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Abstract:  
In the project, kombucha was observed at different stages of first fermentation, to see the distinct 

differences and similarities between black and green tea kombucha. Kombucha was not typically 

made with green tea, and the scientific world lacked research about varying tea types and their 

effects, so this project adds information on this topic. This research question has not been 

adequately answered due to the hyper-focus on the second stage of fermentation instead of the 

first fermentation stage that creates the SCOBY. As the kombucha fermented, the volume of the 

jar’s liquid was measured, the SCOBY shape was observed/collected in the Lab Notebook, and 

at the end of 50 days, the pH of both kombuchas was tested and then compared. During the peak 

of fermentation, 10 to 25 days, the volume of both kombuchas grew and then began to drop. 

Green tea (tea #1) had more drastic changes of volume than the black tea (tea #2), gaining as 

much as 78 mL of liquid after 14 days of fermentation. Black tea (tea #2), gained about 7.4 mL 

of liquid. After 50 days of fermentation, pH levels were tested for both tea #1 and #2. It was 

found that both black and green tea (tea #1 and tea #2)  had the same pH level, a 4-5 on the JNW 

pH test strips, equating to acidic. The research adds information about the environments and 

ingredients in kombucha, the most effective ways to make the beverage, and how its chemistry 

works.  
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Questions:  

 
Research question #1:   

How do different types of tea (tea #1 - black, tea #2 -green) effect the size of the SCOBY, 

observed by shape, after different stages of first fermentation?  
 

Hypothesis #1:   

Tea #1 will have formed a full SCOBY shape before tea #2, but they will be similar in size 

throughout fermentation.  
  

Research Question #2:   

How do different types of tea (tea #1 - black, tea #2 - green) effect the acidity of 

the SCOBY, measured by pH, after different stages of first fermentation?  
 

Hypothesis #2:   

Tea #1 will have the highest acidity and pH, due to its higher levels of caffeine, with tea 

#2 having slightly lower levels. Both tea #1 and #2 will be above healthy acidity levels 

to consume.  
 

Research Question #3:  

How do different types of tea (tea #1 -black, tea #2 -green) effect the volume of the 

SCOBY, measured by Liters, after different stages of first fermentation?  
 

Hypothesis #3:   

Both tea volumes will increase throughout fermentation, due to the carbonation. Tea #1 will have 

greater volumes than tea #2.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Background Research:  
 

It is a hot summer’s day, and you are walking up to a cooled refrigerator filled with 

beverage drinks, and let’s say you choose kombucha – the discussed drink that you have not yet 

tried. What even is the acidic and carbonated drink? Kombucha is a fermented black or green tea 

drink that is known for having health benefits and “multiple functional properties such as anti-

inflammatory potential and antioxidant activity” (Villarreal-Soto, et. al). Kombucha is 

scientifically defined as a “symbiotic system of viable microorganisms consisting mainly of 

symbiotic association of acetic acid bacteria (AAB) and yeasts” (Sionek). To break that 

definition down, kombucha is a beverage that is made of yeasts and acidic bacteria, like in 

vinegar.   

Kombucha is made by fermentation. The science of fermentation is called zymology, and 

there are two types: submerged fermentation, which is used with kombucha, and solid state 

fermentation (Vilela). SCOBY is the abbreviation for a “symbiotic culture of bacteria and yeast,” 

and is most often referenced when talking about the “solid-phase cellulosic pellicle, serially 

transferred from a finished batch of Kombucha to a new batch of tea” (Villarreal-Soto, et. al). 

When making kombucha tea, there are two processes of fermentation, “one to initially feed the 

SCOBY”, and a second one that then uses that SCOBY to carbonate the drink. The second type 

of fermentation is anywhere from 3 to 60 days, and the more fermentation time, the more amino 

acids and minerals  (Suárez). In one study, scientists found that the “total acidity, ethanol 

content, and total protein content were incremented with the fermentation process to reach the 

peak after 6–8 days,” showing that the 8th day under their specific conditions is the best to 

measure concentrations in kombucha (Ahmed, et. al). As seen in other studies, fermentation is 

affected by temperature, nature, composition, pH, CO2, and O2 (Vilela).   

There have been many studies on kombucha, including the most efficient processes for 

making it, the differing bacteria that is created, and the pH of it. Researchers for the CYTA 

Journal of Food found in a study, concerning the most efficient and successful way to make 

kombucha, that the fastest increase of yeasts was found with the kombucha being fermented at 

25*C for 10 days. This specific kombucha was rated the best overall quality by people they 

surveyed (Sionek). Since kombucha is made of yeasts and bacteria, many variables can affect 

what bacteria is creating in the beverages. Scientists separated the solid and liquid SCOBY due 



to their contrasting bacteria and found that “Komagataeibacter rhaeticus was by far the most 

represented species” of bacteria found in the controlled kombuchas (Harrison, et. al).   

