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Abstract 

Given their multiple characteristics and peculiarities in the pharmaceutical, energy and 

nutritional fields, microalgae are the subject of discussion in biodesign and bioart for the 

search of new processes and applications, to implement the use of these algae in other sectors 

and consequently raise awareness of the use of eco-sustainable solutions by limiting the use 

of synthetic materials at the expense of the environment. The simplicity in cultivation and 

reproduction, their ability to produce oxygen, antioxidants and proteins, have convinced me 

to be the excellent candidates for testing a new material. Since algae are considered by the 

scientific community as the main resource of the future, I think that finding solutions using 

them for the synthesization of new materials can open up new possibilities for design in the 

future, introducing biomaterials for future designer. 

The main objectives of this thesis are to develop and evaluate growth parameters in different 

environmental conditions of the Haematococcus Pluvialis microalgae. This work 

demostrates that Haematococcus Pluvialis may represents a valid alternative for the 

production of new transhuman biomaterials, also suggesting its use in the field of tissue 

engineering as a support material for the human body, for implementation of cognitive, 

chemical and physiological capabilities. 

 Synthesizing a biomaterial using Haematococus Pluvialis and alginate as scaffold material 

implies the expression of the characteristics of the microalgae in it. Tests carried out on 

Haematococcus Pluvialis confirm that microalgae subjected to stressful environments, they 

change pigmentation, morphology and metabolism; these peculiarities can be exploited in 

speculative ways in the field of tissue engineering as a new transhumanist membrane tissue 

being able not only to replace damaged tissues, but to implement the organism with new 

stimuli and characteristics, living in symbiosis through the exchange of nutrients such as 

oxygen, water and antioxidants. By using the techniques of biotechnological engineering I 

am able to produce an eco-sustainable, biodegradable material, capable of producing 

oxygen, purify the air from co2 and be used as an environmental sensor through the 

pigmentations of the metabolism of the internal cells.  

The use of alginate, a material already in use in the field of tissue engineering extracted from 

brown algae, is an excellent solution to incorporate the algae cells to ensure their survival in 

it, shaping a material entirely from algae, economical and highly biocompatible. 
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1 Introduction 

In this paper, the choice and identification of the alga Haematococcus Pluvialis among the 

many varieties of microalgae used today, could represent the fundamental element to 

establish a symbiotic relationship between man and nature, for an eco-sustainable society in 

direct relationship with the environment. Synthesizing a living microfiber using these 

microalgae with striking characteristics, could change our lifestyle in the near future, no 

longer relating to plastics, but communicate directly with a symbiotic relationship with living 

biomaterials. The choice to use Haematococcus Pluvialis in the filoskin project is based 

mainly on the characteristics that the algae expresses in relation to its organism (oxygen 

production, filtration) and especially in relation to the environment. The study of these 

characteristics incorporated into a microfiber is fundamental to observe what benefits they 

would bring to our environment and our body. Because of the evolving climatic conditions, 

what we need most in the near future are sensory systems that can warn/protect us from these 

adverse external factors. The alga in examined is the perfect example of physiological 

atmospheric sensitivity, it is able to produce antioxidants under conditions of environmental 

stress and consequently change their pigmentation from green to red, acting as a protective 

screen1. To be able to incorporate these algae into a micro-fibre, biomaterial, that is able to 

survive and sustain the algae internally is the beginning of a new futurist vision.  

For this reason the study of this algae for the design of Filoskin is fundamental to materialize 

a futuristic scenario in which the material can solve or contribute to solving the 

environmental crisis. Filoskin therefore proposes the synthesis of an integrated microfibre 

of microalgae with a dual approach: mitigation and adaptation. These two characteristics 

aim at environmental mitigation through the production of oxygen by a living material, 

filtering co2 and pollution, and adaptation by producing antioxidants closely associated in a 

symbiosis with our body to adapt, improve and treat our body in future adverse weather 

conditions. For the realization of the project I used the processes and translations of new 

technologies and scientific discoveries, in particular biotechnology. Thanks to these 

techniques we are able to produce materials incorporated with microorganisms inside, so as 

to express the characteristics of living organisms according to their physiological qualities. 

In particular, the techniques of tissue engineering, a discipline integrated with biology and 

                                                
1 Kian Wee Tian, “Can Astaxanthin give sun protection to human skin?”, Algae Word News, 
Algaewordnews, July 27 2018, https://news.algaeworld.org/2018/07/can-astaxanthin-give-sun-protection-to-
human-skin/ 
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capable of recreating tissues or cellular products outside the body2, have allowed me to 

incorporate microalgae into the microfibre, verifying their life cycle. In order for the cells, 

in this case microalgae, to continue their life cycle in the filament, it is necessary to 

reconstruct their suitable environment by employing biomaterials. Biomaterials being of 

natural origin are defined as biocompatible with cells, for this reason they represent a good 

environment on which microalgae can grow and reproduce. Using alginate, a biomaterial of 

algal origin widely used in tissue engineering, it represents the best solution for the growth 

and incorporation of microalgae for excellent productivity and biocompatibility. Moreover, 

based on research and tests received, the choice of alginate was optimal not only for the 

physiological characteristics of biocompatibility, gas permeability, but especially for its 

nature of polymerization in contact with calcium solutions. On this basis I used the wet 

spinning technique, a method used to produce nylon microfibers, modifying and replacing 

some parts, to polymerize the alginate of microalgae into thin microfibers. The process 

consists in processing the material in a continuous flow through a needle in a rotary flow 

calcium solution, in this way the alginate in contact with the calcium will instantly 

polymerize in filamentous form thanks to the continuous flow3. Once dried and observed 

under a microscope, the fibres are extremely thin, but it is possible to distinguish live algae 

from the alginate structure. In addition, when carrying out other tests of resistance and 

flexibility, it is interesting to note that when subjected to light and physiological stress, the 

microfibers change color from green to red, detecting the survival of algae within. This 

fascinating material test allowed me to speculate on the characteristics for future 

applications, concentrating immediately on the field of speculative design. The synthesizing 

of a living biomaterial would represent a technological and ethical step for the natural 

coexistence of man in an eco-sustainable ecosystem. Speculate on a future society by 

replacing materials harmful to the environment, starting to produce responsive living 

materials in close contact and symbiosis with the entire ecosystem, promoting, improving 

and caring for the environment and ourselves in mutual symbiosis. A hybrid 

biotechnological material has guided me towards the notions of transhumanism, theme and 

contemporary philosophy, which promise to improve the human condition through the use 

                                                
2 Bronzino J and John E, Introduction to biomedical engineering: academic press series in biomedical 
engineering( United States of America: EMB magazine, 7 march 2011) 
3 Yang Y, Sun J, Liu X, Guo X, He Y, Wei D, Zhong M, Guo L andFan H,“Wet-spinning fabrication of 
shear-patterned alginate hydrogel microfibers and the guidance of cell alignment“, US National Library of 
Medicine National Institutes of Health, NSBI, june 30 
2017,https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5633694/ 
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and implementation of technologies to physically, chemically and cognitively improve our 

abilities. Filoskin, thanks to its ability to produce oxygen and characteristics of production 

of antioxidants is a transhumanist tool, mitigating and improving the environment, while 

providing us with antioxidants, improving our body in future conditions of environmental 

stress. But how can we apply Filoskin in the near future, making the best use of its 

characteristics? The material, according to the tests implemented, is precisely suitable in 

close contact with our body, working in symbiosis through the exchange of nutrients for the 

survival and well-being of both. Filoskin needs co2 and water, elements available from our 

body, through an exchange in which algae release oxygen and antioxidants in the red phase 

of stress. There are many fields of application. For example, membranes and fabrics for 

fashion design could be the most suitable choice for an optimal symbiosis. Architectural 

surfaces for air conditioning through co2 filtration and oxygen production. In addition, by 

speculating on a large scale, through the most varied mesh processing of microfibers will be 

possible to materialize any consistency and shape for the differentiation of materials. In this 

way, producing the most disparate objects and materials with living materials will implement 

the human and symbiotic contact with these objects, restoring the surrounding environment 

on a large scale. 

