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SUMMARY OF PROJECT CONCLUSIONS

The Activation Energy for yeast was determined to be 55.23 +/- 10.32 KJ/mole or 13.212 +/- 2.46 kcal/mole as compared to the Class’ Activation Energy of 33.95 +/- 15.8 KJ/mole or 8.12 +/- 3.78 kcal/mole. The precision of the experiment was 18.7%, and the accuracy could not be determined as literature values range from 10-20 kcal/mole (3).  The growth rate constants at various temperatures were determined for the yeast.  These values were then plotted against temperature on a semi-logarithmic graph, and the relationship was determined using linear regression model.   The results indicate a significantly lower precision value than the class data (18.7 % as compared to 46.5%) and also are consistent with the sources growth phase activation energy of normal cells, which falls within 10 to 20 kcal/mole. Acquiring a better spectrophotometer and growing multiple samples of yeast at constant temperatures would improve the precision and accuracy of the value for activation energy of yeast.
OBJECTIVE: 

The objective of the project was to determine the activation energy for Fleischmann active dry yeast (Saccharomyces cerevisiae) with a precision of 20% (as determined by the 95% Confidence Interval).  By determining the activation energy of yeast, the relationship between growth rate constants and temperature will be observed.

SPECIFIC AIMS:

To achieve the objective, the growth rate constants at seven different temperatures (283K, 288 K, 293 K, 298 K, 305 K, 308 K, and 310 K) were determined. The growth rate constants were then graphed against their respective temperatures in order to obtain the experimental value for the activation energy of yeast. The project attempted to observe how the yeast responds to the change in temperature, and to see if it affected the yeast to go from high temperatures to low or vice versa. The pH of the media was observed as well to see if it remained constant throughout the experiment.
BACKGROUND INFORMATION (Bibliography in References Section) :
(1) Biology 5th Edition


The source is an introductory biology textbook that gives a general description of life processes and functions.  It is a relevant source for this experiment because it gives a general overview of activation energy pertaining to life (cellular life in particular) which gave us a greater understanding of what exactly occurred during the experiment.

(3) Basic Physical Chemistry for the Life Sciences 


Chapter 6 of this source gives a detailed background on how cells grow.  It gives both a biological and chemical rationale to the processes that occur.  This was a relevant source for our presentation because it exposed us to the fundamental biological and chemical process that occur to allow cells to grow.  By understanding the principles behind such concepts as the growth and lag phases and thermodynamic processes associated with these phases of microbial life, we were better able to understand what was occurring in the experiment.  We were also able to discover an acceptable activation energy growth range of 10-20 kcal/mole for most cells (including Baker’s yeast). 

(4) Yeast Information and Technique Resource


This source was a website gave basic facts about yeast (Saccharomyces cerevisiae) pertaining to its viable temperature range how changes in temperature affects its growth.  This is important for our experiment because it gives insight into the results obtained and how the experimental setup might have affected yeast growth.

THEORY AND METHOD OF CALCULATIONS
(2) Physical Chemistry, 3rd Ed

This source is the BE 223 Physical Chemistry textbook that gives important background on basic thermodynamic and chemical processes.  This textbook was a relevant source for our presentation because it exposed us to the fundamentals behind the Arrehenius' Equation (shown below).  This equation allows for the determination of the activation energy, which is the main objective of the experiment.

Arrehenius' Equation: K=Ae(-Ea/RT)
· K= growth rate constant (min-1)

· A= frequency factor (1 min-1)

· R= 8.314 (J/mol*K)    

· T= Temperature (K)

· Ea= Activation Energy (J/mol)
APPARATUS:

· Listed in Lab manual (Experiment 1, p. 3)
· 1000 (L micropipette 

· Set of micropipette disposable caps

· Standard alcohol thermometer

· Two 500-mL plastic bottles 

· 50 mL blue top centrifuge tube

· Magnetic stirrer

· Water bath circulator

· Model 925 pH meter 

METHODS, PROTOCOLS, AND PROCEDURES:

TASK LIST AND PROCEDURAL PROTOCOL:

