Abstract


The purpose of this experiment was to find which vitamins were essential to Saccharomyces cerevisiae, commonly know as yeast. The experiment was done by setting up test tubes with gas catchers. Half a milliliter of each vitamin was added to each tube with the exception of the vitamin being tested, half a milliliter of water was added to all tubes but the all tube and two drops of yeast were added to create a fifteen percent sugar solution by mass in the test tubes. The tubes were placed in an incubator for one to two days to allow the yeast to grow and the gas produced from fermentation was then measured with a ruler. A T-test was then done on the data that did not show massive inconsistencies and vitamins B1, B12, biotin, and niacin were found to be necessary for fermentation in yeast. 

Introduction


The first test done on yeast was placing it in varying concentrations of molasses in test tubes with gas catchers and then measuring the gas produced to ascertain an optimum concentration. The purpose was to find an optimum concentration of glucose, based on concentration in the molasses, that the yeast would grow in. A serial dilution was done from fifty percent to .19 percent to test a wide range of molasses concentrations. We added twenty-five milliliters of molasses and one drop of yeast solution. The results of this showed an optimum to be between ten and twenty percent so a second test was done in order to narrow the margin of optimum concentration. The second test was done with sugar, the purpose being to find if sucrose, which is broken down into glucose for fermentation, was the only thing that the yeast needed from the molasses solution. Percents and ratios were used to calculate what concentration of sugar solution would be equivalent to the molasses solution, which was initially used. 

We setup a range to do a second test that was narrower, where we tested between twenty-five and five percent, in increments of five, with twenty-five milliliters of sugar and one drop of yeast. We found fifteen percent to be the optimal concentration of sugar for yeast to grow in, yet we observed very little to no gas produced by the yeast after the first day and very small bubbles after the second day. We concluded that there was something in the molasses, other than sugar, that was essential and therefore the yeast required more than just sugar or glucose to undergo fermentation.

 From this theory we set up a lab testing whether or not vitamins (in the form of a daily multivitamin), amino acids, ammonium sulfate and phosphate were need for yeast fermentation by adding all but one to a test tube of optimum concentration (15%) of sugar and setting up an all and a none tube as controls. We used one milliliter of each solution, which was added to a twenty percent solution of sugar. We tested vitamins since they act as coenzymes for many biological reactions, amino acids because yeast cannot create all twenty amino acids on their own, ammonium sulfate since it is an essential element in organic molecules and the nitrogen in ammonium is used for nucleic acids, and finally phosphate because living organisms need inorganic phosphate for ATP production. When tested we found amino acids, ammonium sulfate, and vitamins to be essential. We later discovered that phosphate was a filler in the multivitamin and was never really tested since it was never truly removed. After this test we decided to test vitamins D, B1, B2, B6, B12, and C, as well as niacin, folic acid, biotin, magnesium, selenium, zinc, manganese, potassium and some metals, such as copper and iron, to find which individual vitamins and minerals are essential for fermentation. 

We set up tubes testing half a milliliter of each vitamin and mineral with the exception of the one being tested and half a milliliter ammonium sulfate, amino acids, a drop of yeast and two milliliters of water were added to each tube to make a fifteen percent sugar solution when everything was added. When the data was analyzed later we found minimal growth in all tubes except the ones not containing metals, which had significant growth relative to the other tubes. From this we concluded that the metals were of too high a concentration and killed the yeast. The concentrations wanted were too small and therefore close insignificant. From this data we were able to setup our final list of vitamins to test.

We were unable to test some vitamins because they were insoluble, such as vitamin A and E. Research was done on all vitamins in order to decide whether or not they were essential and therefore needed to be tested, for instance if a vitamin was only responsible for healthy hair growth and skin, it was not tested because yeast has neither hair nor skin. We added amino acids and ammonium sulfate to all tubes because they are essential in yeast fermentation and excluded the metals because they killed the yeast.

Materials and Methods

Materials needed for each person:

11 test tubes

11 gas catchers

Graduated cylinder

Droppers

Yeast solution

Sugar solution

Mortar and Pestle

Solutions of 


Amino Acids


Ammonium Sulfate


Vitamins B1, B2, B6, B12, C, and D


Niacin, Folic Acid, and Biotin


The first step in the setup of this lab is to gather materials starting with gas catchers and test tubes; if more than one person is doing the lab it is important to have same size gas catchers for comparable results. It is very important to make sure that both the test tubes and the gas catchers are clean in order to avoid bacterial contamination. Next, solutions must be mixed; the amounts of all individual vitamins should be based on the amounts found in the multivitamin in order to prevent overdosing the yeast. To determine the amount of the individual vitamin pill a percentage calculation needs to be done before the pill is crushed and water is added. The calculation is as follows:
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The amount of individual vitamin needed is then added to one hundred milliliters of water. This process is repeated for all the vitamins B1, B2, B6, B12, C, and D, as well as niacin, folic acid, and biotin. .2 grams of yeast is added to one hundred milliliters of tap (which is used exclusively in the lab) water to make the yeast solution. Finally, a twenty percent by mass sugar solution was mixed in order to obtain the fifteen percent optimal concentration when all vitamins were added. 