 
Figure	1	Filoskin	microfiber	final,	the	red	astaxanthin	algae	inside	makes	it	visibly	red,	producing	oxygen	by	filtering	
co2.	
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In this study, therefore, we focus on the experimentation and study of this algae, mainly by 

testing its favorable living conditions and then inducing stress and different environmental 

stimuli to observe the color change. As the biomaterial to be treated will be in close contact 

with our organism, in symbiosis through gaseous exchanges of nutrients, Co2 and oxygen, 

it is essential to observe and identify the right environment for the survival of algae. This is 

why the tests carried out preclude the growth and observation of algae in bioreactors, 

reproducing different environments of our organism through ph, temperature, light and 

observing the ideal environment for their survival. The environments examined and 

reproduced are epithelial tissue, lung tissue and cardiac tissue. Thanks to these tests it will 

be possible to formulate how and where the algae will respond to the stimuli of our organism, 

thus identifying the use and characteristics of the microfiber synthesized in filoskin. 
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2 Haematococcus pluvialis and Astaxanthin 

The Haematococcus pluvialis of the Haematococcaceae family is known for its high content 
of Astaxanthin, a bright red carotenoid synthesized by some microalgae, and other bacteria. 
This carotenoid is present in many marine species including salmon, trout, sea bream, 
shrimps, lobsters and fish eggs. Astaxanthin is one of the most potent antioxidants reducing 
free radicals and oxidative stress helping the human body in a healthy state.  For this reason 
it is used in pharmaceuticals, science and cosmetics, considering it the main source of 
nutrition of the future4. The identification of an ideal algae for the synthesis of a biomaterial 
has been done by observing the best characteristics that demonstrate quality of mitigation 
and adaptation at an organic, visual and chemical level. Because of its characteristics, the 
Haematococcus Pluvialis is the best alga to express its mitigative and adaptive characteristics 
in a biomaterial. Synthesizing a material with these microalgae means growing, curing and 
caring for a living material that can provide mitigative stimuli such as oxygen production 
and air filtration, as well as visual stimuli in the production of astaxanthin antioxidant, 
constituting an instrument of adaptation of our body entering into symbiosis with the 
material, but also a coloured environmental stress sensor. 

 
Figure	2	Microscopic	observation	of	algae	subjected	to	stress	for	the	production	of	astaxanthin.	

                                                
4 Higlera A, Valenzuela F and Goycoolea F ‚‘‘Astaxanthin: a review of its chemistry and applications“, US 
National Library of Medicine National Institutes of Health, NSBI, 2006, 
https://www.ncbi.nlm.nih.gov/pubmed/16431409 
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The production of astaxanthin by the alga Haematococcus Pluvialis comes as a protective 
tool in situations of nutritional and environmental stress, modifying the cell morphologically, 
physiologically and aesthetically. In particular, this color change would represent an 
excellent sensory tool for synthesizing a dynamic biomaterial, capable of changing the color 
from green to red depending on the condition of the microalgae inside and consequently the 
surrounding environment. Furthermore astaxanthin is considered as “super anti-oxidant” 
which possesses one of the strongest known antioxidant effects. Astaxanthin is a potential 
therapeutic agent against atherosclerotic cardiovascular disease and supplementation can be 
beneficial for people with enhanced risk for heart attacks. In human blood protects 
cholesterol against oxidation and has a role in the reduction of blood plasma level and 
increases basal arterial blood flow. Astaxanthin can help to alleviate the effects of 
Alzheimer’s disease and other neurological diseases. Astaxanthin can improve respiratory 
and sympathetic nervous system activities, inhibit the growth of fibrosarcoma, breast, and 
prostate cancer cells and embryonic fibroblasts, cell death, cell proliferation and mammary 
tumors. Astaxanthin supplementation can help to protect against uv induced photo oxidation; 
can prevent skin thickening and reduce collagen reduction against uv induced skin damage5.  

For this reason the production of astaxanthin by a biomaterial could bring benefits to our 

organism in simbiontic relationship? Atmospheric agents unfavourable to the human body, 

such as microalgae, would be harmful to the body in the near future, but producing and 

absorbing antioxidants from a material would be an excellent tool for adaptation to pollution 

conditions. 

 

 

 

 

 

 

 

                                                
5 Fassett R and Combes J.S ‚‘‘Astaxanthin: A Potential Therapeutic Agent in Cardiovascular Disease“, 
MDPI, University of Queensland, 21 march 2011, https://www.mdpi.com/1660-3397/9/3/447 



 12 

3 Growing H. Pluvialis  

To conduct the culture, a sample of Haematococcus pluvialis was provided by Haraldur 

Garðarsson, quality control manager at Algalif, a company producing astaxanthin in Iceland. 

The protocol was defined at the University of Keldnaholt, under the supervision of Jon 

Hallsteinn Hallsson, where he teaches genetics and cell biology. A first culture was started 

using an orbital agitator incubator that act like bioreactor, mixing a small sample of algae, 

picked up through sterilized plastic pipettes, into a starting nutrient called medium, using as 

a container a conical flask previously sterilized in an autoclave. 

 
Figure	3		Preparation	of	the	first	algae	sample	at	the	Keldnaholt	university	laboratory.	Mix	of	algae	and	media	in	sterile	
laminar	flow.	

  

 

The transfer of algae cultures into new medium is performed in a laminar flow hood to 

prevent contamination. The medium used for each test was provided by the Utex culture 

collection of algae at the university of Texas at Austin. MES-Volvox Medium(MES) used 
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for l’H.Pluvialis consist of: Ca(NO3)2·4H2O (1 mL/L), MgSO4·7H2O (1 mL/L), 

Na2glycerophosphate.5H2O (1 mL/L), KCl (1 mL/L), MES (1.95 g/L), P-IV Metal Solution 

(6 mL/L), NH4Cl (1 mL/L), Vitamin B12 (1 mL/L), Biotin Vitamin Solution (1 mL/L), using 

a whole 15ml phial.6 

 
Figure	4	First	culture	in	oscillating	bioreactor	incubator	for	algae	reproduction	under	optimal	parameters.	Laboratory	
of	the	University	of	Keldnaholt.	

 

The aim of these first cultures is to reproduce the number of algae for future experimentation 

and at the same time to observe their life cycle under optimal conditions. For this reason, the 

incubator has been set at a temperature of 22 degrees centigrade, at an oscillation speed of 

140, and a mix of cool-white/warm-white lamps with 3200 lux intensity 12/12h. For good 

aeration of the liquid, an air pump connected to a sterile filter ensures the mixing of co2. 

