10x (A), 20x (B) and 40x (C) objectives 

 

4.3 Preparation of medium  

 

To support robust, reproducible Spirulina cultivation, we designed a feed solution that 

integrates balanced macronutrients and a stabilized inorganic carbon system. The media was 

formulated in a way to sustain high biomass productivity in the culture. Nitrogen and 

phosphorus are supplied in fully soluble, readily assimilable salts, with dosing framed to 

avoid either nutrient limitation or inhibitory excess over multi day runs. Inorganic carbon is 

buffered through a bicarbonate carbonate pair to maintain photosynthesis. Magnesium, 

calcium and sulfate support core photosynthetic and metabolic functions, while an iron 

source delivered with a chelator enhances bioavailability. Collectively, this feed arc provides 

a practical foundation for high density Spirulina cultivation. 

We used a macronutrients solution based on the recipe provided by UTEX ( University of 

Texas) 2340 LB fresh water growing medium indicated in Table 1. 

Whereas the micronutrient solution was provided by greenaqua 

(https://greenaqua.hu/en/green-aqua-micro-plant-fertilizer-500ml.html ) to the tune of 1 ml 

per week per bioreactor to ensure an adequate supply of trace elements and minerals for the 

Spirulina growth. 

 

https://greenaqua.hu/en/green-aqua-micro-plant-fertilizer-500ml.html
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Component Concentration Mass per bioreactor (16 L) 

NaHCO3 27.22 g/L 435.52 g 

Na2CO3 8.06 g/L 128.96 g 

K2HPO4  1 g/L 16 g 

NaNO3 25 g/L 80 g  

K2SO4 2 g/L 32 g 

NaCl 2 g/L 32 g 

MgSO4.7H2O 0.4 g/L 3.13 g 

CaCl2.2H20 0.08 g/L  1.29 g 

Table 1 – Macronutrient content of growing media  

 

4.4 Spirulina density measurement 

We measured the absorbance at 680nm for Spirulina samples using an Ultraviolet Visible 

spectrophotometer, this device quantifies how much light is absorbed by a sample at specific 

wavelengths. We chose a wavelenght of 680nm because it’s the one typically corresponding 

to the absorbance peak of chlorophyll. To determine this wavelength we used the study of 

Yap and colleadgues published in 2018, that describes a fast and efficient method to 

determine Spirulina biomass using the Photopette photometer at 565nm , 680 nm and 750 

nm [70]. The study positions 680 nm as one of the three principal wavelengths used for 

Spirulina monitoring emphasizing that its absorbance reflects photosynthetic pigment 

abundance rather than general turbidity. In the standard curves generated, OD680 showed a 

linear correlation with dry weight (0 to 1.6 g/L) making it suitable for routine biomass 

quantification as long as values remain within the measurable range [70].  

The biomass concentration of Arthrospira platensis cultures was monitored by measuring 

optical density at 680 nm using a spectrophotometer (CamSpec M330). Before each session, 

the instrument was blanked with sterile growth medium identical to the culture medium. 

Cultures were gently homogenized by inversion to ensure even cell distribution. For each 

measurement, 3 mL of culture was transferred into a clean cuvette and density was recorded. 
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This method provides a rapid, reproducible estimate of Spirulina biomass based on 

chlorophyll-associated absorbance, and measurements were recorded with their respective 

date of sampling. 

4.5 Electromagnetic bio stimulation of the Spirulina cultures 

Throughout the experiment, A and B were operated in parallel under the same environmental 

and operational conditions identical working volume, illumination geometry, aeration rate, 

diffuser placement, heater set-point, sampling schedule, and handling to isolate the effect of 

a single planned variable. During our experiment, we wanted to test whether the growth rate 

of Spirulina can be influenced by certain low-frequency electromagnetic fields. To find out, 

we built a special system, with which we exposed one of the bioreactors to a low-frequency 

magnetic field. The structure and technical implementation of the system can be seen in 

Figure 5. The low-frequency signal was provided by a noise generator, which generated 

special 1/f noise, also known as pink noise. The signal from the signal generator was fed into 

an amplifier, to the output of which we connected a special bifilar coil that generated the 

magnetic field. The magnetic field strength change was monitored with a 3D magnetometer 

(Mishima HM-315). The signal from the magnetometer was also displayed on an 

oscilloscope. The magnetic stimulation was timed to the illumination period. The timer that 

switched on the lamps responsible for the illumination also switched on the electromagnetic 

stimulation system. 

 Bioreactor A was exposed to an electromagnetic field generated by a dedicated device 

(Figure 9) while Bioreactor B received no Electromagnetic field and served as the 

concurrent control; power leads, fixtures, and any ancillary electronics were routed so that 

the only intentional difference between vessels was the presence of the Electromagnetic field 

at A. This twin-reactor build, with strict symmetry in hardware and operation and a single, 

well-defined perturbation, was chosen to maximize internal validity for detecting any 

Electromagnetic field associated change in growth while keeping all other bioprocess inputs 

constant. 
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Figure 9 - A, Schematic and B, technical realization of the electromagnetic stimulation system. C, 

Oscillograph of the low-frequency signal 
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5. Results 
 

During the past year we have been monitoring the growth of spirulina to see if its optimal. 