A twenty percent solution can be calculated by using the equation concentration1(volume1 = concentration2(volume2 where total volume in a test tube is multiplied by fifteen percent and then divided by the volume of higher concentrated sugar, which is total volume minus the volume of vitamins and water added. To calculate sugar solution a more complicated system must be used:

1. A number must be chosen, call it X. X must be larger than the amount needed.

2. X ( 20% = Y Where Y is the amount of sugar needed 

3. X – Y > amount needed and X – Y = amount of water needed

The final step is setting up the test tubes, a tube is needed for each vitamin tested and an all tube. Half a milliliter of each vitamin (vitamins must be stirred before added in order to assure a more homogenous solution) is added to the tube with the exception of the vitamin being tested, which is labeled on the side of the tube. Volumes can be measured with a graduated dropper, pipette, or graduated cylinder. After all the vitamins are added there should be six and a half milliliters of solution in all the tubes except the “all” tube; to this seventeen milliliters of twenty percent sugar solution is added to all the tubes. In order to keep concentrations of sugar the same in all tubes half a milliliter of water must be added to all tube except for the all since the all has one more vitamin than the other tubes. 

After all solutions are added to the tubes two drops of yeast are added also, where new yeast solution is drawn into the dropper for each tube because the yeast sinks to the bottom of the dropper and the yeast must be stirred before drawing it into the dropper to assure a more homogenous solution. The solution is then capped with a rubber stopper and shaken thoroughly in order to mix it. If the same cap is used for all tubes it must be cleaned after each use to avoid contamination of other tested vitamins. When the solutions are mixed, gas catchers are inserted and the test tube is inverted to get all air out of the gas catcher. Foam stoppers are added and the tubes are placed in an incubator, at a constant temperature slightly higher than ambient, for one to two days to allow the yeast to undergo fermentation and gas to appear in the tubes. After one to two days tubes are removed and the gas in the gas catchers is measured with a ruler and recorded; from this data conclusions can be drawn about the necessity of each vitamin. 

Results

Our final test run contained twelve sets of data of which we had to omit five due to massive inconsistencies in the data when comparing the vitamin test tubes to the “all” tube and one set of tubes were done wrong. In theory, the “all” tube should have had the greatest amount of gas produced because it contains all the essential vitamins, therefore when data shows the “all” tube having less gas than other tubes a mistake must have been made in lab procedure and the data is omitted. The remaining data averages of the amount of gas in each tube were taken and the remaining data can be seen in the following chart: 

	B1
	B2
	B6
	B12
	C
	D
	Folic Acid
	Biotin
	Niacin
	All

	10
	24
	34
	10
	18
	31
	20
	19
	33
	41

	40
	30
	33
	24
	12
	24
	45
	40
	23
	45

	28
	49
	23
	45
	47
	40
	44
	34
	26
	50

	30
	45
	50
	20
	40
	44
	20
	18
	36
	45

	38
	48
	50
	28
	45
	46
	10
	17
	46
	40

	29
	45
	45
	38
	43
	43
	40
	41
	29
	43

	42
	44
	41
	44
	41
	12
	43
	15
	39
	45

	Average
	
	
	
	
	
	
	
	
	

	31
	40.7
	39.4
	29.9
	35.1
	34.3
	31.7
	26.3
	33.1
	44.1


 All measurements in millimeters

The graph above shows class data of the tubes that did not have massive inconsistencies between the data and the “all” tube. Note the inconsistencies within each vitamin; for instance, folic acid has a range from 10mm to 45mm. A T-test was not done on any vitamins with averages over 35.0mm because we logically determined that any difference between a tube over 35.0mm and an “all” was not significant enough and that running the T-test would surely prove that the null should be accepted.


The averages of the vitamins were compared to the average “all” with a T-test in order to verify whether or not the vitamin had a significant effect on the growth of yeast or whether the variation is due simply to chance. The T- test was run on vitamins B1, B12, D, folic acid, biotin, and niacin. Vitamins B2, B6, and C were not tested because their means were too close to the mean of the “all” tube and were obviously not significantly different. Values for the T-test are as follows: 

	
	B1
	B12
	D
	Folic Acid
	Biotin
	Niacin

	Value
	3.056
	2.788
	1.99
	2.2
	3.295
	3.438

	Null hypothesis
	Reject
	Reject
	Accept
	Accept
	Reject
	Reject


This chart shows the results of the T-test and whether the null hypothesis should be accepted or rejected. 6 degrees of freedom were used.
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The graph on the previous page shows the class averages for each individual vitamin compared against the “all” tube average. 