Using a Stemi 508 microscope and an Axiocam ERc 5s camera connected to a laptop it is 

                                                
6 The University of Texas at Austin,‘‘ MES-Volvox Medium“, Algal culture media, UTEX culture collection 
of algae, https://utex.org/products/mes-volvox-medium?variant=30991761047642#downloads 



 14 

possible to observe algae. What I observe is the increase in the number of algae without the 

resulting field of pigmentation or morphological growth of the individual algae, 

demonstrating the good quality of the growing environment.  

 
Figure	 5	 Result	 of	 algae	 cultivation	 under	 optimal	 parameters.	 Algae	 are	 not	 damaged	 by	 maintaining	 a	 green	
pigmentation.	

Once the condition of stability and growth of the algae was established, I could start 

experimenting with the change of pigmentation. I mainly used artificial light to stress the 

algae, increasing and decreasing the light intensity. The primary purpose is to observe the 

morphological and aesthetic changes proper to the pigments and observe which 

characteristics can be exposed within a biomaterial, so allowing the algae to survive into a 

biomaterial that acts as a natural bioreactor. 

 
Figure	 6	 Second	 generation	 of	 algae	 subjected	 to	 environmental	 stress	 through	 intensive	 lighting.	 Stress	 induces	
carotenogenesis	and	astaxanthin	production	by	changing	the	pigmentation	from	green	to	red.	
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3.1 Morphology of H. Pluvialis 

The alga initially occurs in a non-mobile stadium, it develops a mobile biflagellated stage 

and finally becomes a red cyst with a thick cell wall where astaxanthin is produced in large 

quantities. The morphological life cycle can be observed in three phases: macrozooids 

(zoospores), microzooids, palmella, and hematocysts (aplanospores). 

 
Figure	7	First	stage	of	growth	of	a	single	algae	cell	in	the	mobile	biflagellate	phase	with	the	presence	of	astaxanthin	
inside	it.	

 

Macrozooids and microzooids are the first two vegetative phases of growth cells, visually of 

green pigmentation. Hematocysts differ from astaxanthin production by reducing the life 

cycle of H. pluvialis. ‘Macrozooids (zoospores) are spherical, ellipsoidal, or pear-shaped 

cells with two flagella of equal length emerging from anterior end, and a cup-shaped 

chloroplast with numerous, scattered pyrenoids. The macrozooid cells are between 8 and 20 

µm long with a distinct gelatinous extracellular matrix of variable thickness. Numerous 

contractile vacuoles are irregularly distributed near the protoplast surface of the cell . The 
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flagellated vegetative cells predominate under favourable growing conditions. Macrozoids 

will be divided by mitosis into 2-3 cells. 

The macrozooids begin to present themselves in unfavorable conditions losing the flagella. 

By modifying their internal extracellular structure and at the level of the membranes, they 

will increase in volume and become non-mobile "palmella", becoming vegetative cells.  The 

"palmella" turns into "aplanospores" intensifying the environmental stress, blocking the cell 

division. Mature-planospores, they produce large amounts of carotenoids, astaxanthin, in the 

form of lipid droplets in the cytoplasm characterizing them as a bright red. With the gradual 

accumulation of astaxanthin chloroplast reduce in volume but photosynthetic activity 

remains7. Studying these vital phases, therefore, I was able to observe the life, reproduction, 

phases and death of microalgae under the microscope by observing the different 

morphologies of the organelles. 

 

 

 

 

 

 

 

 

 

 

 

                                                
7  
Marina W ,Shuhei O ,Hazuki M,Nobuhito N, Aiko H and Shigeyuki K, ‚‘‘ Three-Dimensional Ultrastructural 
Study of Oil and Astaxanthin Accumulation during Encystment in the Green Alga Haematococcus pluvialis“, 
Meng-xiang Sun, Wuhan University China, 11 january 2013, 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0053618 
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3.2 Culture conditions 

Stress factors induce the accumulation of astaxanthin in carotenogenesis such as light, pH, 

temperature and chemical mediums. For astaxanthin production only one stress parameter is 

required as high exposure can compromise cell survival8. In these initial tests, the brightness 

on cultures for carotenogenesis was intensified gradually. Apart from the introduction of 

stress factors, it is very important to organise a culture with adequate nutients, temperatures 

and lights to keep the algae in good condition and not immediately induce the production of 

astaxanthin. 

Media: The most commonly used media are BG- 11 , BBM , KM1  basal medium with 

organic carbon sources in the form of sodium acetate. Micronutrients such as selenium and 

chromium would result in an increase in astaxanthin. For example, the use of NaCl (0.25 to 

0.5%) in the solution or together with 2.2 mM of sodium acetate, the accumulation of 

astaxanthin can be increased. 

Temperature: 20 and 28◦C is the optimal temperature for the growth of Haematococcus 

Pluvialis. Above 30◦C it induces red stage and red cysts manifest in 2 days. The 

accumulation of astaxanthin is 2-3 times higher than 20◦C, with a consequent slowing down 

of the life cycle. The gradual change of temperature is preferable for the adaptation of the 

algae9. 

Ph: The optimal pH is between 7.00 and 7.85. Excessive variations could lead to negative 

effects on chlorophyll synthesis and astaxanthin production. 

Light: In the vegetative phase alternating light and dark cycles are used, respectively 12:12 

or 16:12 or 16:8 h, but continuous lighting is better for maximum productivity. The tests 

show a better performance using white or blue led lights. Carotenogenesis is induced at a 

light intensity higher than the corresponding light saturation point. Bringing algae to 

carotenogenesis through light is excessive if other stressors are present, but a gradual 

increase in light intensity can lead to a better accumulation of astaxanthin10. 

                                                
8 Saha S, McHugh E, Hayes J, Moane S, Walsh D, Murray P,‘‘ Effect of various stress-regulatory factors on 
biomass and lipid production in microalga Haematococcus pluvialis.“, US National Library of Medicine 
National Institutes of Health, NSBI, 23 october 2013, https://www.ncbi.nlm.nih.gov/pubmed/23196231 
9 Domínguez Bocanegra A. R., Guerrero Legarreta I., Martinez Jeronimo F., Tomasini Campocosio A., 
‚‘‘Influence of environmental and nutritional factors in the production of astaxanthin from Haematococcus 
pluvialis“, US National Library of Medicine National Institutes of Health, NSBI, 2004, 
https://www.ncbi.nlm.nih.gov/pubmed/14693455 
10 Sarada R., Bhattacharya S., Ravishankar G. A., ‚‘‘Optimization of culture conditions for growth of the 
green alga Haematococcus pluvialis‘‘, 2002, https://link.springer.com/article/10.1023/A:1016349828310 
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3.3 H. Pluvialis Bioreactor 

The main purpose of a bioreactor is to reproduce environments of animal or plant organisms 

for the cultivation and reproduction of cells and/or tissues externally from their ideal 

environment. Reproducing a physiological environment for the survival of cells then 

provides the control of the environment by reproducing the nutritional parameters and 

environmental conditions such as oxygen, temperature and pH, preventing any form of 

external contamination so as not to alter the internal conditions of cultivation. A bioreactor 

for the cultivation of algae, called photobioreactor, follows specific aspects and conditions 

to be monitored such as temperature, ph of the medium, lighting and stirrer by air flow or by 

stirring11. Photobioreactors mostly used in the industrial and scientific field are tubular, 

bubble column and bag photobioreactors. The first step for industrial process is the 

cultivation of small amounts of algae in agar plate with the aim of reproducing them under 

favorable conditions in conical flasks. Once a high density is reached the algae will be 

transferred to photobioreactors with higher capacity for production from 100 ml to 1 litre, 

from 5 liters to 125 liters. 

