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Paper Abstract

Dr. Fraunhover determined that Red Bull causes a rate of tooth decay that is eleven times faster than the average soft drink (Ross 134). If teeth are soaked in ingredients from Red Bull (carbonated water, Pyridoxine HCl or vitamin B6, D-pantothenol or vitamin B5, and sodium citrate, Red Bull, and water), then the active ingredient in causing tooth decay in Red Bull, and perhaps other energy drinks, may be identified. Ninety-six teeth were soaked for two weeks in these substances. The average mass before and after soaking in B6 was 1.22 to 1.19 grams and in Red Bull was 1.91 to 1.85 grams, which gave a ratio to figure out the percent of the tooth that decayed, 2.70% for both Red Bull and B6. All other compounds had no effect on the teeth, staying at zero percent decay. The calculated p value for water versus B6 was 2.43 x 10-10, and for water versus Red Bull was 3.01 x 10-5, both of which rejected the null hypothesis. Of all the ingredients, pyridoxine HCl (B6) was the greatest contributor to tooth decay in Red Bull.
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Rationale
Soft drinks were once believed to be the main cause of tooth decay due to the amount of sugar they contain. Research by Elaina Ross at the University of Maryland-Baltimore Dental School proved that energy drinks and sports drinks have eleven times greater of an effect on tooth decay than average cans of pop (Ross 134). The reasoning behind this strangely high number is due to organic acids. Sports and energy drinks contain, besides just sugar, a high amount of different organic acids that break down calcium compounds (Ross 134). These organic acids might include anything from sodium citrate to taurine, D-pantothenol, or pyridoxine hydrochloric acid. When a sports or energy drink is consumed, excess sugar, starch, and organic acids can collect on teeth and turn into bad bacteria. These bacteria sit in one spot and eventually leave a sticky white film on the teeth called plaque. Plaque penetrates the smallest holes in a tooth causing a dental cavity, therefore increasing tooth decay (Newton 139).

Previous to Dr. Ross’s experiment, a very crucial experiment was performed. One German named Dr. Fraunhover exposed dental enamel from extricated teeth to twelve different brands of soft drinks and energy drinks including Coca-Cola, Propel, lemonade, PowerAde Artic Shatter, Red Bull, Lemon Lime Gatorade, original Snapple, and KMX energy drink (Bakalar 4). Dr. Fraunhover weighed and measured his cavity-free sterilized teeth after fourteen days of immersion to see how much of the tooth had dissolved (Bakalar 4). Fourteen days of immersion mimics thirteen years of normal beverage consumption to the normal wear of a child and an adult (Bakalar 4). It was found that KMX energy drink was the most harmful, followed by Snapple classic, lemonade, Red Bull, and lemon lime Gatorade (Bakalar 4). Coca-Cola had the least effect on dental erosion. Fraunhover concluded that this erosion was due to polybasic acids (Bakalar 4). The saliva did contain calcium, fluoride,and carbonation; the first two important in preventing tooth decay and the last one not an important factor in tooth erosion (Bakalar 4). Although this was a good experiment, one man named Dr. Casamassimo argued that Dr. Fraunhover’s experiment wasn’t realistic enough and that it would be too hard to make a real life application to tooth erosion (Bakalar 4). In conclusion to Fraunhover’s experiment he said that tooth exposure to citrates on a constant basis makes it difficult to neutralize acids therefore leading to tooth erosion (Bakalar 4).
This experiment, dives a little bit deeper into what specific ingredient in Red Bull causes tooth decay. The experiment will test five different variables with eight teeth for each variable: water (control), Red Bull and a whole, pyridoxine hydrochloric acid, sodium citrate, and D-pantothenol. The teeth will be weighed before being tested, soaked in each variable for fourteen days, and then their mass will be recorded after the experiment to get a percent of mass of the decayed teeth. If everything works correctly, the variable that had the greatest effect on tooth erosion will be determined.
The reasoning behind doing this experiment is to warn society about how dangerous excessive energy drink consumption can be to the mouth. Hopefully Red Bull and other drink companies could lessen the amount of the variable that causes the worst damage to the teeth. Modern society has put emphasis on energy drinks and their popularity is very high right now, especially to children who can be greatly affected by teeth erosion. If teeth are soaked in an organic acid in Red Bull, then the substance in all energy drinks (specifically Red Bull)that causes teeth to rot will be found. 