After every approximately  44 days of cultivation, we take a sample to analyze then we 

restart a new culture with the mother sample. 

The graph in Figure 10 is showing the absorbance profiles at 680nm for Spirulina samples 

A and B in February and March (Experiment 1.)  displayed in Table 2, each cultivated in 

separate bioreactors but maintained under identical environmental conditions. Both samples 

exhibited a linear increase in absorbance over time reflecting the consistent growth and 

pigment accumulation. The nearly overlapping curves suggest that cultivation conditions 

were effectively standardized across two bioreactors, resulting in similar rates of chlorophyl, 

synthesis and cellular proliferation. The overall alignment of the two curves confirms that 

the bioreactors performed equivalently, supporting the reproducibility of the growth protocol 

and the robustness of the system for Spirulina cultivation. Both cultures exhibited an increase 

in absorbance with time as well. 
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Days Bioreactor A Bioreactor B 

February 25 0.051 0.051 

March 11 0.45 0.45 

March 19 0.729 0.772 

March 27 0.83 0.85 

Table 2 - time series absorbance (A680) measurements for Bioreactors A and B taken in 

Experiment 1. 

 

 

 

 

Figure 10 - Growth trajectory (A680) in the  Experiment 1 : Bioreactor A vs. Bioreactor B 
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The graph in figure 11 is  showing the absorbance profiles at 680nm for Spirulina samples 

A and B in April and May (Experiment 2.) displayed in Table 3 , each cultivated in separate 

bioreactors but maintained under identical environmental conditions. But between April 16th 

and April 30rd we can see a switch of pattern between bioreactor A and B.   
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Days  Bioreactor A  Bioreactor B  

April 3 0.94 0.95 

April 10 1.1 1.12 

April 16 1.13 1.148 

April 30 1.3 1.29 

May 14 1.48 1.45 

 

Table 3 - time series absorbance (A680) measurements for Bioreactors A and B taken in 

Experiment 2. 

 

 

 

 

 

Figure 11- Growth trajectory (A680) taken during Experiment 2. for Bioreactor A vs. 

Bioreactor B 
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The graph shown in Figure 12 is showing the time series measurements of optical density 

at 680 nm (A₆₈₀) for samples from Bioreactors A and B taken in May and June (Experiment 

3 ) displayed in Table 4. Across the entire cultivation period, both reactors display a steady, 

near-parallel increase in biomass, indicating stable culture conditions, adequate nutrient 

availability, and proper photobioreactor functioning. 

Up to June 12 (day 29 after the start up), the two reactors behave almost identically. Their 

absorbance values remain extremely which confirms that the initial conditions, inoculum 

quality, mixing, aeration and light exposure were successfully standardized. This high 

reproducibility validates the cultivation protocol and demonstrates that both bioreactors 

perform equivalently in the absence of external perturbations. 

Beginning on June 12, Bioreactor A was exposed to a magnetic field while Bioreactor B 

continued under normal conditions. After this intervention, the growth trajectories of both 

reactors remained nearly superimposed. The absorbance values collected after the magnetic 

stimulation show no meaningful divergence. The small differences observed fall within 

typical biological and measurement variability and do not suggest any systematic effect 

attributable to the electromagnetic exposure. 
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Days  Bioreactor A  Bioreactor B  

May 15 0.06 0.06 

May 23  0.245 0.248 

May 30 0.486 0.5 

June 6 0.6 0.6 

June 12  0.78 0.79 

June 19 0.93 0.92 

June 27 1.05 1.06 

 

Table 4 – time series absorbance (A680) measurements for Bioreactors A and B in Experiment 3. 

Starting from June 12, reactor A was stimulated with a magnetic field. 

 

 

 

 

 

Figure 12. Growth rate of Spirulina cultures in bioreactors A and B in Experiment 3. 

Starting from day 29 after start up  bioreactor A was stimulated with a magnetic field. 
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6. Discussion  

 

This thesis examined the multifaceted biological and technological aspects of Arthrospira 

platensis, commonly referred to as Spirulina, with a specific focus  on the optimization  of 

reproducible cultivation systems. The goal was to connect Spirulina’s biochemical 

complexity and health benefits with practical methods of laboratory scale production  that 

ensure both consistency and scalability . This dual approach aimed to bridge  a crucial gap 

between  theoretical promises and experimental feasibility.  

From an engineering perspective, the study successfully established  a stable twin bioreactor 

cultivation platform specifically designed for A.platensis under controlled laboratory 

conditions. The design emphasized precision and repeatability, enabling two identical 

bioreactors to operate in parallel for intervention control and  experimentation. Both reactors 

maintained near identical environmental parameters including illumination intensity  

temperature, aeration rate and nutrient composition. Across two independent cultivation 

runs, the system demonstrated reliable growth kinetics, minimal  variability in biomass yield  

and consistent pigment accumulation. These results validate the system’s suitability for 

future experimental manipulations  where precise control of growth variable is essential. 