 
Figure	8	 Industrial	production	stages	 from	sample	to	 large	algae	production.	 Initially	 in	 the	 laboratory	with	small	
samples	in	agar	plates,	conical	flasks	up	to	installations	in	tubular	bioreactors	for	large	quantities.	

 

 

                                                
11 Del Rio E., Acien F., Garcia M, Rivas J., Molina E., Guerrero M, ‚‘‘ Astaxanthin-Producing Green 
Microalga Haematococcus pluvialis: From Single Cell to High Value Commercial Products“, Frontiers, Plant 
biotechnology, 28 april 2016, https://www.frontiersin.org/articles/10.3389/fpls.2016.00531/full 
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As for the first culture I started using an orbital agitator incubator that act like bioreactor 

because temperature, light and oscillation allowed a good culture and control of the 

environment mechanically. 

 
Figure	 9	 Sample	 of	 algae	 and	media	 in	 conical	 flasks	 under	white	 light	 irradiation	 for	 algae	 growth.	 Keldnaholt	
University	lab.	

 

Then I used another methodology, a filtered aeration system in conicals flaks for the 

distribution of air in the liquid in a more concentrated way. The ventilation system consists 

of an Arduino air motor connected to silicone tubes to bring air directly into the conical 

flasks. An air filter positioned in the middle of the pipe prevents external contamination, 

while a stone splitter bubbles at the end of the pipe intensifies the production of air inside 

the conical flasks. Initially to achieve an optimal concentration of light suitable for the 

growth of microalgae, I used different conical flasks over different distances from the light 

source to observe the appropriate amount of light needed for a perfect cultivation. Looking 

at the conical flask closest to the light source I observed a change in pigmentation, which 
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means excessive lighting that has brought stress to the algae. On the other hand, at the sample 

at a further distance, 30 centimetres, it is observed that there are no stress effects, on the 

contrary, the algae maintain a green pigmentation increasing in intensity. This means a good 

distance irradiation of the sample in which the algae can reproduce and intensify their 

reproduction process. Once these conditions were established, I started growing and 

reproducing algae. 

 
Figure	10	Algae	cultivation	system:	Arduino	and	air-pump,	air	filter,	stone	splitter	bubble,	silicone	tube	and	splitter.	
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4 Tissue Engineering and Biomaterial scaffolds 

The challenge in fabricating a microfiber that can support the life of microalgae within it is 

to ensure their survival outside their ideal environment. Extrapolate H. Pluvialis from its 

bioreactor with ideal light conditions, ph and temperature, does not ensure their survival 

outside of it. For this reason, the search for technologies or materials that can support life or 

recreate optimal conditions is the decisive point of the project. 

A recent technology in the field of tissue engineering called biomaterial scaffolding recreates 

the physical and chemical conditions of the organic material inside. Tissue engineering is a 

biomedical engineering discipline that integrates biology with engineering in order to create 

tissues or cellular products ex vivo, that is outside the body or repair tissues in vivo, that is 

within the body12. This discipline requires understanding of different biological fields, such 

as cell and molecular biology, physiology and systems integration, stem cell proliferation 

and differentiation, extracellular matrix chemistry, science of polymers, bioreactors and 

biomaterials. Advanced tissue engineering technologies allow for the treatment of damaged 

tissue using human cells in a sort of porous architecture called scaffold, that imitates the 

human extracellular matrix. These scaffolds essentially act as a template for tissue formation 

and are typically seeded with cells and occasionally growth factors, or subjected to 

biophysical stimuli. The scaffold materials host the extracellular matrix through a system of 

micro pores13. They can be in different types to mimic different fabrics charatteristic. There 

are many interesting structures already in nature that might be used as biomaterial scaffolds. 

Researchers at the Worchester Polytechnic Institute, based on new experiments in the use of 

natural biomaterials, have transformed a spinach leaf into a functional heart tissue. The 

purpose of the team was to recreate a vascular tissue down to the fragile vascular networks 

of blood vessels it can’t survive without, clearing out spinach leaves' plant cells by flushing 

a detergent solution through the stem. Next, they seeded the frame with human cells, causing 

tissue growth on the frame.  

                                                
12 Bronzino J and John E, Introduction to biomedical engineering: academic press series in biomedical 
engineering, United States of America: EMB magazine, 7 march 2011 
13 Fergal J.O’Brien, ‚‘‘Biomaterials and Scaffolds for tissue engineering“,Sciencedirect, 
materialstoday,Elsevier, march 2011, 
https://www.sciencedirect.com/science/article/pii/S136970211170058X?via%3Dihub 
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Figure	11	Worchester	Polytechnic	Institute.	Trasformation	of	spinach	leaf	into	a	functional	heart	tissue.	

Finally, they were able to pump fluids microparticles throught the veins to mimic the blood 

flow within veins and capillaries 14 . Other researchers have used plants and fruits to 

reproduce organic structural parts such as scaffolds, for instance biohacker Andrew Pelling. 

At his lab at the University of Ottawa, Pelling has created an ear made from living human 

cells in a petri dish, using apple cellulore for scaffolding. About this choice of biomaterial 

scaffolding, Pelling says: Apples? Apples grow on trees. Apples are cheap. To get to the 

cellulose, you slice an apple, wash it in soap and water, then sterilize it. What’s left is a fine 

mesh of cellulose into which you can inject human cells, and they grow. Pelling discovered 

that by implanting the scaffold under the skin, the surrounding cells enter the scaffold's 

natural meshes and pores, sending signals to re-create a cellular network, transforming the 

new material into a part of the organism15.  

                                                
14 Karla Lant, “This working heart tissue is made from spinach”. World economical forum, Futurism, 6 apr 
2017, https://www.weforum.org/agenda/2017/04/researchers-have-turned-a-spinach-leaf-into-working-heart 
15 Frances E and Karen, “A promising way to grow body parts…using an apple”. Ideas.ted.com, Ted, 16 feb 
2016, https://ideas.ted.com/a-promising-way-to-grow-body-parts-using-an-apple/ 
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Figure	12	Example	of	scaffold	biomaterial	with	cell	grafting.	These	biomaterials	support	the	life	of	cells	by	reproducing	
a	favourable	and	physiologically	suitable	environment	for	their	growth	and	reproduction.	

 

These examples demonstrate an important point: Human cells can thrive on the fibrous 

structures of plants. But they still need a basic material structure that can host living cells. 

These experiments demonstrate the importance of the use of natural materials both for the 

reduced costs and for the extreme compatibility with the human organism and physiology. 

For the synthesizing of a microfiber like Filoskin it represents an important concept. 

Synthesizing a microfiber capable of surviving microalgae inside and at the same time being 

biocompatible with human physiology, the study of a suitable scaffold is essential. In fact, 

the microfibre act entirely as a scaffold, by polymerizing alginate, a biocompatible material 

widely used in tissue engineering, incorporating the microalgae inside, forming an 

extracellular matrix, fibrous, permeable gas, just as the biohacker Pelling has experienced. 

