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ABSTRACT 
 
Saccharomyces cerevisiae, or baker’s yeast, is commonly used for baking alongside sucrose. It is understood that 
yeast’s reaction with sugar leads to a high emission of carbon dioxide, ultimately increasing the height of baked goods. 
However, the carbon dioxide production levels at different chains of sugars, including sucrose, glucose, and starch, or 
monosaccharides, disaccharides, and polysaccharides, is not well-known. Water was tested as a control group. The 
paper hypothesizes that as length of the sugar polymer chain increases, the production of carbon dioxide of Saccha-
romyces cerevisiae, or baker’s yeast, increases. While the results showed a linear trend similar to the hypothesis, the 
production levels for the starch experimental group were lower than any other experimental group. This paper con-
cludes that there is no statistical difference between the lengths of the sugar chain and the carbon dioxide production 
rate can be rejected. 
 

Introduction 
 
Yeasts are eukaryotic and unicellular microorganisms that are members of the fungus kingdom. Saccharomyces cere-
visiae is a common form used for baking, brewing and more. As fungi, they are classified as ascomycetes, or spore 
shooters. Because they cannot carryout out photosynthesis, they must use a carbon source [3]. 

Baker’s yeast, Saccharomyces cerevisiae, rapidly converts sugars to ethanol and carbon dioxide at both an-
aerobic and aerobic conditions via cellular respiration where glucose is converted into ATP and carbon dioxide. The 
production of carbon dioxide by yeast is what causes bread to rise. However, there is a possibility of glucose repression 
of respiration as seen in S. cerevisiae and related species that diverged. Glucose repression of respiration was seen as 
an evolutionary step to increase ethanol production and to inhibit any growth of microbes [2]. This raises the question 
of whether the trends of yeast respiration are truly predictable.  

Previous studies have shown that sucrose as a source of carbon and energy in yeast is controlled by SUC genes, 
which confer the ability to produce invertase, or the sucrose-degrading enzyme. SNF1 is the locus essential for sucrose 
utilization and mutations at the locus were found to be pleiotropic and prevented sucrose consumption in some strains, 
which also affected monomers. All carbon utilization systems are affected by glucose repression. Previous findings 
have found that the SNF1 locus is involved in “regulation of gene expression by glucose repression” [1]. 

Moreover, this experimentation can be applied to fungi in a unicellular life stage in the natural world, analyzing 
how this might affect carbon dioxide levels in the atmosphere. 

Ha: As length of the sugar polymer chain increases, the production of carbon dioxide of Saccharomyces cerevisiae, 
or baker’s yeast, increases. 
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H0: As length of the sugar polymer chain increases, there is no effect on the production of carbon dioxide of 
Saccharomyces cerevisiae, or baker’s yeast. 
 

Materials and Methods 
 

Figure 1. Lab setup 
 

One 250mL Nalgene bottle, one 250mL beaker, and one 100mL graduated cylinder were rinsed and dried in 
preparation for the lab procedure.  Distilled water was applied to rinse graduated cylinders, any remains within the 
bottle, and the stirring rod. To connect the Vernier, Go Direct CO2 Bluetooth Sensor, the device was turned on via the 
power button and matched through Bluetooth to the computer and phone to feed data every 8 seconds. To control 
these settings, the Bluetooth device was adjusted on the computer to feed data every 8 seconds for 600 seconds as 
opposed to every 2 seconds for 600 seconds.  

Using a balance that estimated to the nearest hundredth of a gram, 5.00 grams of the sugar and 5.00 grams 
of the yeast were measured out in weight boats. With a graduated cylinder, 150mL were measured out and placed into 
a 250mL beaker by reading the meniscus of the cylinder. The graduated cylinder was then dried out for later meas-
urements. A hot plate was plugged and set to level 6 as the room temperature water was already nearly 30°C and only 
needed minimally heating to reach 40°C for the trial. After the water, sugar, and yeast were measured out and ready, 
they were poured into the Go Direct sensor’s 250mL bottle within 20 seconds. Then, a timer was set to a minute and 
the solution was stirred during that period of time.  When the solution was efficiently stirred together, the Vernier Go 
Direct CO2 Bluetooth Sensor was placed into the solution’s bottle and the “Collect” button was pressed on the com-
puter and cell phone, giving the data as needed.  

Once 600 seconds were over, the bottle was rinsed, the sensor was wiped down with paper towel and the 
given steps were repeated for all other trials for repetition and accuracy. For the trial with just water, the above steps 
still occurred, but without measuring out 5.00 grams of a given sugar.  
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Results 
 
Table 1: Carbon Dioxide Production Levels of Sugars (ppm) Over the Course of 600 Seconds (±0.01s) 
Quantitative Raw Data-Table 1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Volume 10 Issue 1 (2021) 

ISSN: 2167-1907 www.JSR.org 3



Table 2. Raw data of carbon dioxide production over 600 seconds for all trials. 
Qualitative Raw Data-Table 2 
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Table 3. Observational data from each group, collective of all trials.  
Observational Data of Respective Sugars and its Reaction with Yeast and Water 

 Sucrose Glucose Water Starch 
Observa-

tions 
During all trials, foaming 

started very early and quickly. 
The yeast solution started to 

with yellowish-white bubbles 
of high volume. 

 
There was a key division be-
tween the solution at the bot-

tom and top; the top was more 
viscous than the bottom. 

 
During trial 3, there was a 

slight error in that the bubbles 
of the solution started to rise 
higher than expected, causing 
me to have to lift the CO2 sen-
sor a bit and, potentially inhib-

iting some results. 