A central exploratory element of this research was the application of low intensity 

electromagnetic field  exposure to one of the bioreactors (Photobioreactor A). The 

experiment had for goal to show that electromagnetic field when applied at specific 

frequencies and intensities can influence biological systems by altering ion channel activity 

modifying cell membrane and affecting enzyme kinetics and photosynthetic efficiency. 

Within this platform, the electromagnetic field exposure applied to Bioreactor A showed no 

measurable impact on growth rate relative to the control. The findings of our study did not 

reveal any significant growth enhancement or compositional difference between the 

Electromagnetic field exposed culture and the control. While this result may initially appear 

inconclusive it is in fact scientifically valuable since it establishes a well documented 

negative baseline demonstrating that under the tested conditions, Electromagnetic field  

exposure exerts negligible effects on Spirulina’s growth dynamics or biochemical profile.  

This outcome directs future research efforts toward parameters with proven influence like 

light spectrum and intensity management, CO2 and pH control or as hydrodynamics rather 
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than speculative physical interventions. It reinforces the importance of mechanistic and 

evidence driven process design in algal biotechnology. 

 From a health perspective, Spirulina is not a single mechanism intervention but a 

multicomponent multitarget matrix. The literature reviewed in this thesis consistently points 

toward Spirulina’s bioactive compounds namely phycobiliproteins, carotenoids, 

chlorophylls, essential fatty acids and trace elements as key contributors to its 

immunomodulatory and antioxidant effects [9]. Mechanistically, these compounds are 

implicated in modulating pattern recognition signalling, rebalancing cytokine profiles 

(downtuning proinflammatory mediators), enhancing antioxidant capacity that leads to an 

immunomodulator effect and supporting barrier function and microbiota linked effects that 

indirectly shape immune tone. These immunological effects underpin the broader clinical 

signals summarized here: anti inflammatory, cardio metabolic and adjunct anticancer 

potentials, while also explaining why effects vary with dose, matrix and harvest state [41] 

Lastly, this study raises conceptual questions that merit further exploration. Could 

electromagnetic fields affect A. platensis under stress conditions or during transitions 

between growth phases? Would Electromagnetic field exposure alter antioxidant enzyme 

activity or secondary metabolite synthesis at the molecular level? Could effects emerge only 

under fluctuating environmental regimes rather than steady state conditions? Addressing 

these questions will require integrating physiological, biochemical and biotechnological 

approaches. In conclusion, this thesis supports a clear, defensible claim: Spirulina’s health 

profile is multifaceted, and its most coherent, evidence based promise lies in carefully tuned 

immune modulation ,dampening excessive inflammation while supporting effective innate 

and regulatory responses. The cultivation work delivered here converts that biological 

promise into an actionable engineering problem: produce reproducible, composition-aware 

biomass and test it against defined immune endpoints. The Electromagnetic field  experiment 

contributes a useful null under our conditions, nudging effort toward parameters with larger 

effect sizes. With the proposed calibration, process control, and immunoassay suite in place, 

the system is poised to move from proof of concept to a quantitative optimization pipeline, 

directly aligned with the thesis title: The Multifaceted Health Effects of Spirulina. Creating 

a simple bioreactor for growing  Spirulina for research purposes. 
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7. Summary 

 

This thesis investigated Arthrospira platensis as both a biological model and a functional  

food resource. It integrated perspectives from biotechnology, physiology and health science. 

The project was guided by two central aims: to establish a reproducible and scalable 

laboratory cultivation system and to explore the health benefits of Spirulina.  

To achieve this, a twin photobioreactor system was engineered to allow parallel cultivation 

under tightly controlled conditions. This platform proved capable of delivering consistent  

growth patterns and pigment production across repeated runs, which is an essential step 

toward standardizing experimental conditions in algal biotechnology. Although 

electromagnetic field exposure was introduced as an exploratory variable, no measurable 

enhancement in growth or composition was observed under the tested conditions. Rather 

than being a limitation, this null result provides a valuable experimental control and helps 

redirect future research toward parameters with demonstrable biological influence, such as 

light quality and CO₂ availability.  

Beyond cultivation engineering, the work engaged critically with the biological complexity 

of Spirulina. Far from being a single compound supplement, it represents a dynamic mixture 

of bioactive molecules whose antioxidant, anti inflammatory and immunomodulatory 

actions arise from synergistic interactions. The findings emphasize that these bioactivities 

are tightly linked  to cultivation phase and environmental context, suggesting that bioprocess  

optimization is not just a technical challenge but a determinant of biological efficacy.  

While the study was limited by its reliance on optical density as a primary growth indicator 

and by a narrow exploration of Electromagnetic field parameters, it lays essential 

groundwork for a more mechanistic understanding of how cultivation dynamics shape 

Spirulina’s therapeutic potential. The integration of reproducible engineering design with 

molecular level health inquiry positions this research at the interface of applied 

biotechnology and functional nutrition.  
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