 

 

 

 

 



 24 

4.1 Scaffolds Criteria 

The idea of using plant materials and other biocompatible materials for scaffolds offers low-

cost possibilities and greater accessibility than previously used system materials. As for 

example three-dimensional bioprinting directly allows the manufacture of geometric 

structures for scaffolds and artificial living fabrics, reducing the long phases of processing 

and complicated compared to the processing of synthetic or ceramic materials. The 

multicellular blocks, called bioinks already composed of cells and biomaterial, are deposited 

layer by layer in small scale through the use of 3d printers for the formation of vascular 

tissues, cartilage and organs. Bioprinting is currently the most widely used production 

technique in science and biotechnology, but there are many solutions for the formation of 

scaffold materials16.  

 
Figure	13	Resin	3d	print	of	a	geometric	pattern	of	shelves.	The	geometry	follows	the	parameters	of	structural	strength	
and	porosity	of	the	material.	

 

 

 

 

                                                
16 Chee Kai C. and Wai Yee., Bioprinting: Principles and Applications (World Scientific Publishing: Co Inc, 
27 Nov 2014), p.73 
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Filoskin, for example, uses technologies in the textile field, for the polymerization of alginate 

in microfiber form. As for the synthesizing of the nylon microfiber, Filoskin uses a modified 

wet spinning technique, incorporating the microalgae in the alginate, instantly polymerizing 

the microfiber in a continuous flow of water and calcium17. 

  
Figure	 14	 Filoskin	 microfiber	 polymerizing	 algae	 in	 alginate	 by	 building	 a	 machine	 similar	 to	 the	 wet	 spinning	
technique.	

But for the choice of the right biomaterial scaffold to be placed side by side with the 

corresponding cells and/or physiologies, it is necessary to follow some general concepts that 

have emerged in the study of structural biology that provides strategies and guides for the 

implementation of tissue regeneration. First of all, by stating that the cells are genetically 

programmed for the formation of tissues and organs of our body, producing proteins, 

polysaccharides, self-assembling lipids in structures that support the growth of the cellular 

network. Equally important is the role of blood vessel in the growth, nutrition and disposal 

of physiological waste, these biological concepts support a starting point for the manufacture 

                                                
17 Yang Y, Sun J, Liu X, Guo X, He Y, Wei D, Zhong M, Guo L andFan H,“Wet-spinning fabrication of 
shear-patterned alginate hydrogel microfibers and the guidance of cell alignment“, US National Library of 
Medicine National Institutes of Health, NSBI, june 30 
2017,https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5633694/ 
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of biomaterials for tissue regeneration. The interaction between cells and blood vessel takes 

place through their formation, growth and development forming a network called 

extracellular matrix. A physical and chemical network that provides for the maintenance, 

proliferation and migration of the ideal microenvironment of cells and the resulting tissue18. 

For this reason, the scaffold must have clearly defined characteristics, starting with a porous 

architecture. Many biomaterials scaffolds produced have failed because of the low porosity 

of the material due to the low vascularization produced for the extracellular network. Finally, 

a balance between porosity and resistance of the material is optimal for sufficient infiltration 

of the cells inside the scaffold, for adequate diffusion of the nutrients, exchanges with the 

external environment and the formation of the extracellular network. 

 
Figure	15	Detail	of	Resin	3d	print	of	a	geometric	pattern	of	scaffold.	The	geometry	follows	the	parameters	of	structural	
strength	and	porosity	of	the	material.	

 

Another key component is the mean pore size of the scaffold. If the pores employed are too 

small, pore occlusion by the cells will happen with the consequence of lack of water, 

nutrients and growth factors. Therefore, for any scaffold, a critical range of pore sizes exists 

                                                
18 Bronzino J and John E, Introduction to biomedical engineering: academic press series in biomedical 
engineering( United States of America: EMB magazine, 7 march 2011) 
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which may vary depending on the cell type used and tissue being engineered19. Another 

strategy for material selection is biocompatibility. Biocompatibility is defined as the 

approach to cells of a biomaterial that has the same physiology and physical and chemical 

characteristics to have an environment suitable for the growth and development of cells. 

They must adhere to the material, continuing their normal physiological functions, migrate 

and proliferate in the material reproducing their ideal habitat. For this reason, the study of a 

biomaterial for the polymerization of a scaffold material capable of supporting the life of 

Haematococcus Pluvialis microalgae is essential for the success of the experiments. It is also 

essential to identify the structural characteristics regarding the architectural porosity of the 

material through interaction with the external environment for microalgae respiration and 

the consequent supply of nutrition to the microalgae20. The identification of a biocompatible 

biomaterial with microalgae that does not preclude the physiological characteristics of cells 

for the production of oxygen and pigmentation of antioxidants. Equally important is the 

biocompatibility with human tissues for an optimal symbiosis, avoiding the risk of allergies 

and erythema, permeability to gases and chemicals and adaptation to outdoor environments. 

The many scaffold materials implemented by the most innovative companies in the field of 

tissue engineering include the most widely used solutions that would be suitable for the 

physiology of microalgae. Collagen, for example, is an abundant protein in the human body 

in bones, muscles, skin and tendons that has the task that holds the body together. Mainly 

used to reproduce cartilage and tendons has cohesive properties, hydrophilic and permeable 

with scaffold in spongy form, sheets or gels21. Another material used mainly is the hydrogel. 

Of this natural polymer is a hydrophilic gel material with very high absorption capacity, 

composed of about 90% water. It has sensitive environmental characteristics, has the ability 

to sense change of ph, temperature and to release their load as a result of the change22. 

 

                                                
19 Fergal J.O’Brien, ‚‘‘Biomaterials and Scaffolds for tissue engineering“,Sciencedirect, 
materialstoday,Elsevier, march 2011, 
https://www.sciencedirect.com/science/article/pii/S136970211170058X?via%3Dihub 
20 Ciara M., Matthew G., Fergal H. and O'Brienab J. ,‘‘ The effect of mean pore size on cell attachment, 
proliferation and migration in collagen–glycosaminoglycan scaffolds for bone tissue engineering“, 
biomaterials, Sciencedirect, Elsevier, january 2010, 
https://www.sciencedirect.com/science/article/pii/S0142961209009958 
21 James McIntosh,‘‘ What is collagen, and why do people use it?“, MedicalNewsToday, Trustarc, 16 june 
2017, https://www.medicalnewstoday.com/articles/262881.php 
22 Jindřich Kopeček‚‘‘ Hydrogel Biomaterials: A Smart Future?“, PMC US National Library of Medicine 
National Institutes of Health, NSBI, 13 aug 2017, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2212614/ 
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4.2 Alginate  

The choice to use the Alginate biopolymer comes from the study of its qualities and 

characteristics favourable for the use on human tissues and for the high biocompatibility 

with microalgae. Alginate is a biopolymer extracted from seaweed that constitutes the 

architecture of algae, as cellulose is for terrestrial plants. It is a soft, biodegradable fiber, rich 

in nutrients with antibacterial properties, non-toxic and sterilizable. It is widely used in tissue 

regeneration for the formation of cartilage and epithelial tissues, in fact, given its qualities is 

used for the manufacture of medical gauze to accelerate the healing of wounds and burns. 