In another study, it was discovered that time, temperature, and sucrose concentration change the 

acid and pH of kombucha – which is an important fact to know when making kombucha 

(Suárez).   

Learning about kombucha is important with its growing popularity amongst beverage 

enthusiasts, so people know the benefits (and potential harms) of drinking and making it. As 

stated previously, kombucha is made of bacteria. This bacteria varies between types of 

kombucha, and it is important to keep it as controlled as possible. When making kombucha, 

sanitized utensils and materials should be used, as to not accidentally create extra bacteria 

(Suárez). It is also important not to use a container that may have traces of lead in it, because the 

fermentation of kombucha will extract the lead. One article discusses some health reports that 

have been connected to kombucha, yet how the “U.S Food and Drug Administration also carried 

out some tests and reported that Kombucha tea is safe for human consumption.” It is suggested 

that when making kombucha, one should refer to the FDA Model Food Code to be cautious 

(Villarreal-Soto, et. al).   

Kombucha is helpful to society because it is a drink that can be made from home – which 

lessens waste and environmental impacts of buying it – as well as its health benefits. Waste is a 

big problem in society today and buying bottled beverages can be a contributor to this issue. 

However, making kombucha at home allows people to still drink fermented tea and not add to 

garbage patches. Kombucha is also helpful to society because of the benefits it provides the body 

with, just by drinking it. The beverage’s known health benefits are it’s “reduction of cholesterol 

levels and blood pressure, reduction of cancer propagation, the improvement of liver, the 

immune system, and gastrointestinal functions” (Suárez). In all, kombucha is a drink that is 

continuously being researched and has new data getting discovered frequently – so the benefits 

and potential harms may help society even more in the future.    

 

 

 

 

 

 



Materials: 
 

- 2 kombucha bottles that are unflavored and basic (the starter to the SCOBY)  

- 2 mason jars with no lid and volume markers on side (to store SCOBY during first 

fermentation)  

- 2 dishtowels (to cover jars and to keep SCOBY away from contamination)  

- 2 rubber bands (to secure dishtowel onto jar) 

- 4 black tea bags (to feed SCOBY and make kombucha, to test variety of SCOBY 

growth/acidity/volume)  

- 4 green tea bags (to feed SCOBY and make kombucha, to test variety of SCOBY 

growth/acidity/volume)  

- 1 cup of white sugar (to feed SCOBY and make kombucha)  

- 8 cups of water (to make tea)  

- Measuring cups (to measure ingredients)  

- 2 pH strips (to test acidity of kombuchas  

 

Procedure: 
 

1. Materials are gathered for project    

2. 2 unflavored (with no additives added) kombucha bottles are opened without 

being shaken or disturbed   

3. Top half of kombucha bottles is put aside (and used however one may choose) 

and the other bottom halves are used as the start to the SCOBY   

4. 4 bags of black tea are boiled with 4 cups of water    

5. 4 cups of black tea are mixed with ½ cups of sugar    

6. Black tea and sugar mixture is added with bottom half of SCOBY into one big 

jar    

7. Steps 4-6 are repeated with green tea   

8. Jars are labeled “do not drink” and are covered with dishtowel  

10. SCOBY shape and dimensions are observed and are written in Lab Notebook. The 

volume of the jars of green tea and black tea is measured in Liters and logged Lab 

Notebook.  

11. Repeat step 10 every 7 days for 4 weeks.  

12. After 50 days, the pH of black and green tea is taken using pH strips and logged 

in Lab Notebook.   

11. All kombucha is safely disposed of (poured outside on the ground or thrown 

away)   

  

 

 

 

 

 

 



Risk and Safety:   
Risk: Extra bacteria created  

Precaution: washing hands (from CDC)   

1. Hands are wet with clean, running water (warm or cold), tap is turned off, and soap 

is applied   

2. Hands are lathered by rubbing them together with the soap. The backs of hands 

are lathered, between fingers and under nails.   

3. Hands are scrubbed for at least 20 seconds. If a timer is needed, the “Happy 

Birthday” song is hummed from beginning to end twice   

4. Hands are rinsed under clean, running water.   

5. Hands are dried using a clean towel or hands are air dried  

Precaution: washing all materials before use (spoons, jars, etc.)    

  

Risk: drinking kombucha with too high or too low acidity   

Precaution: testing acidity of kombucha, not drinking kombucha  

 

 

Data Analysis and Discussion: 
 

The data will be collected after each week, by measuring the volume of both teas’ liquid and 

SCOBY (Research Question #3).  