Research Plan/Experimental Design
A. Question:  What ingredient in Red Bull is responsible for tooth decay?

B. Hypothesis:  A 2005 study done at the University of Michigan established a relationship between tooth decay and organic acids. If teeth are soaked in different organic acids that are found in Red Bull, the loss of mass in the tooth (which signifies tooth decay) will indicate which organic acid is most responsible for the decay.

a. Independent Variable – 5 different organic acids + a control

b. Dependent Variable – change in mass of tooth

c. Control Group – Teeth soaked in water

d. Constant Variables – amount of liquid, time of soaking, temperature, rinsing & drying technique

e. Number of Trials – 16 teeth in each of 6 groups for a total of 96 teeth

Materials

96 sterile teeth

Water

Red Bull

Carbonated Water

Sodium Citrate

Pyridoxine HCl (vitamin B6)

D-pantothenol (vitamin B5)

96 Cups

Balance

Camera
Experimental Design

Ninety-six teeth were used in this experiment along with water, Red Bull, carbonated water, sodium citrate, pyridoxine HCl (vitamin B6), and D-pantothenol (vitamin B5). Since there were ninety-six teeth and six variables (groups), there were sixteen repeated trials per group.

1. Teeth were separated into six groups of 16 teeth

2. Each tooth was massed in grams before testing them with the variables

3. 25.0 mL of water was measured out in 16 different labeled cups. This was the control.

4. Step 3 was repeated for Red Bull, Carbonated Water, Sodium Citrate, Pyridoxine HCl (vitamin B6), and D-pantothenol (vitamin B5) for a total of 96 cups containing 16 each of the six liquids.

5. A massed tooth was placed in each cup.

6. Teeth were soaked for 14 days.
7. Teeth were dried with paper towels and then air dried for 2 days and then massed.

8. The mass after soaking was subtracted from the mass before soaking. The difference was divided by the mass before soaking and multiplied by 100 to get a percent of mass that the teeth had decreased.

Mass before soaking – mass after soaking x 100 = % tooth decay

Mass before soaking

Results

The average mass decrease in each of the six liquids can be shown in the graphs and tables. Table 1 shows the average mass of the teeth before and after soaking, the mass difference, and the percent of tooth decay in each variable. Graph 1 shows the average mass of teeth before and after soaking. Graph 2 shows the percent of tooth decay in each variable. Table 2 shows the p-values from a t-test for each variable compared to water.

Table 1
Average Mass Before, After, Difference, Percent Tooth Decay

	Averages for 96 teeth
	Mass before (grams)
	Mass after (grams)
	Mass Difference
	% Tooth Decay

	Red Bull
	1.91
	1.86
	5.19%
	2.70%

	Water
	1.75
	1.75
	0.00%
	0.00%

	Carb Water
	1.56
	1.56
	0.00%
	0.00%

	Vitamin B5 d-pantothenol 
	1.56
	1.56
	0.00%
	0.00%

	Vitamin B6 pyridoxine HCl 
	1.22
	1.19
	3.00%
	2.71%

	Sodium citrate
	1.57
	1.57
	0.00%
	0.00%


Graph 1
Average of Mass of Teeth Before Soaking and After Soaking
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Graph 2
Average of Percent Tooth Decay as a Result of Soaking
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Table 2
Statistical significance using p-Values from a t-test

	t-test (96 total trials)
	p-value
	evaluation

	Water vs Pyridoxine HCl (Vit B6)
	2.43E-10
	< .05; null hypotheses rejected

	Water vs d-Pantothenol (Vit B5)
	NO Significance
	No significance

	Water vs Sodium Citrate
	NO Significance
	No significance

	Water vs Red Bull
	3.01E-05
	< .05; null hypotheses rejected

	Water vs Carbonated Water
	NO Significance
	No significance


After the teeth had soaked for two weeks the data showed the truth. Red Bull and Vitamin B6 both had 2.7 percent mass decrease. None of the other variables had any effect on the teeth. The null hypothesis was rejected; therefore it shows that there was one key ingredient that caused the teeth to decay and that was Vitamin B6.
Discussion
Analyzing the results shows that the research hypothesis was supported by the data collected in the experiment. If teeth were soaked in ingredients from Red Bull then the cause of tooth decay in Red Bull will be found. This hypothesis was proven true because the only ingredient that had an effect on the teeth out of Red Bull was Vitamin B6. The data showed that there was one key ingredient that caused tooth decay.