 
Figure	 16	 	 Seaweed	 in	 exposure	 from	which	 the	 alginate,	 a	 structural	 component	 of	 these	 algae,	 is	 obtained.	 The	
alginate	will	then	be	used	for	the	polymerization	of	the	microfibre.	

The advantages in medical use for wound care are many: it can absorb up to twenty times its 

weight, is not adhesive and forms a soft gel suitable to maintain a moist and sterile 

environment. The fibres therefore have high absorbency, sufficient strength when handled, 



 29 

flexibility and above all permeability to gases to allow sufficient oxygenation of the tissues23. 

Using alginate to form a scaffold material to incorporate Haematococcus Pluvialis is 

excellent. First of all, choosing a biomaterial that is algal origin, such as the cells to be 

incorporated, is an optimal solution to increase biocompatibility and therefore to ensure 

better survival of the microalgae. In addition, gas permeability is very important. Being a 

study for the design of a responsive biomaterial capable of producing oxygen, feeding on 

co2, it is essential that the microalgae inside this scaffold have the ability to relate to the 

external environment at a gaseous level. Another reason why it makes perfect use of alginate 

is its antibacterial, non-toxic and hypoallergenic properties. For this reason, studying its 

applications in the medical field, it is perfect to use it to perform tests in relation to the human 

body. This allows me to immediately speculate on the use of biomaterial, then microalgae, 

in symbiosis with human physiology, experimenting with my choice of approach to any 

tissue or organ. 

 
Figure	17		Narrative	translation	of	the	use	of	Filoskin.	The	formation	of	a	living	membrane	works	in	symbiosis	with	our	
organism	through	the	exchange	of	nutrients	through	the	skin.	

Once I had studied the characteristics of the material, I began to experiment with it, verifying 

consistencies and possible processes. Alginate is initially in powder form to be mixed in 

water to form a liquid-gelatinous, transparent and odourless solution. This gelatinous 

                                                
23 Klarida Hoxha,‘‘ Alginato di calcio: principali caratteristiche?“, Eserti di Vulnologia, Happyminds, 9 
genuary 2015, http://www.espertidivulnologia.it/2015/01/09/alginato-calcio/ 
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consistency is suitable and versatile in incorporating liquids or colored pigments but 

interesting was experimenting with the polymerization process from liquid-gelatinous to 

solid state. In fact, if alginate comes into contact with a solution of calcium carbonate or 

lactate carbonate, it instantly polymerises in a solid form, preserving all its characteristics.  

 
Figure	18	Polymerization	test	of	alginate	in	calcium	carbonate	solution.	Since	the	alginate	is	transparent	I	used	a	blue	
pigment	for	better	visibility	of	the	material.	

 

This allows me to model the biomaterial in every desired shape and size, opening up various 

possibilities to polymerize the alginate for a scaffold suitable for microalgae. This 

polymerization ability has characterized the study of the scaffold in Filoskin, where through 

the technique of wet spinning, a textile technique for the manufacture of nylon fibers, 

alginate has been polymerized in the form of microfiber. 
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5 Testing Environments for H. Pluvialis 

Designing a biomaterial requires special features especially with regard to the type of tissue 

on which the graft will be made. As already mentioned, each scaffold material has different 

morphological (porosity, size) and chemical characteristics depending on the tissue to be 

replaced or repaired. For this reason, identifying an environment, tissue, suitable for the 

preservation and growth of Haematococcus Pluvialis algae is decisive, since it may not 

manifest itself or not survive in a climate unfavourable to it. The identification of an ideal 

habitat, internally to the human organism, characterized by chemical, physical and 

environmental values suitable for the expression of the pigmentation and survival of the 

algae is the goal of the research. The protocol studied is characterized by the cultivation and 

observation of microalgae in bioreactors, testing them in three different environments 

reproduced: epithelial tissue, heart tissue, alveolar tissue. The primary purpose is to observe 

the morphological and aesthetic changes proper to the pigments. Deducing a scale from 

green to red in relation to the stress suffered by the algae, in relation to the rate of change 

and / or cell degradation we can observe the ideal environment.  

 
Figure	19	Observation	of	algae	under	the	electron	microscope	contained	in	petri	dishes.	Keldnaholt	lab.	

 

By ideal environment we mean a speed of change not too accelerated, that a change can be 

observed at the pigment level, but that the life cycle of the cell persists without damage. For 
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this reason, intensifying or decreasing light has allowed me to convert algae from green to 

red, and again from red to green, bringing the algae back to a stable condition24. In the 

following tests it will be possible to see which tissue/environment of our organism will be 

able to support the life of the algae. Once the best environment has been identified, it will be 

possible to give a suitable shape to the microfibers in order to relate in the best possible way 

to the physiological environment, exchange of information and symbiosis. 

 
Figure	 20	 Construction	 of	 laser	 cut	 pmma	 containers	 to	 incubate	 algae	 and	 test	 them	 in	 the	 three	 different	
environments	studied.	

  

 

For testing algae in different physiological environments, the use of pmma containers has 

been laser cut, assembled and sterilized to prevent external contamination. The main 

characteristics introduced are temperature, ph and light intensity.  

 

 

                                                
24 Thomas O., Gordon J., Dougall M., Raymond C., Michele S. and John G.,‘‘ Media Screening for 
Obtaining Haematococcus pluvialis Red Motile Macrozooids Rich in Astaxanthin and Fatty Acids“, PMC 
US National Library of Medicine National Institutes of Health, NSBI, 26 dec 2017, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5872028/ 
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A small amount of algae and medium extracted by pipettes from conical flask cultivation is 

mixed with a small amount of alginate powder. The result is a gelatinous solution containing 

the microalgae that will then be distributed in the various boxes. This process of 

incorporating the microalgae into the alginate therefore consists of placing the cells in a 

biocompatible environment, from the bioreactor to the alginate, expecting their survival in 

it, acting like scaffold.  

 
Figure	21	Mixing	of	algae	with	Utex	Mes-medium	and	a	small	part	of	powdered	alginate	in	conical	flasks	for	sample	
preparation	in	three	environments.	

 

Once the samples of alginate have been prepared with the same quantities of algae inside, 

and distributed in the various boxes, we can proceed to inoculate the inside of the boxes with 

light, ph and temperature according to the three different physiologies adopted. How will 

they respond to different environments? Can alginate limit the risks of degradation?  
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5.1 Alveolar Tissue 

Breathing consists in the exchange of oxygen and carbon dioxide between the alveolar 

tissues inside the lungs and the pulmonary capillaries. The process has the function of 

filtering, humidifying and heating the external air25. For this reason, relating a responsive 

microfibre to such a humid environment could represent a great source of Co2 to be 

consumed and translated into oxygen. What benefits would it bring? Mainly if the algae 

established a symbiosis with the internal alveolar environment, their oxygen production 

would improve blood oxygenation and also increase the well-being of the lung alveoli by 

filtering and producing astaxanthin directly into the airways. Initially, by setting the 

temperature to 35 degrees (trachea temperature), a pH of 6.9 at a light intensity of 15% 

compared to standard, the algae do not show substantial changes during the first day of 

incubation. 