Consult the BE 210 Laboratory Manual (Experiment 1: Cell Growth Kinetics, pp 4-6) for details on how to accomplish the following necessary tasks:

· Preparation of Growth Solution 

· Preparation and inoculation of yeast (Saccharomyces cerevisiae) culture

· Sterilization and setup of the PENNCELL apparatus 

· Calibration and Operation of the Spectrophotometer

· Sampling and Absorbance Reading procedure
The following tasks and their procedures have been added to this experiment:

Calibrating the Brookfield Unit

With the temperature probe of the Brookfield Unit submerged in the growth media in the PENNCELL, set the temperature on the Brookfield Unit to 35(C.  Concurrently, observe the temperature of the growth media using a standard alcohol thermometer and record the thermometer readings once the temperature has stabilized at about 35(C. Repeat the same procedure for each of the following temperature in descending order: 35(C, 32(C, 25(C, 20(C, 15(C, 10(C.  Use the discrepancy determined at each temperature condition between the Brookfield Unit temperature and the actual (thermometer) temperature, to set the Brookfield Unit to a temperature that correlates with each actual temperature condition of the PENNCELL growth media during the growth phase experiments.

Procedure for changing the temperature testing conditions

Set the initial temperature of the media to an actual temp. of 35(C, using the determined temperature discrepancies between the Brookfield and thermometer.  Lower the Brookfield temperature to correlate with an actual temp. of 32(C.  Observe the temperature of the growth media using the thermometer and wait for temperature to stabilize at 32(C.  (Using the previously determined temperature discrepancies should ensure that the growth media temp. would stabilize at 32(C.  However, if there is some deviation from the temperature condition, slightly adjust the Brookfield Unit temperature until the actual temperature of the media stabilizes at the test temperature condition.)  Immediately, start taking the necessary absorbance readings.  Proceed to adjust the Brookfield Unit to the next lower test temperature and repeat procedure.   Repeat procedure until lowest test temperature is reached and all the temperature conditions have been tested. 

Growth Phase Experimentation: Sample Absorbance Readings at Various temperatures

Inoculate the growth media 1 hour prior to experimentation at around 11 am.  At noon, add yeast culture to media and testing can immediately begin.  Calibrate  the spectrophotometer according to the Milton Roy Co. included in the appendix of the BE 210 Lab manual for Experiment 1.  Take absorbance readings of the media at that temperature, making sure to wait for 5 minutes between each sample reading.  MAKE SURE TO ZERO THE SPECTROPHOTOMETER BETWEEN EACH READING!  Take about 8 total readings at 5-minute intervals or until a growth rate constant can be determined from a preliminary semi logarithmic plot of absorbance vs. time.  Set the Brookfield Unit to the next lower temperature test condition and wait for the media to stabilize at the next testing condition using the procedure above for changing temp. testing conditions.  Again, take the necessary absorbance readings and repeat for each lower temp. testing condition.  Continue until all test temperatures for that week have been covered.  

Below is a timeline of all the temperature conditions tested for each week.  Some temperatures were tested more than once over the three weeks to improve the precision of the data and results:

	WEEK 10
	· Calibrated the temperature of the Brookfield Unit against actual thermometer temperature for each temp testing condition

· Practiced procedure for changing temperature testing conditions

· Prepared growth solution and stored in steamer for following week



	WEEK 11
	· TEMPERATURES TESTED:

305K, 308 K



	WEEK 12
	· TEMPERATURES TESTED:

298K, 293 K, 288 K



	WEEK 13
	· TEMPERATURES TESTED:

308 K, 288K



	WEEK 14
	· TEMPERATURES TESTED:

283K , 288K




NOTE:  For week 11-13, temperatures were tested in order from highest to lowest.  However, for week 14, the process was reversed so that temperatures were tested from lowest to highest.  This was conducted to test if the order to the temperature tested mattered.  Results showed no significant difference depending on the order of testing temperatures.  
RESULTS
Results of the class data are important, as they are the only definite comparison the project had (the growth phase range of 10-20 kcal/mole is not definite). The class’ data for the activation energy is shown below:
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Graph 3: Class Activation Energy (Arrehenius' Equation)

