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ABSTRACT 

 

 

 

 

 

 

 

 

 

 

 

 

 

RATIONALE 

According to NASA Transition Authorization Act of 2017, it is planned to send the first 

human to Mars by 2033. Electrolysis is the technology that is being utilized in the outer space for 

oxygen production. However, electrolysis produces hazardous byproducts of Hydrogen and 

Methane. The crew of the ISS have had many issues with their machines for generating oxygen. 

The Russian Elektra, and the US OGS for splitting water to make oxygen, and the Sabatier 

system for recycling CO2 have all had issues, needing to be fixed, and sometimes not functioning 

for long periods of time. 

 

 

According to NASA Transition Authorization Act of 2017, it is planned by 

2033 to send the first human to Mars. However, the current oxygen machines have 

been found to be inefficient and dangerous as they release byproducts of Hydrogen 

and Methane. For these reasons, this project aimed to improve the stress tolerance 

and light absorbance capacity of Chlorella vulgaris under an engineered Martian 

environment. The following methods were utilized for this project. First, 

Microalgae had to be modified with Niacin and Zeaxanthin to have a better 

performance at completing the process of photosynthesis. 3, 5, and 6 grams of each 

were added to the prepared algal cultures in which 5g Niacin and 3g Zeaxanthin 

were the ones who outperformed the control. Lastly these two were combined to 

produce the best oxygen production possible. The solution was tested inside a 

vacuum chamber, which simulated the Martian environment and these were 

recorded. The results showed that it is possible to modify the photosynthesis rate of 

Microalgae, this helped it outperform the unchanged algae which had a 26.14% 

increase in comparison to the unchanged algae. At last, it was proven that by 

exogenously treating Microalgae Chlorella vulgaris with Niacin and Zeaxanthin it 

can survive under the conditions of a Martian environment while producing oxygen 

for life.  

Keywords: Niacin, Zeaxanthin, Chlorella vulgaris 
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BACKGROUND RESEARCH 

Martian Atmosphere 

According to Hansen et. al (1977), Mars has a very different atmospheric conditions as 

compared to Earth. The two planets differ in terms of atmospheric abundance and altitude 

profiles. Carbon dioxide  (CO2) predominates the Martian atmosphere. To be specific, the 

following are the basic parameters within Mars:  

 

Surface Pressure: ~6.1 mb (variable)  

Surface Density: ~0.020 kg/m3 

 Scale height: ~11.1 km  

Average temperature: ~210 K  

Diurnal temperature range: 184 K to 242 K  

Mean molecular weight: 43.34 g/mole  

Atmospheric composition (by volume):  

Major:  

carbon dioxide (CO2): 95.32%  

nitrogen (N2) 2.7%  

Argon (Ar): 1.6%  

Oxygen (O2):  0.13%  

Carbon Monoxide (CO): 0.08% 

  

Chlorella vulgaris 

Chlorella vulgaris is unicellular green microalgae that has been widely used for centuries 

as a food source with complete nutrients, such as carbohydrates, proteins, vitamins, flavanoids 

and minerals. It is marketed commercially as health supplements or incorporated in food such as 

cereals (Haperin S.A et. al, 2003). Additionally, according to Helisch, H. (2019), Chlorella sp. 

presents cultivation flexibility and resistance to different stress simulations and thus is suitable to 

be used as model organism for space application. Regarding utilization in Earth orbit or deep 

space, microalgae require cosmic radiation resistance. The survival of the genus Chlorella to 
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extreme conditions has been already documented. In several radiation experiments, Chlorella sp. 

maintained its photosynthetic capacity after continuous exposure to ionizing irradiation. 