 
Figure	22	First	 six	microscopic	observations	of	algae	within	 the	alveolar	environment	 reproduced	by	ph,	 light	and	
temperature	during	the	first	day	of	observation.	

                                                
25 Lars K. and Matthias O.,‘‘ The micromechanics of lung alveoli: structure and function of surfactant and 
tissue components“, PMC US National Library of Medicine National Institutes of Health, NSBI, 2 nov 2018, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6267411/ 
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Not having increased in number, probably due to the lack of light with the highest 

temperature, during the second day we can observe a drastic change in morphology and 

pigmentation. It is possible to observe how the production of astaxanthin involves the 

swelling of the cell assuming twice its normal size, reducing the chloroplasts and modifying 

pigmentation. 

 
Figure	 23	 Second	 day	 of	 observation	 in	 alveolar	 environment.	 Algae	 have	 changed	 morphology	 for	 astaxanthin	
production	due	to	lack	of	light	and	adequate	nutrients.	

  

 

These observations made by electron microscope were decisive for the close study of the 

cells since it is possible to see how the production of astaxanthin takes space to other internal 

organelles such as nuclei and plastids.  Also, by restoring the parameters to the optimal levels 

of light and nutrient for Haematococcus Pluvialis, we observe that the algae no longer return 

from the red pigment phase of stress to the green phase. This means that microalgae have 

completely stopped their life cycle, not expelling astaxanthin to restart a new cycle returning 

to the primary phase of growth and green reproduction. 
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Already from these first tests on alveolar tissue we can understand how much microalgae 

are sensitive to light, so the material would not seem to be suitable for an application within 

our body. 

 
Figure	24	Diagram	of	the	pigment	change	during	the	three	days	of	observation	in	an	alveolar	environment.	
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Figure	25	Schematization	of	the	change	of	the	morphological	scale	during	the	three	days	of	observation	in	alveolar	
environment	in	relation	to	pigmentation.	

 
Figure	26	Schematization	of	the	numerical	density	of	cells	during	the	three	days	of	observation	in	alveolar	
environment.	
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5.2 Heart Tissue 

The internal body temperature and consequently the heart commonly considered is 37°c. 

Possible variations can occur of about 0.4°c. In the febrile process the tachycardia is about 

8-10 pulsations for each degree above 37°c. The production of a protective bioresponsive 

film around the heart muscle tissue may support the pulse in case of tachycardia and fever 

symptoms through the flow of oxygen and antioxidants26. Moreover, thanks to the new 

technologies of tissue engireering, the reproduction of muscle tissues inoculated in scaffold 

material derived from these algae could bring great advantages. Astaxanthin in particular 

could provide a solid basis against oxidation of heart and nerve cells, initially produced in 

the heart system and then distribute the antioxidants in every part of the body through the 

heart flow. By increasing the temperature inside the sample box by using a thermal resistance 

filament connected to an arduino card and setting an internal pH of 7.40, the algae already 

show signs of stress on the first day of observation with the increase of red cells. 

 
Figure	 27	 First	 six	 microscopic	 observations	 of	 algae	 within	 the	 heart	 environment	 reproduced	 by	 ph,	 light	 and	
temperature	during	the	first	day	of	observation.	

                                                
26 Neeraj P., Karthikeyan and Balram .,‘‘ Creating healthy heart environment“, “, PMC US National Library 
of Medicine National Institutes of Health, NSBI, sept 2015, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4669856/ 
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Results that I expected because being the heart tissue inside our body, in the ribcage, the 

irradiation of light is almost zero. For this reason not only the light intensity of the lamp has 

been reduced, but also the boxes of these tests have been obscured to maintain and mimic as 

much as possible the cardiac characteristics. In a short time on the second day all the cells 

have astaxanthin inside. 

 
Figure	28	Drastic	change	in	the	morphology	and	pigmentation	of	algae	in	the	cardiac	environment	due	to	lack	of	light	
and	nutrients	suitable	for	their	growth	and	survival.	Every	cell	is	already	under	stress.	

  

 

Extrapolating a small amount by inoculation loop to observe the cells under the microscope 

we observe how all the microalgae have increased their volume of astaxanthin, almost by 

not being able to observe other internal organelles, changing their morphology irreversibly 

with the inadequate environment without light and nutrients. 
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Figure	29	Diagram	of	the	pigment	change	during	the	three	days	of	observation	in	cardiac	environment.	
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Figure	30	Schematization	of	the	change	of	the	morphological	scale	during	the	three	days	of	observation	in	cardiac	
environment	in	relation	to	pigmentation	

 
Figure	31	Schematization	of	the	numerical	density	of	cells	during	the	three	days	of	observation	in	cardiac	
environment.	
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5.3 Epitelial Tissue 

Epithelial tissue may be the best environment for algae survival. The skin, like alginate, acts 

as an intermediate protective tissue that divides two different physiologies and 

environments. Both show similar permeability characteristics, absorbing and expelling what 

they need. Skin and algae alginate membrane have the same characteristics as the exchange 

and absorption of gas and liquid, producing one oxygen and the other cO2, nutrients that 

benefit each other. For this reason, relating the two organic materials could establish a 

mutual symbiosis through the exchange of chemicals27 . Astaxanthin from the algae is 

absorbed through the skin, Filoskin microfibers capable of condencing water and Co2 from 

skin evaporation would assume mutual cooperation. Thanks to these characteristics, to relate 

the material to the epithelial tissue would be functional for the synthesization of membranes 

and tissues able to survive in mutual symbiosis mitigating the environment and our body.  

 
Figure	32	Polymerization	of	the	alginate	in	the	membrane	by	incorporating	the	algae	inside.	They	continue	their	life	
cycle	by	forming	a	skin-like,	living	membrane	and	permeable	gas.	

                                                
27 Razieh H., Soheili Z., Shahram S. and Hamid A.,‘‘ Alginate as a Cell Culture Substrate for Growth and 
Differentiation of Human Retinal Pigment Epithelial Cells“, Researchgate, Biochem Biotechnol, noc 2014, 
https://www.researchgate.net/publication/269520327_Alginate_as_a_Cell_Culture_Substrate_for_Growth_a
nd_Differentiation_of_Human_Retinal_Pigment_Epithelial_Cells 
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The temperature set for the test is 6 degrees Celsius, representing the weather conditions of 

the city of Reykjavikeven the light intensity did not require the use of lamps but only the 

irradiation of natural light. Certainly the temperature taken into consideration is related to 

current weather conditions, not optimal for algae growth, but I set a low temperature to 

observe the limits of algae growth in adverse conditions. Also observing the sample at 

reduced temperatures allows me to experiment and understand if the alginate scaffold can 

work as a protective shield for the protection of microalgae inside. This does not preclude 

the experimentation of these epithelial tests by applying higher temperatures, considering 

the application of the material in other climate zones more advantageous considering not 

only the temperature, but also the light radiation, very different from Icelandic conditions. 

During the three days of observation, the algae do not change morphology and pigmentation, 

on the contrary it is possible to see a reproduction of the anglomerates increasing in number.  