Pyridoxine HCL, D-pantothenol, sodium citrate, and carbonate were all the acids tested in Red Bull (the tooth decays quicker in energy drinks due to organic acids). The first three listed are all ingredients unique to Red Bull. Carbonated water was tested due to the suspicion of carbonic acid affecting tooth decay. Water was used as our control and Red Bull to prove its effect on tooth decay. It turns out that carbonated water had no to little cause on tooth decay with teeth weighing at an average of 1.56 grams before soaking and 1.56 grams after. Water of course had no effect at all on tooth decay; teeth averaged at 1.75 grams before and after. D-pantothenol and sodium citrate were much the same, with D-pantothenol at 1.56 grams before and after and sodium citrate at 1.57 grams before and after. Pyridoxide HCL was a different story averaging at 1.22 grams before and 1.19 grams after. Red Bull of course averaged at 1.92 grams before and 1.85 grams after.  Results showed that pyridoxine was the organic acid that contributed most to tooth decay.

The p value for the t-test, water versus Pyriodoxine HCL (B6), was 1.31*10^-7. This value was way less than .05 so it rejected the null hypothesis of the experiment; this is good! The only other p value of significance was of course the t-test, Red Bull versus water with a p value of 8*10^-5, rejecting the null hypothesis also. All other variables, carbonated, sodium citrate, and D-pantothenol had no significant effect on our teeth. 

One problem with the experiment was that all of the ingredients were not tested. Also, mixtures of the ingredients were not made. Also, heavy concentrates of each ingredient were used(sodium citrate, and D-pantothenol, and pyridoxine HCL) at .7728 grams of each ingredient in the form of a powder to every 500 milliliters of water in which it was mixed. No other way to do this was known because the amount of each ingredient in Red Bull is part of  their secret formula. These things would have made the data more specific and thorough. However, it didn’t have much effect on the experiment because the hypothesis was still supported(or rather, the null hypothesis was rejected).

Everyone has known for a while what causes tooth decay. It is just the build up of sugar that turns into plaque. “The caffeine and sugar in Red Bull is what is causing all of these cavities in our children today (Thomas).” Until a couple of years ago, people had no idea that energy drinks decay teeth eleven times faster than regular soft drinks. The results from this experiment showed that not only do sugar and caffeine cause cavities, but Pyridoxine HCL (vitamin B6) causes decay on teeth too. This organic acid was one major cause of tooth decay in Red Bull. The expected results were for the teeth in the Red Bull to decay, but there was no clue which other(s) variable would have an effect. 
Conclusion


The results of the data did support the hypothesis. The results supported that the main ingredient in Red Bull responsible for tooth decay was pyridoxine HCl or Vitamin B6. Its average decrease in mass of the teeth was 2.7 percent. This average decrease in mass was the exact same as the average decrease when teeth were soaked in Red Bull. It shows that nobody should point all of the blame at sugar and caffeine. In order to continue this project it would be beneficial to mix some of the key ingredients to make more specific conclusions. A mixture of some of these ingredients may have a greater effect than Vitamin B6 alone, or even eliminate its ability to decay.
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Appendix
(If you did a human subject study, include survey, memory test, bingo cards, etc. Anything you gave to each participant to fill out or do.

Any other type of project – this is an optional space. You may want to include diagrams here or even raw data if you’re really proud of all the trials you did(
If you data is pages and pages long, just show a sample.)
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Note:  This Rationale does an excellent job 1.  Hooking the audience in the introduction, discussing previous research and discussing problems with it, ending with the hypothesis, and using parenthetical citations to document sources





Needs work: need to discuss 4 organic acids – what they are and how they promote tooth decay;  probably should have a separate introductory paragraph instead of jumping into the content.
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