The data will be collected after 50 days, by testing the pH levels of both teas (Research Question 

#2).  

  

Research Question #3 Data 

 0 days 14 days  21 days  40 days 

Tea #1 (black) in L 0.946325 

 

0.953745375 

 

0.946325 

 

0.8990344 

 

Tea #2 (green) in L 0.96113875 

 

1.025214667 

 

1.025214667 

 

0.953745375 

 
 

  



The graph above depicts the changes in the volumes of liquid in a kombucha bottle after 

different amounts of fermentation time. In both types of tea, there is an increase in volumes 

during the extreme parts of fermentation (10-25 days), and then there is a drop in volumes after 

40 days. However, there is a more dramatic increase in volume from the Tea #2 than Tea 

#1, who's range of changed volumes was smaller.  

 

Research Question #2 Data  

 50 days fermentation  

Tea #1 (black in pH)  4.50 

Tea #2 (green in pH)  4.50 

 

 
The graph above shows the similarity between the two teas’ acidity. Tea #1 is kombucha made 

with black tea, and tea #2 is kombucha made with green tea. The pH of the teas was tested after 

50 days of fermenting. During this fermentation process the teas were untouched and only 

observed. The hypothesis was that the tea #1 (black) would have a higher pH, when in reality, 

the kombuchas had the same pH. Their pH was acidic, a level too dangerous to drink.  

 

 

 

 

 

 

 

 

 

 

 

 



Conclusion:  
 

 The purpose of this project is to determine the effects that varying environments and 

ingredients have on the chemical reactions of SCOBY. The research questions were found 

through learning the surprising lack of information on green tea in kombucha as well as lack of 

information on the first fermentation process. Throughout the data collection of this project, the 

SCOBY did not behave as expected, giving a lesson on the difficulties of fermentation and the 

scientific process. The initial idea for the project was to measure the shape of the fully formed 

SCOBY, assuming it would grow like normally used SCOBY starters (floating clump of 

particles on top of jar). However, the SCOBY did not grow and float, and instead grew particles 

that later clumped to the bottom of the jar. This turn of events gives science more information on 

SCOBY behavior and how it is not as typical as one might assume.  

 

 This project tested the differences between green tea and black tea, as it was first 

fermented to create SCOBY. This was done through a controlled environment. Both tea #1 

(black tea) and tea #2 (green tea) were left to ferment in a place with a constant room 

temperature, same amounts of sunlight, and were only moved when data was being taken. Both 

teas were made with the same water at boiling point, added the same sugar, and left in the same 

types of jars. One discrepancy to note is that the green tea was organic, whereas the black tea 

was not organic. For every week after the initial day, the SCOBY was observed by looks and 

written in the Lab Notebook. The volume of the tea the SCOBY was living in was then measured 

in Liters and written in Lab Notebook. Then, after 50 days of fermentation, the pH was tested.  

 

 In this project, the hypothesis for the 1st research question was that the black tea would 

have formed a full SCOBY shape before the green tea, however they would stay relatively 

similar in shape throughout the fermentation process. This remained partially true, the black tea 

did begin to form more particles before the green tea, however they both did not form a full 

SCOBY shape and instead a clump of SCOBY particles submerged towards the bottom of the 

jar. This was probably due to the fact that the SCOBY was only fed one time throughout this 

experiment, whereas if it was fed multiple times, it could have grown more. The hypothesis for 

the 2nd research question was that the black tea would have the highest pH, with the green tea 

having slightly lower levels. The project also hypothesized that both tea black tea and green tea 



would be above healthy acidity levels to consume. This hypothesis was incorrect, both the black 

tea and green tea had the same pH level of 4-5, yet they were both had too high an acidity to 

consume. One can understand that they had the same acidity levels because green tea and black 

tea ferment similarly, creating the same amounts of acid. Lastly, the hypothesis for the 3rd 

research question was that both tea volumes would increase throughout fermentation, due to the 

carbonation, and that black tea would have greater volumes than green tea. This hypothesis was 

correct in saying both teas would grow in volume, yet did not consider that they would then drop 

in volume after peak fermentation (10 to 25 days). This drop in volume was due to evaporation 

of the liquid. The hypothesis was also proved incorrect when the green tea grew by 78 mL, 

whereas the black tea only grew by 7.4 mL.  

  

 This research has a few beneficial impacts on science’s future. These impacts include 

more scientific curiosity on the chemistry of kombucha, less of a focus on consumerism of 

grocery bought kombucha, and more scientific research on the different stages of kombucha. 

This research can lead to more research projects, such as testing different juice additives to see 

the pH results and monitoring the first and second stage of both green and black teas. In all, this 

project led to new ideas of how different teas and growing environments effect the youth of the 

SCOBY.  
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