 
Figure	 33	 First	 six	 microscopic	 observations	 of	 algae	 within	 the	 skin	 environment	 reproduced	 by	 ph,	 light	 and	
temperature	during	the	first	day	of	observation.	The	algae	do	not	change	pigmentation	due	to	not	ambiental	stress.	
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Despite the low temperature, the necessary nutrients are able to support the microalgae being 

in close contact with the external environment, even if it is possible to observe the presence 

of red cells, a minimum sign of stress. Looking at the results under the microscope we can 

see how the presence of nutrients including light, water and Co2 are essential for the survival 

of algae influencing radically their morphology unlike other environments without adequate 

lighting and nutrition. Observe the increase in the number of cells and remain in a green 

pigmentation not limiting the action of the internal organelles then shows a good cultural 

environment by continuing their life cycle within the alginate. 

 

 

 
Figure	34	Diagram	of	the	pigment	change	during	the	three	days	of	observation	in	skin	environment	
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Figure	35	Schematization	of	the	change	of	the	morphological	scale	during	the	three	days	of	observation	in	skin	
environment	in	relation	to	pigmentation	

 
Figure	36	Schematization	of	the	numerical	density	of	cells	during	the	three	days	of	observation	in	skin	environment.	
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6 Conclusion 

In order to represent and diversify the final results I observed, such as morphology, 

pigmentation and numerical growth in the samples, I schematically designed the values using 

diagrams so that they could be compared as easily as possible. The first graph is the change 

of pigmentation on the y vector, from green to red, along a constantly increasing x time axis 

during the three days of observation. The second type of graph represents the morphological 

growth of the single algae cell, where the production and change of pigmentation in red 

implements the structure and volume of the algae measured in microns on the y-axis. The 

third and last graph represents the numerical growth, the reproduction of algae within a 

square micron, within the time frame under examination. From these graphs we can clearly 

observe the great morphological and metabolic difference of the algae submitted to the 

epithelial environment from the cardiac one. Different light intensities and temperatures lead 

to a sudden decay if not appropriate to the physiology of the cells. For this reason, the 

epithelial environment would be ideal thanks to the presence of light and gaseous nutrients 

in the environment where it is in close contact. The use of alginate therefore proves to be 

biocompatible with the physiology of algae working not only as a protective "box", but being 

permeable to gases is an excellent material for the exchange of oxygen and cO2 with the 

external environment and algae. By using alginate for these experiments we can demonstrate 

not only the possible survival of algae in different physiological environments, but 

consequently the demonstration that alginate is an excellent material to be used and shaped 

as a scaffold material for algae. For this reason, the survival of algae within the alginate in a 

particular environment will demonstrate the functionality of the biomaterial to be used and 

processed while expressing the characteristics of the algae in order to observe every 

peculiarity of the algae life phases, from the stable green phase to the induction of stress 

factors for the red phase. Then producing a membrane that acts as a second skin could work 

in mutual symbiosis with our body where the skin is the point of contact for the exchange of 

chemical and physiological information. 
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8 Images 

Figure 1 Filoskin microfiber final, the red astaxanthin algae inside makes it visibly red, 

producing oxygen by filtering co2. 

Figure 2 Microscopic observation of algae subjected to stress for the production of 

astaxanthin. 

Figure 3  Preparation of the first algae sample at the Keldnaholt university laboratory. Mix 

of algae and media in sterile laminar flow. 

Figure 4 First culture in oscillating bioreactor incubator for algae reproduction under optimal 

parameters. Laboratory of the University of Keldnaholt. 

Figure 5 Result of algae cultivation under optimal parameters. Algae are not damaged by 

maintaining a green pigmentation. 

Figure 6 Second generation of algae subjected to environmental stress through intensive 

lighting. Stress induces carotenogenesis and astaxanthin production by changing the 

pigmentation from green to red. 

Figure 7 First stage of growth of a single algae cell in the mobile biflagellate phase with the 

presence of astaxanthin inside it. 

Figure 8 Industrial production stages from sample to large algae production. Initially in the 

laboratory with small samples in agar plates, conical flasks up to installations in tubular 

bioreactors for large quantities. 

Figure 9 Sample of algae and media in conical flasks under white light irradiation for algae 

growth. Keldnaholt University lab. 

Figure 10 Algae cultivation system: Arduino and air-pump, air filter, stone splitter bubble, 

silicone tube and splitter. 

Figure 11 Worchester Polytechnic Institute. Trasformation of spinach leaf into a functional 

heart tissue. 

Figure 12 Example of scaffold biomaterial with cell grafting. These biomaterials support the 

life of cells by reproducing a favourable and physiologically suitable environment for their 

growth and reproduction. 

Figure 13 Resin 3d print of a geometric pattern of shelves. The geometry follows the 

parameters of structural strength and porosity of the material. 
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Figure 14 Filoskin microfiber polymerizing algae in alginate by building a machine similar 

to the wet spinning technique. 

Figure 15 Detail of Resin 3d print of a geometric pattern of scaffold. The geometry follows 

the parameters of structural strength and porosity of the material. 

Figure 16  Seaweed in exposure from which the alginate, a structural component of these 

algae, is obtained. The alginate will then be used for the polymerization of the microfibre. 

Figure 17  Narrative translation of the use of Filoskin. The formation of a living membrane 

works in symbiosis with our organism through the exchange of nutrients through the skin. 

Figure 18 Polymerization test of alginate in calcium carbonate solution. Since the alginate is 

transparent I used a blue pigment for better visibility of the material. 

Figure 19 Observation of algae under the electron microscope contained in petri dishes. 

Keldnaholt lab. 

Figure 20 Construction of laser cut pmma containers to incubate algae and test them in the 

three different environments studied. 

Figure 21 Mixing of algae with Utex Mes-medium and a small part of powdered alginate in 

conical flasks for sample preparation in three environments. 

Figure 22 First six microscopic observations of algae within the alveolar environment 

reproduced by ph, light and temperature during the first day of observation. 

Figure 23 Second day of observation in alveolar environment. Algae have changed 

morphology for astaxanthin production due to lack of light and adequate nutrients. 

Figure 24 Diagram of the pigment change during the three days of observation in an alveolar 

environment. 

Figure 25 Schematization of the change of the morphological scale during the three days of 

observation in alveolar environment in relation to pigmentation. 

Figure 26 Schematization of the numerical density of cells during the three days of 

observation in alveolar environment. 

Figure 27 First six microscopic observations of algae within the heart environment 

reproduced by ph, light and temperature during the first day of observation. 
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Figure 28 Drastic change in the morphology and pigmentation of algae in the cardiac 

environment due to lack of light and nutrients suitable for their growth and survival. Every 

cell is already under stress. 

Figure 29 Diagram of the pigment change during the three days of observation in cardiac 

environment. 

Figure 30 Schematization of the change of the morphological scale during the three days of 

observation in cardiac environment in relation to pigmentation 

Figure 31 Schematization of the numerical density of cells during the three days of 

observation in cardiac environment. 

Figure 32 Polymerization of the alginate in the membrane by incorporating the algae inside. 

They continue their life cycle by forming a skin-like, living membrane and permeable gas. 

Figure 33 First six microscopic observations of algae within the skin environment 

reproduced by ph, light and temperature during the first day of observation. The algae do not 

change pigmentation due to not ambiental stress. 

Figure 34 Diagram of the pigment change during the three days of observation in skin 

environment 

Figure 35 Schematization of the change of the morphological scale during the three days of 

observation in skin environment in relation to pigmentation 

Figure 36 Schematization of the numerical density of cells during the three days of 

observation in skin environment. 