 

Niacin and Zeaxanthin 

 According to Lawrance, P. (2015) Niacin, a water-soluble vitamin, is an essential nutrient 

which is also known as vitamin B3 or vitamin PP. It exists as nicotinic acid and nicotinamide 

which have equal biological activity and can also be synthesised from tryptophan (1mg niacin is 

equivalent to 60mg tryptophan). Nicotinamide is sometimes referred to as niacinamide. The 

terms niacin, nicotinamide and vitamin B3 are often used interchangeably to refer to any member 

of this family of compounds. Furthermore, Niacin is a precursor to the two forms of 

nicotinamide adenine dinucleotide (NAD+ and NADH) and nicotinamide adenine dinucleotide 

phosphate (NADP+and NADPH), which play essential metabolic roles in living cells. It is 

important for converting food to energy. 

 On the research conducted by Zhu X et. al (2018), exogenous treatment of niacin on kiwi 

plants increased the levels of NADP+ and NADPH thus increasing its abiotic stress tolerance. 

NADPH metabolite levels not only influence growth, but also play a central role in the 

antioxidant defense of plants (Fan et al., 2014; Hauben et al., 2009; Wallstrom et al., 2014). 

However, there has been no research about the application of niacin on microalgae. 

On the other hand, zeaxanthin is described as a yellow-colored lipid-soluble 

xanthophyll, which is also an oxidized hydroxy derivative of beta –carotene. It’s an accessory 

pigments which absorbs the wavelength that chlorophyll cannot absorb. 
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Based on the stated background research and literature, this project investigated ways to 

improve the stress tolerance and light absorbance of Chlorella vulgaris using Niacin and 

Zeaxanthin under an engineered Martian environment.  

 

STATEMENT OF THE PROBLEM 

General Problem 

 This project investigated ways to improve the stress tolerance of Chlorella vulgaris using 

Niacin under an engineered Martian environment. 

 

Specific Problem 

 To be specific, this project sought answers to the following questions: 

1. Is it possible to increase the stress tolerance and light absorbance capacity of a 

microalgae in order to survive in a Martian environment? 

2. What is the rate of oxygen production of the modified Chlorella vulgaris under an 

engineered Martian environment before and after receiving Niacin treatment? 

 

ENGINEERING GOALS 

Goal 1: To biologically modify Chlorella vulgaris by increasing its stress tolerance and light 

absorption capacity. 

Goal 2: To engineer an environment that will simulate all the parameters that will be a challenge 

for the survival of Chlorella vulgaris in Mars. 
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HYPOTHESIS 

 If Chlorella vulgaris received niacin and zeaxanthin treatment, then it will have an 

increased stress tolerance and photosynthesis rate to survive an engineered Martian environment 

because niacin and zeaxanthin increase the stress tolerance and light absorbance of algae. 

 

VARIABLES 

 

 

 

 

 

 

 

 

 

METHODS 

 This is part of the research involves the materials and the procedures that were utilized 

during the experimentation. 

Preparation of Chlorella vulgaris culture. To prepare the algal culture, 80 mL of Chlorella 

vulgaris starter culture was added to a 200 mL water and sugar solution. The solution was then 

placed in a window sill to receive sunlight for a week. 

 

INDEPENDENT 

VARIABLE 

Niacin and 

Zeaxanthin 

DEPENDENT 

VARIABLE 

- Oxygen 

production under 

an engineered 

Martian 

environment 

CONSTANT VARIABLE 

Pressure, temperature, humidity, CO2 level, type algae  



9 
 

Preparation of Chlorella vulgaris treatments with niacin. Three experimental treatment of 

chlorella vulgaris culture were prepared. Furthermore, the following were the amount of niacin 

each treatment received: 0g, 3g, 5g, and 6g. All treatments were observed for 2 weeks. 

 

Preparation of Chlorella vulgaris treatments with zeaxanthin. Three experimental treatment 

of chlorella vulgaris cultures with zeaxanthin were prepared. Furthermore, the following were 

the amount of zeaxanthin that each treatment received: 0g, 3g, 5g, and 6g. All treatments were 

observed for 2 weeks. 

 

Engineering a Martian environment. To simulate the Martian environment, a vacuum chamber 

was used. To  be more specific, the following parameter were designed: 

▪ Simulating Martian Pressure- To achieve this, a vacuum pump was utilized to adjust 

the pressure of the vacuum chamber to 0.095 psi. This simulated the lower atmospheric 

pressure of Mars. 

