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ABSTRACT 

      Ocean acidification is the evil twin of global warming! When carbon dioxide is 

absorbed by the ocean, it shifts the pH of the water to neutral which can cause enormous damage 

to coral reefs and other marine life. To address this issue, this project aimed on mitigating ocean 

acidification by increasing photosynthesis rate of macroalgae Ulva lactuca using phycobilin, 

carotene, and coumarin. The methods of this research include the following: First, 6 experimental 

treatments of Ulva lactuca received varying amounts of carotene, phycobilin and coumarin. 

Secondly, the treatments (carotene and phycobilin) with the highest percent increase were 

identified. Lastly, a new treatment was created using the identified best formulation (0.3g carotene, 

1g phycobilin. 0.1 coumarin) and was submerged for 2 weeks. Oxygen productions of the Novel 

strain of Ulva lactuca were measured using Neulog oxygen sensor while pH was measured using 

a pH meter. Measurements were collected in 5-week period of time. Results showed that the novel 

strain of Ulva lactuca was able to increase the photosynthesis rate/oxygen production by 28.30% 

(30 mins.) and 14.04% (1 hr.) compared to the control. Also, the increase of the pH of the water 

was successful with a result of 1.04 increase. The results of this experimentations showed 

promising solutions to mitigate ocean acidification using ecological agents. 

 

RATIONALE  

Ocean acidification is the reduction in the pH of the ocean over an extended period. Caused 

primarily by uptake of carbon dioxide (CO2) from the atmosphere. (NOAA, 2021). Increased level 

of H+ ions result to the formation of bicarbonate instead of carbonate. This results to the 

devastation of corals and shelled mollusks that needed carbonate to synthesize their exoskeletons. 

The Bjerrum plot shows that increase in CO2
 leads the ocean to shift to pH neutral condition. If 

this continues, by the year 2100, the pH of the ocean will become 7.80 (Plumbago, 2009). Current 

solutions include:  

Cutting carbon emission. Not all countries follow the directive. Renewable source of energy 

requires substantial funding. 

 Coral reef restoration. Extremely expensive. Artificial way currently practiced will not save 

coral reefs (Evans, 2020) 



 

BACKGROUND RESEARCH 

Ulva Lactuca, also known as sea lettuce is distributed worldwide and a on research by 

Ginneken (2019), Ulva lactuca has a great H+ ion-absorbing capacity. Phycobilin is a water- 

soluble accessory pigment, a supplement to the light-capturing ability of Chlorophyl by soaking 

in energy where Chl. is not the most efficient absorber. Phycobilin suck in green to red wavelengths 

of light, varying on the organism (Cogdell 2012). Carotenoids are plant pigments supervising for 

bright red, yellow and orange hues. As a major function, it helps plants absorb light energy for 

photosynthesis (Szalay, 2015). Coumarins are a family of plant-derived secondary metabolites that 

are fabricated via the phenylpropanoid pathway. (National Library of Medicine, 2019). Coumarin 

is a carbonic anhydrase inhibitor which are responsible of absorbing atmospheric CO2 to the 

ocean and on decreasing its activity will prevent the rapid interconversion between water and CO2 

and the disassociated ions of carbonic acid (H+ and bicarbonate). 

 

STATEMENT OF THE PROBLEM 

This project investigated a possible solution for mitigating ocean acidification by 

increasing the photosynthesis rate of macroalgae Ulva lactuca by applying Phycobilin, carotene 

and coumarin.  

To be precise, this project answered the following questions:  

1. Which amount of carotene and phycobilin will increase the photosynthesis rate of Ulva 

lactuca?  



2. Does the modified Ulva lactuca able to increase the:  

a. photosynthesis rate     

b. pH of water?  

 

HYPOTHESIS OF THE STUDY 

The constructed hypothesis for this experimentation is the following:  

If Ulva lactuca is supplemented with phycobilin, carotenoids and coumarin then the novel 

strain of Ulva lactuca will be able to increase the pH of water which can mitigate ocean 

acidification.  

 

 

RESEARCH GOALS 

In order to meet those expectations, the researcher established the following goal 

 Goal #1: change the pigment of Ulva lactuca using phycobilin and carotene that may result on 

increase absorption of free H+ ions in the water causing an increase in the photosynthesis rate.  

Goal #2: decrease Ulva lactuca’s carbonic anhydrase enzyme to prevent the interconversion of 

carbon dioxide, water and disassociated ions of carbonic acid using coumarin.  

Goal #3: Find the best formulation of the amount of phycobilin, carotene and coumarin that may 

increase the pH of water mitigating ocean acidification.   

 

 



METHODOLOGY 

To achieve goal #1, for Carotene- Treatments receiving carotene were prepared. The 

following were the amount each treatment receives: 0.3g, 0.5g, and 1g. Phycobilin- Treatments 

receiving phycobilin were prepared. The following were the amount each treatment receives: 0.3g, 

0.5g, and 1g.All treatments had 6 oz of Ulva lactuca and were placed in a mason jar filled with 

water. Furthermore, all treatments were placed in the same spot, receiving the same amount of 

light for a month. 

 To conduct goal #2, each experimental treatment received 0.1g of Coumarin. The 

researcher tried to minimize the use of it as too much concentration may kill the algae.  