Graph 3 demonstrates the linear relationship between ln(k) and 1/T. The R squared value shows a fairly low correlation. In order to determine the precision for the class data, a linear regression analysis was performed and the table is located below:

	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Activation Energy for Class Data
	33948.24
	6982.295
	4.862046
	0.000893
	18153.18
	49743.3
	18153.18
	49743.3


Table 3: Linear Regression Analysis of Class Data

The class data reported the value for the activation energy of yeast to be 33.95 +/- 15.8 KJ/mole, indicating a precision of 46.5%, which is a low precision. The goal of the project was to get the precision under 20%.  Analysis of the class data was used as a guide for the experiment.  The results of this project are shown in the following data.

The graph of the Ln (absorbance) verses time, to demonstrate change in growth rate constant at each temperature is shown below:
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Graph 1: 

Experimental Ln (Absorbance) vs. Time Graph

The graph indicates that the growth rate constant changes as a function of temperature consistently. Below is a list of the calculated growth rate constants with their respective temperatures to demonstrate this point further.

	Temp (K)
	k (growth constant) sec-1
	R^2

	310
	0.0033
	0.9782

	308
	0.0035
	0.8983

	308
	0.0026
	0.8915

	305
	0.0034
	0.9912

	298
	0.0018
	0.9551

	293
	0.0011
	0.9934

	288
	0.0008
	0.9954

	288
	0.0009
	0.9055

	283
	0.0006
	0.9653

	283
	0.0004
	0.8793


Table 1: Growth Constants verses temperature

The high correlation of the regression fit line indicates accurate data. The graph below demonstrates the nature of this temperature and growth rate constant relationship:
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Graph 2: ln(k)*-R verses 1/T (Arrehenius Equation)

Graph 2 shows the linear relationship between ln(k) and 1/T. To demonstrate the high correlation of this graph, a linear regression analysis was performed and the table is located below:
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Activation Energy
	55228.06
	4474.932
	12.34166
	1.73E-06
	44908.85
	65547.28
	44908.85
	65547.28


Table 2: Linear Regression Analysis

The Activation Energy of yeast was determined to be 55.228 +/- 10.32 KJ/mole from this experiment. The 95% CI corresponds to an 18.7% precision, which is more reliable than the 46.5% precision of the class data. The two different values for activation energy were not within their 95% confidence intervals, indicating significant statistical difference in their values.

DISCUSSION & ANALYSIS


As the data shows, the activation energy obtained for the experiment was 55.228 ± 10.32 KJ/mole or 13.212 ± 2.47 kcal/mole.  This data correlates to a precision of 18.7%, which was within the 20% precision range targeted at the beginning of the experiment.  This value for the activation energy of Baker’s Yeast, falls within the range of literature values for the activation energy for normal cells, which is 10-20 kcal/mole (3).  Since the value for the experimental activation energy fell within the growth phase range, one can conclude that the yeast in this experiment had an activation energy that one would expect to find in a normal cell.  


The activation energy of yeast can be described as modeling a simple chemical reaction as follows:

Y2 -k> Y + Y (2)

While Baker’s yeast is a fungus and therefore cannot fully be described by a chemical system, the model works well for the discussion of activation energy and its relevance. “In order to break the bonds of the parent cell during the division process for reproduction, energy must be absorbed (2)”. This energy is called the activation energy and though the yeast cell is not as simple as a single molecule, the same rules apply (1). The yeast cell must absorb energy to reproduce itself and the smaller yeast particles are at a lower energy state than the mother cell (2). The growth rate constant, k, determines the rate of the reaction, but it is not at all constant. The k value depends on temperature, as was the most important variable in the project.  The yeast was assumed to follow a first order growth rate constant resulting in exponential increase in population as a function of time. The R2  values (no lower than .89) and the linear regression analysis of the ln(A) verses time graph indicate that these assumptions were correct. 