Discussion

From the T-test we can conclude that according to our data B1, B12, biotin and niacin were essential because they are above the value of 2.447 that ensures a less than .05% probability that the null hypothesis is true and the variation is due to chance alone. Vitamins B1, B2, B12, biotin and niacin may be essential but the data gathered by our class was so inconsistent that I feel uncomfortable making any sort of conclusion from the data. To start with, 46% of our data had to be omitted due to inconsistencies between the tested vitamins and the all tube, and the rest of the data. The remaining data did not show any constant trends. Part of this inconsistency can be that most of class’ lab technique was quite awful and members of the group would not follow the procedures the rest of the group was using, which lead to inconsistencies in the data. Poor lab technique could most easily be seen in different levels of solution in test tubes. These different levels show that concentrations of sugar were obviously not equal between all tubes. Another example was when a member of the group continued to use rubber stoppers after being regularly told to use foam stoppers, although this is more of a lack of any thought rather than poor lab technique. Another part of the problem was some of the equipment; for instance, the droppers used to measure half a milliliter of vitamin solution were not accurate to half a milliliter on a graduated cylinder. This is not a huge problem as long as the difference is constant between all droppers but it does change the concentration of sugar solution making it different than the optimum concentration. Cleanliness was a problem; during one of the tests a member forgot to add yeast to test tubes and the tubes showed a substantial amount of gas production. This showed that yeast was being carried over from previous test or another bacteria that was not added was also producing gas. If tubes without yeast added showed gas production then we had no way to prove how much of the gas we had in other tubes was due to the yeast we did add. We tried to solve this by soaking tubes in hot soapy water but this was not done after every test. Additionally, to ensure cleanliness the tubes should have been flamed as well to kill any remaining bacteria. 

I did some research on the individual vitamins that were tested to try to logically determine which of the vitamins should have been shown to be essential. From my research vitamin B1 should most definitely be essential since it is necessary for proper metabolism of sugar and starch to provide energy. Since we were using sugar as the energy source for the yeast B1 should be necessary.1 According to the T-test the null can be rejected with approximately 99% certainty. Vitamin B2 does not seem to be necessary based on further research because it is critical in the metabolism of carbohydrates, which we did not use in the lab as an energy source for the yeast. According to the T-test we accepted the null because there was less than 90% certainty that the null was false. Niacin is required for the nervous system, in humans, I am not exactly sure of the effect on yeast but due to niacin’s affect on humans I would not think it would be necessary in yeast.1 according to the T-test we can reject the null hypothesis with approximately 99% certainty. Niacin is the first contrast between our data and what I think should have been necessary, since the T-test showed niacin to be necessary. Vitamin B6 is involved in the metabolism of fats especially, the unsaturated fatty acids, and therefore should not be necessary in yeast fermentation since not fats were used. According to the T-test we could not dismiss the null with more than 90% certainty and it was therefore accepted. According to my research B12 is essential for the proper functioning of all cells and therefore I would believe should be essential in yeast fermentation. We were able to reject the null hypothesis with over 95% certainty when using the T-test. Folic acid is active in the most basic life process that we know, the synthesis of DNA.2 The T-test result for folic acid was borderline at slightly less than 95% certainty for rejecting the null and I decided to throw it out; ideally another test would be run. Folic acid should have been essential in our lab because the yeast was growing and therefore DNA would have had to replicate and folic acid would be needed, although our data did not show this, the T-test value was not high enough to rule out random chance as the cause of the difference between folic acid and the “all” tube. Biotin is responsible for the formation of glycogen and is also essential in the production of fatty acids, which yeast would need.3 Vitamin D is important in regulating level of calcium and phosphorus, which may or may not have been needed by the yeast since there was no calcium added but phosphorus was a filler in most of the vitamins we used and vitamin D may have helped to prevent too much phosphorus from getting into the yeast cells. According to the T-test we could only have approximately 90% certainty so the null hypothesis could not be rejected. Vitamin C is important in rebuilding bones, cartilage, muscle, and blood vessels, which are not present in yeast and therefore should not be essential. According to the T-test there was less than 90% certainty that the null was void and it was accepted. Altogether despite the massive inconsistencies in the data, when averages are taken and a T-test is done, the data seems to mostly agree with what I would expect to see from my research, the only vitamin that was not essential, which I believe should have been essential was folic acid and niacin should not have been essential.

Our data showed that B1, B12, Biotin, and Niacin were essential according to the T-test results, which agrees mostly with my research, however according to my research I hypothesize that folic acid would be required for yeast fermentation and that niacin would not which contradicts with our data. The biggest problem is the massive inconsistencies in the data, which makes it impossible to make any definite conclusions with the data even after using the T-test; in order to be more certain of any results more runs must be done and more data gathered. 
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