There was an equal level 
of foaming at all trials. 

The solution at the bottom 
was thinner; however, 
there were chunks of 

yeast and sugar that were 
slowly popping out of the 
bottom over time. It was 
less viscous than the su-

crose solution. 
 

There was a key division 
between the solution at 
the bottom and top; the 

top was more viscous than 
the bottom. 

 
 

There was little, 
if any, reaction. 

 
The solution was 
tainted yellow-
ish-brown as a 

result of the 
yeast. 

 
During trial 2, 

there was a 
chunk of yeast 

solution that did 
come to the top 
of the solution. 

 
The yeast, when 

stirred, didn’t 
dissolve with the 

water. 

It was extremely 
difficult to mix the 
starch with the so-
lution in under a 

minute. 
 

The starch tended 
to clump together, 

leading to more 
mixing and also 

trouble inserting it 
into the bottle with-
out disrupting the 
surrounding envi-
ronment. Visible 

reaction was mini-
mal. 

 
The solution 

wasn’t as viscous 
as sucrose and was 
closer to glucose. 

 
The solution was 

tainted a yellowish-
brown and was 

even throughout. 
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Table 4. Condensed data per trial, average of carbon dioxide production for each trail. 

Figure 2. Sucrose trial 3 Figure 3. Water trial 1 

Figure 5. Starch trial 4 Figure 4. Glucose trial 2. 
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Table 4. Condensed data per trial, average of carbon dioxide production for each trail. 
Average Carbon Dioxide Production per each Trial and Sugar Type (ppm) 

 Sugar Type 
 Sucrose Glucose Water Starch 

Trial 1 20491.4 16294.1 4983.11 6835.11 
Trial 2 25819.5 11626.0 9780.60 5007.39 
Trial 3 16972.9 12846.6 5531.93 5510.27 
Trial 4 17788.0 27034.3 9449.33 11772.0 

 
Table 5. Distribution’s spread and mean. 

Mean and Standard Error/Deviation per Group of Sugar’s Reaction with Yeast (ppm) 
 Sucrose Glucose Water Starch 

Mean 20268.0 16950.3 7436.23 7281.19 
Standard Error 500.246 601.7313 335.127 189.862 

Standard Deviation 8722.09 
 

10491.54 
 

5843.14 
 

3310.35 
 

Final Average 12983.9 
 
Table 6. ANOVA testing and group variability required to conduct the test.  

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

Between 
Groups 528347282.2 3 176115760.7 8.695312154 0.002450455 3.490294819 
Within 
Groups 243049253.6 12 20254104.47    
       
Total 771396535.8 15         

SSB  = variability between groups  
SSW. = variability within groups 
df = degrees of freedom 

M = number of independent samples 
MSB = variance estimate between groups 
MSW = variance estimate within groups
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Figure 6: Graph of carbon dioxide respiration of yeast in different lengths of sugars. 
 

Discussion 
 
As per the research question, the collected data show that the null hypothesis of there is no statistical difference be-
tween the lengths of the sugar chain and the carbon dioxide production rate can be rejected. This is because the prob-
ability or p-value is 0.002450455, which is far less than the significance value of 0.05. There is a 0.0245% probability 
that the true means of all the groups are equal.  

Although we can reject the null hypothesis, it does not mean that the alternative hypothesis is confirmed. 
This can be analyzed through a simple look at the bar graphs that shows the sample mean and standard error of the 
distribution. If the alternative hypothesis was true, the production would increase from water to starch and show a 
more linear trend. However, it only increased from water to sucrose and the starch data showed a downward trend 
from the given data, perhaps due to its solubility with water. Therefore, there is not enough evidence to support a 
correlation between the length of a saccharide and its carbon dioxide production levels.  

In the real world, sucrose is common sugar, and therefore, most often used for purposes like baking or brewing. 
Perhaps it is also used in the real world because in comparison to other accessibly saccharide, sucrose has the highest 
carbon dioxide production levels and, therefore, would lead to the highest rise in bread or other baking elements. Since 
the yeast was not mutated, there were no problems in being able to identify high carbon dioxide production levels for 
the sucrose trials. This controls for the potential outliers that previous studies had predicted [1]. 

Overall, the methodology of the experiment went well. Using the carbon dioxide sensor was a good option to 
being able to control for any human error and because the data was very accessible, either through my phone or 
computer. The levels of the sugar, water, and yeast were very well controlled for, as they never reached the carbon 
dioxide sensor, but the carbon dioxide production was still picked up. Although it was hard to control for room tem-
peratures as these trials were done at different times and often on different days, this error was eliminated through 
heating the water to a set number and controlling this temperature within the trial’s bottle.  
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As seen in the raw data, there were a few outlier trials for the starch. The starch values fluctuated greatly due 
to the fact that it was hard to mix the solution since starch is very thick and resistant to water.  The variance in the 
ANOVA testing is quite large, but the end production levels of carbon dioxide stayed the same, which served as a 
control for this large value.  

A limitation of the ANOVA test is that it assumes that the data is normally distributed even though there are a 
few digressions that may not be accounted for in the statistical data. Therefore, the data must be transformed as needed. 
Another limitation of this test is that assumes that each group has the same or very similar standard deviations, which 
it does not. Instead, it varies by several thousand within each group. Moreover, the ANOVA test doesn’t tell us how 
the data differ from the null hypothesis, just that it does. The f-statistic given only tells us if we can reject the null 
hypothesis, but not to which extent each group differs from the initial assumption. 
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