The project’s results indicated that the growth rate constant depends on temperature. The reason it depends on temperature is because as the temperature increases, the collision of the particles increases, which increases the probability of reaction. Arrehenius’ equation was not meant for biological systems, but as seen by the high precision of 18.7%, it has been shown to be fairly accurate for yeast in this experiment. This makes sense as yeast can be broken down into chemical units. The nature and number of the exact bonds that are broken during yeast reproduction were not covered in the project and therefore should be the object of future research.
When compared to the class data, the experimental activation energy value of 55.228 ± 10.32 KJ/mole (13.212 ± 2.47 kcal/mole) differs significantly from the hypothesized value of 33.95 ± 15.8 KJ/mole (8.12 ± 3.78 kcal/mole).  This can be seen by the fact that the activation energy obtained from the experimental data correlates to a 62.7% accuracy as compared to the class data, and the value for the experimental activation energy does not fall within the 95% confidence limits of the hypothesized class data.  However, the class data cannot be considered as good comparison as the activation energy growth range(1) as there is much discrepancy between values for similar temperatures.  As seen by Table A-1 in the appendix, the growth rate constants for the temperatures 298 K, 305 K, and 310 K differ significantly (between 20.4 and 69.7% precision). This is reflected in the fact that the class data had a 46.5 % precision.  A possible explanation for this poor precision is that twelve different groups’ data were used to formulate the so-called “class data”.  Since the error associated with each group is unknown, a great deal of uncertainty can be associated with the overall class data, thus it cannot be used as an accurate comparison to this experiment (where the number of possible errors is much less).  Yet, while this data may not be a relevant comparison to the experimental data, it was used as a guide during the experiment in order to generally determine if the results obtained were valid.  This procedure worked quite well as the activation energy obtained fell within the acceptable range of the growth phase for “normal cells” (3).   

A possible explanation for the error seen in this experiment could be due to the fact that changing the temperature of yeast during growth phase altered the life cycle of yeast.   As read in a previous source (4) “Fluctuations in temperature such as cooling and warming from night to day can adversely affect yeast performance,” and this was seen in our experiment. When the temperature is kept constant, the yeast grow at a steady rate and do not experience the death phase during the 6 hour lab session.  However, during the four weeks that this experiment was performed the yeast died 4 hours into the lab session due to the fluctuations in temperatures in this experiment.  A conclusion that can be made from this is that changing the temperature of the yeast media affects the life cycle of yeast. 

There were many other sources of error in this experiment as well.  One cause of the uncertainty associated with our experimental value was the limitation of the spectrophotometer.  It was determined that the spectrophotometer absorbance readings had an uncertainty of about .03.  This was determined by taking the absorbance of the same sample many times(making sure to zero out in between readings) and discovering that the absorbance value for the same sample often fluctuated +/- .03.   Our absorbance values ranged from 0.5 to 1.5, which means that this limitation in equipment contributes  2-6% error in our absorbance readings for our samples.  The uncertainty in our samples with lower absorbencies is greater than the uncertainty associated with our higher absorbance samples.  

Another error was the nonhomogeneity of our samples.  This factor was determined to be significant in contributing error, as two samples drawn from the PENNCELL would differ in absorbance by +/- .05.  This error cannot be corrected for due to the fact that settling of the yeast occurs the instant a sample is withdrawn from the PENNCELL, no matter how rapidly the absorbance of the sample is read.  As stated before, the absorbance readings for the sample ranged from .5 to 1.5, so that this error contributed 3-10% uncertainty with our absorbance values.  


Another error was pH change that occurred during the progression of the experiment. The pH dropped from an initial value of 6.0 to 5.2 towards the end of experimentation.   There is also innate error attributed with using a biological specimen (Baker’s yeast) whose growth behavior will vary beyond the control of this lab. 


Improvements to this lab could include using a more precise spectrophotometer that is less sporadic. This would contribute less uncertainty to the absorbance values.  Another source of error with the spectrophotometer was “maxing” it with any specimen which exhibited a value greater than 2.00.  At absorbance readings approaching and exceeding 2.0, the error increased.  A method of preventing this would be to use the original growth media (prior to the addition of the yeast) as our zero specimen rather than de-ionized water.  Since absorbance readings are relative to the base sample used, this would prevent the absorbance readings from approaching 2.0.