▪ Simulating Martian Atmosphere: 30 g of dry ice was placed inside a glass bottle and 

mixed with 10mL of water to vaporize the CO2. The vapor was then supplied to the 

vacuum chamber by pouring the Co2 gas to the chamber. CO2 level was monitored using 

a Neulog CO2 sensor. All sensors were powered by a Neulog battery to perform remote 

measurements. 

▪ Simulating Martian Humidity: The humidity inside the vacuum chamber was initially 

measured using a digital sensor. After supplying CO2, the humidity level inside the 

chamber went to 84%. 
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▪ Light Intensity and Temperature: Mars received less light as compared to Earth. To 

simulate this a UV light was utilized. The light was not directly aimed to the vacuum 

chamber. For the temperature, blocks of dry ice were used and placed in a cut bucket to 

fit the vacuum chamber to maintain a temperature of -63oC. 

 

Measuring the photosynthesis rate of Chlorella vulgaris. The prepared experimental 

treatments of Chlorella vulgaris will be tested. To measure the photosynthesis rate a Neulog 

oxygen sensor will be used. 

 

Combining the best Chlorella vulgaris cultures. After collecting the data, the researcher will 

combine the best two results from Niacin and zeaxanthin. The novel strain of Chlorella vulgaris 

will then be tested under an engineered Martian environment.  

ENGINEERING DESIGN 

 

 

 

 

 

 

 

 

The photo above shows the researcher’s engineering design. Temperature was maintained 

to -60oC using blocks dry ice outside the chamber while UV light was not aimed directly to the 

UV Light Source 

Vacuum Pump 

Pressure Gauge  

 

Chlorella vulgaris samples 

 

Vacuum Chamber 

Container with blocks of dry ice 
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chamber. Pressure of 0.095 psi was maintained using a vacuum chamber and pump. CO2 level 

was maintained to 50000 ppm and was monitored using Neulog CO2 sensor. The novel strain of 

Chlorella vulgaris was placed in 4 test tubes inside the chamber with a humidity of 84%. Oxygen 

levels were measured using a Neulog oxygen sensor. 

RESULTS 

This part of the research presents the data gathered, and analysis done by the researcher. 

Goal 1: To biologically modify Chlorella vulgaris by increasing its stress tolerance and light 

absorption capacity. 

Selecting the best treatment for ZEAXANTHIN (9001 Data Points) 

Oxygen Production (% in air) 

 

 

 

   

 

 

 

Based on the results, experimental treatment that receives 3g of Zeaxanthin showed the highest 

increase in oxygen production (12.67%) as compared to other treatments. 

12.67% increase 

7.11% increase 0.59% increase 
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Selecting the best treatment for NIACIN (9001 Data Points) 

Oxygen Production (%in air) 

 

 

 

 

  

 

 

 

 

 

Based on the results, experimental treatment that receives 5g of Niacin showed the highest 

increase in oxygen production (3.75%) as compared to other treatments. 

 

 

 

3.26% increase 

3.75% increase 
1.29% increase 
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TESTING FOR SIGNIFICANCE: A One-way ANOVA test is used to determine whether 

there are any statistically significant differences between the means of two or more independent 

groups. 

 

Since the F-values are higher than the F critical values, these results are statistically 

significant and did not happen by random chance. 

 

Creation of a Novel Strain of Chlorella vulgaris 

Combining the 2 Best Results: A new culture of Chlorella vulgaris receiving the best 

formulation from the previous experiments (3g Zeaxanthin + 5 g of Niacin) was prepared. The 

culture was supplemented with zeaxanthin and niacin for 2 weeks and was observed under an 

engineered Martian environment. 