To accomplish goal #3, After a month, the researcher measured the photosynthesis rate of 

each treatment using a Neu log oxygen sensor. The treatments (carotene and phycobilin) with the 

highest percent increase were identified. The researcher then created a new treatment receiving the 

best formulation and submerged Ulva Lactuca for 2 weeks. Categorizing the variables, the 

independent variable would consist of carotene, phycobilin, and coumarin. The dependent variable 

was the photosynthesis rate and pH. The constant variables were the number of algae, the amount 

of chemicals, the amount of light, and the amount of water.  

 

 

 

 

 



RESULTS 

Identifying the best treatment for Carotene: 

 

 

 

 

 

 

 

 

 

 

 

The results above present the oxygen production of the treatments receiving Carotene. 

Based on the results, treatment that receives 0.3g Carotene showed the best result. This result is 

significantly different from the control which can be supported by the ANOVA test results (p=0); 

(F value is higher than the F crit).  
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Identifying the best treatment for Phycobilin:  

 

 

 

 

 

 

 

 

 

 

 

The results above present the oxygen production of the treatments receiving Phycobilin. 

Based on the results, treatment that receives 1g Phycobilin showed the best result. This result is 

significantly different from the control which can be supported by the ANOVA test results (p=0); 

(F value is higher than the F crit). 

After identifying the best treatments for carotene (0.3g) and phycobilin (1g), another set of 

treatments were created receiving the best formulation. The Ulva lactuca was submerged to the 

new formulation for 4 weeks. After a month, the researcher measured the photosynthesis rate of 

ANOVA 
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the novel Ulva lactuca for 30 minutes duration (9001 data points). Control VS Ulva Lactuca 

resulted in a 28.30% increase. 

Testing the novel strain Ulva Lactuca (30 minutes) 

  

 

 

 

 

 

 

 

 

The results present the photosynthesis rate between the control and novel Ulva lactuca. The 

graphs showed that there is a 28.30% increase in oxygen production with the Novel Ulva lactuca. 

The ANOVA results also proves that this is a significant result.  

 

ANOVA 

Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 2517260 1 2517260 193805.4 0 3.841975 

Within 

Groups 233794.7 18000 12.9886    
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Testing the novel strain Ulva Lactuca (1 hour) 

 

 

 

 

 

 

 

 

 

 

 

After 5 weeks, the researcher decided to measure the photosynthesis rate of the treatments. 

This time it was for 1 hour (18001 data points). The results present the photosynthesis rate between 

the control and novel Ulva lactuca. The graphs showed that there is a 14.04% increase in oxygen 

production with the Novel Ulva lactuca. The ANOVA results also proves that this is a significant 

result. The data shows that the Novel Ulva lactuca increased the pH by 1.04 
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DISCUSSION 

Problem 1: Which amount of carotene and phycobilin will increase the photosynthesis rate of 

Ulva lactuca?  

 Based on the results of the experiment, the treatment that receives 0.3g carotene showed the 

highest photosynthesis rate of 99.32% (Control= 96.85%). On the other hand, in terms of 

phycobilin, the treatment receiving 1g of phycobilin showed the highest photosynthesis rate of 

99.46% (Control= 96.85%). These results are significant as supported by the ANOVA test results 

(all p values<0.05) 

Problem 2: Does the modified Ulva lactuca able to increase the: a. photosynthesis rate b. pH of 

water?  

a. YES! Based on the results of the experiment, the Novel strain of Ulva lactuca receiving the 

best formulation (0.3g carotene + 1g phycobilin + 0.1 coumarin) was able to increase the 

photosynthesis rate/oxygen production by 28.30% (30 minutes) and 14.04% (1 hour) as 

compared to the control. These results are significant as supported by the ANOVA test 

results (all p values<0.05) 

b. YES! It was able to increase the pH of the water by 1.04. 

CONCLUSIONS 

Based on the results of all the conducted experimentations, the researcher has the following 

conclusions: 

• Formulation of 0.3g of carotene, 1.0g of phycobilin, and 0.1g coumarin significantly 

increased the photosynthesis rate of macroalgae Ulva lactuca.  



• The novel strain of Ulva lactuca was able to increase the pH of water up to 1.04.  

Therefore, my hypothesis stating If Ulva lactuca is supplemented with phycobilin, carotenoids 

and coumarin then the novel strain of Ulva lactuca.  

SIGBNIFICANCE OF RESULTS 

This project is significant because: 

• It presents an innovative, cost-effective and an ecological solution to mitigate ocean 

acidification. Current solutions are way too expensive and inefficient.  

• If we increase the ocean’s pH by 1.04 it will make a great benefit to the oceanic ecosystem. 

The prediction says that by 2100, ocean’s pH will go down to 7.8.  

FUTURE PLANS 

The researcher has the following plans on continuing the project:  

• Conduct longer experimentations involving the novel strain of Ulva lactuca, engineer a 

device where the Novel strain of Ulva lactuca can be immerse to the ocean. 

 POINTS OF IMPROVEMENT: The researcher could have a better pH sensor that can 

measure change in pH for a period of time. The researcher can investigate the effects of 

increasing coumarin.   
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