An observation made during this experiment was that yeast reacted negatively to the rapid changes in temperatures in this lab.  They would often die prematurely after only 4 hours as opposed to the regular 6 hours.  This premature death, which prevents the acquiring of sufficient and precise data, can be prevented by setting up multiple PENCELL apparati with yeast growing at different temperatures in each PENCELL.  The consequence of this however, is that it is more expensive to perform.  

CONCLUSIONS

1. The Activation Energy for Baker’s yeast was determined to be 55.23 +/- 10.32 KJ/mole. 
2. Arrehenius’ equation modeled yeast growth rate constants with a precision of 18.7%, which was under the project’s objective of 20%.
3. The Activation Energy for Baker’s yeast in this experiment fell within the “normal” cell activation energy range of 10-20 kcal/mole.
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APPENDIX

	Temperature (K)
	Exponential Growth Rate Constant (min-1)
	( 95% Confidence Limit (min-1)

	298
	0.00215
	0.000168

	298
	0.00160
	0.000120

	310
	0.00304
	0.000130

	310
	0.00386
	0.000530

	303
	0.00271
	0.000130

	303
	0.00260
	0.000082

	305
	0.00330
	0.000180

	305
	0.00280
	0.000140

	308
	0.00271
	0.000038

	310
	0.00340
	0.000253

	310
	0.00305
	0.000134


Table A1: Class data for growth rate constants
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		Temp		growth rate Constant

		42		Did not grow						T		1/T (1/K)		K		ln K

		37		0.0033						10		0.0035335689		0.0004		65.0491185343

		35		0.0033		0.0026				10		0.0034722222		0.0006		61.6780816254

		32		0.0034						15		0.0034722222		0.0008		59.2862928751

		30		Did not grow						15		0.0034722222		0.0009		58.3070447166

		25		0.0018						20		0.0034129693		0.0011		56.6386685546

		20		0.0011						25		0.0033557047		0.0018		52.5442190575

		15		0.0008		0.0009				32		0.0032786885		0.0034		47.256608451

		10		0.0006		0.0004				35		0.0032467532		0.0026		49.4869552355

										35		0.0032467532		0.0033		47.5048059866

										37		0.0032258065		0.0033		47.5048059866

		Week 11																Week 12

		35 C		60		1.46		0.3784364357												155		0.542		-0.6124892775				37 C

				65		1.42		0.3506568716										25 C		160		0.546		-0.6051363032				0		0.812		-0.2082549388

				70		1.5		0.4054651081												165		0.552		-0.5942072327				5		0.83		-0.1863295782

				75		1.52		0.4187103349												170		0.554		-0.5905905922				10		0.84		-0.1743533871

				80		1.5		0.4054651081												175		0.562		-0.5762534291				15		0.85		-0.1625189295

				85		1.54		0.4317824164												180		0.566		-0.5691612008				20		0.855		-0.15665381

				90		1.6		0.4700036292																				25		0.88		-0.1278333715

				95		1.62		0.4824261492																				30		0.885		-0.122167634

				100		1.66		0.5068176024																				35		0.9		-0.1053605157

																												40		0.915		-0.0888312137

		32 C		110		1.7		0.5306282511																				45		0.945		-0.0565703515

				115		1.72		0.5423242908										20 C		185		0.498		-0.697155202				50		0.965		-0.0356271776

				120		1.76		0.5653138091												190		0.5		-0.6931471806

				125		1.8		0.5877866649												195		0.502		-0.6891551593

				130		1.81		0.5933268453												200		0.506		-0.6812186097

				135		1.85		0.6151856391												205		0.508		-0.6772738314

				145		1.9		0.6418538862												210		0.511		-0.6713856888

				150		1.95		0.6678293726												215		0.514		-0.6655320135

																		15 C		225		0.608		-0.497580397

																				230		0.61		-0.4942963218
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