ANOVA (ZEAXANTHIN) 

Source of Variation SS df MS F P-value F crit 

Between Groups 34981.57 3 11660.52 489302.9 0 2.605156 

Within Groups 857.9122 36000 0.023831    

Total 35839.48 36003        

ANOVA (NIACIN) 

Source of Variation SS df MS F P-value F crit 

Between Groups 2966.94 3 988.98 5289.208 0 2.605156 

Within Groups 6731.306 36000 0.186981    

Total 9698.246 36003        
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Goal 2: To engineer an environment that will simulate all the parameters that will be a challenge 

for the survival of Chlorella vulgaris in Mars. 

NOVEL CHLORELLA VULGARIS PHASE 1: Testing the oxygen production of the Novel 

Chlorella vulgaris under the engineered Martian environment for 30 minutes. 

Control vs Novel Chlorella (Oxygen Production) 30 minutes (9001 Data Points) 

 

 

 

 

 

Based on the experiment done with the Novel Strain of Chlorella vulgaris, the algae was able to 

produce an average oxygen production of 16.41%. The Novel strain also showed a significant 

percent increase of 5.33% as compared to the control. This percent increase is significant as 

supported by the ANOVA test results. 

ANOVA 

Source of 

Variation SS df MS F P-value F crit 

Between Groups 

3108.17

6 1 

3108.17

6 7587.62 0 

3.84197

5 

Within Groups 

7373.48

2 18000 

0.40963

8    

Total 

10481.6

6 18001        

5.33% increase 
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NOVEL CHLORELLA VULAGARIS PHASE 2: The researcher decided to collect data for 

longer duration. This time, instead of 30 minutes, the Novel Chlorella vulgaris were observed for 

2 hours. 

Control vs Novel Chlorella (Oxygen Production) 2 Hours (14401 Data Points) 

 

 

 

 

 

ANOVA 

Source of 

Variation SS df MS F P-value F crit 

Between Groups 85125.5 1 85125.5 26352.4 0 3.84178 

Within Groups 93031.98 28800 3.23028    
Total 178157.5 28801         

The last set of test showed a significant increase of 26.14%. This means that the Novel 

Chlorella vulgaris can consistently produce oxygen despite of the harsh environment. The 

control on the other hand started to decrease oxygen production after 1 hour.  

DISCUSSION 

RESEARCH QUESTION: Is it possible to increase the stress tolerance and light absorbance 

capacity of a microalgae to survive in a Martian environment? 

• Based on the results of the experiment, 3g of zeaxanthin and 5g of niacin showed 

significant increase in the photosynthesis rate of Chlorella vulgaris. 

% 

I 

N 

 

A 

I 

R 

26.14% increase 
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• When exogenously supplemented by the best formulation of zeaxanthin and niacin, the 

microalgae Chlorella vulgaris produced consistent/stable amount of oxygen under an 

engineered Martian environment as compared to the control. 

• Exogenously supplemented Chlorella vulgaris showed higher stress tolerance than the 

control. 

• The novel Chlorella vulgaris was able to sustain oxygen production in a longer duration 

of time as compared to the control. 

 

CONCLUSION 

After all the testing and experimentation, the researcher’s hypothesis which states: 

If Chlorella vulgaris is exogenously treated with niacin and zeaxanthin, then it will have higher 

abiotic stress tolerance and light absorption capacity which may help on its survival in a Martian 

environment” is correct! The researcher was able to enhance the photosynthesis rate and stress 

tolerance of Chlorella vulgaris. 

SIGNIFICANCE OF THE RESULTS 

• This research presents an innovative solution to oxygen production problem for future 

space exploration. 

• The results the of the experiment don’t only apply to space or Mars exploration but can 

also be applied to our planet to solve global warming. 

• This research also proves that studying outer space environment can be done using 

innovative and readily available materials. 
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FUTURE PLANS AND POINTS OF IMPROVEMENT 

The researcher has the following plans on continuing the research: 

• Find ways to slow down the freezing of the algal samples. 

• Study the reproduction rate of Chlorella vulgaris under the engineered environment. 

To improve the results of the research the researcher has the following suggestions: 

• Use a sensor that can control the amount of light that the samples are receiving during the 

test. 
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