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SUMMARY OF PROJECT

The effect of pH of the extracellular growth medium on the growth rate of Saccharomyces cerevisiae (Bakers’ yeast) was explored in this project. The yeast was grown in an aerobic batch culture with Difco Bacto YPD Broth as the growth medium at a temperature of 37°C.  The pH of the extracellular medium was regulated using a manual “pH pump” by the addition of 1M HCl or NaOH.  Six targeted pH values ranging from 3-8 were chosen and the extracellular medium was kept at that targeted pH value + 0.1 pH units.  Growth rate constants for each targeted pH value were determined to be 0.00602 min-1 (pH =3), 0.00251 min-1 (pH =4), 0.00298 min-1 (pH = 5), 0.00228 min-1 (pH=6), 0.00246 min-1 (pH=7) and 0.002652 min-1 (pH =8). Statistical analysis using t-tests on the linear regression for growth rate constants vs. pH shows no significant difference between the data points, indicating that extracellular pH has no effect on the growth rate of the yeast cells.  This conclusion is also strengthened by the 95% confidence intervals for pH levels of 4, 5, 6, 7, and 8 that overlap with each other.  Interesting phenomena occurred at the pH extremes.  At the pH of 3, the growth rate constant was twice as high as the other pH levels and a significant drop in absorbance occurred upon the addition of HCl that could not be attributed solely to the dilution factor.  At the pH of 8, absorbance values showed a sequential decrease after reaching a peak, indicative of the death phase.   
OBJECTIVES


The main objective of this project was to determine the relationship between the growth rate of Fleischmann’s active dry yeast (Saccharomyces cerevisiae), and the pH of the extracelluar medium. By determining the growth rate constants at varying targeted pH levels, the relationship between logarithmic yeast growth and extracellular pH can be determined. 


To achieve this objective, targeted pH values for the extracelluar medium were attained through the use of a manual “pH pump” that added 1M HCl and/or 1M NaOH as necessary. Through literature, it was realized that yeast can grow at a pH range of 2-8, therefore, with 6 trials total, a pH range of 3-8 was tested. At each targeted pH value, during the logarithmic growth phase, absorbance values were taken every five minutes and a plot of ln (absorbance) versus time was made. From the slope of these plots, the growth rate constants of Saccharomyces cerevisiae at the observed pH values were determined and analyzed for a possible relationship.


Literature claims that the growth rate is a function of the pH of the medium. Therefore growth rate constants should vary at varying pH values and not produce an exponential curve. For that reason, it was hypothesized that the growth of yeast cells is dependent on the pH of the extraceullar medium and that Saccharomyces cerevisiae will have an optimum pH at which growth is maximized (pH levels between 4 and 6).  

BACKGROUND

Yeasts are single-celled fungi that usually inhabit liquid or moist environments and primarily reproduce by either budding or simple cell division.  Humans have used yeasts for thousands of years in bread-making processes and alcoholic fermentations.  In the past few decades, yeasts have become increasingly popular for their use in molecular and genetic experimentation because of the ease with which they are manipulated and grown in culture (1).  The most important and well-known yeast is Saccharomyces cerevisiae, which is available as many strains of baker’s and brewer’s yeast.  

Yeasts have the capability of growing either aerobically or anaerobically in culture.  Ethanol, a byproduct of anaerobic respiration, is used in brewing and in wine making.  Yeasts undergoing aerobic respiration create carbon dioxide, which is used in bread making for leavening the bread.  In both processes yeasts use glycolysis as a mechanism to extract energy from glucose.  However, it is only in aerobic conditions that respiration continues to the Krebs cycle; in anaerobic growth, the yeasts generate energy by a substrate-level phosphorylation process (1).  Yeast aerobic respiration is more efficient than anaerobic respiration in that the yeasts would have to consume sugar at a much faster rate when fermenting than when respiring.  Yeasts and other organisms that can generate enough energy to survive by either anaerobic fermentation or aerobic respiration are called facultative anaerobes.              

In either process, respiration involves an electron transport chain.  Ions can accumulate in the cytosol.  The yeast cell’s plasma membrane functions as the ion regulator in yeast: through various carrier-mediated import/export systems it can pump out protons against or with the pH gradient, it can passively exchange ions through cofactors, and it can allow simple diffusion (2).  However, the exact mechanism of any of the H+ transport systems is not known.  Energy is a requirement in some of these processes, while concentration gradients drive some transport mechanisms.  The purpose of the membrane is to allow the yeast cell to maintain a relatively homeostatic intracellular environment even in the presence of a fluctuating or adverse extracellular environment.  Most of the intracellular yeast enzymes are pH-dependent, and either cannot function or denature if the pH is not within a specific range.      

Saccharomyces cerevisiae is capable of growing in relatively large pH range, from a pH of 2 up to around 8.  Arnold claims that intracellular pH is relatively constant, and the difference between internal and external pH is only abolished at the extremes of the growth range when the plasma membrane and other structures are compromised (3).     Most of the available literature claims that the growth of S. cerevisiae is dependent upon the pH of the extracellular media, and the optimum growth rate will usually occur around a pH of 5.  

THEORY/METHODS OF CALCULATION

The methods of calculation for this experiment are the same as those outlined in Experiment 1: “Cell Growth Kinetics” in the BE 210 Spring 2002 Lab Manual.

MATERIALS, APPARATUS, PROTOCOLS, AND METHODS

Materials/Apparatus:

· PENNCELL culture apparatus

· Milton-Roy Spectronic 20D Spectrophotometer

· Fisher Accumet Model 625 pH meter and buffers

· All American Electric Pressure Steam Sterilizer Model 25X
· Fleischmann's Active Dry Yeast (Saccharomyces cerevisiae)
· Sterile Growth Solution (Difco Bacto YPD Broth #0428-17-5)

· HCl and NaOH pumps (manual) - 2x 50 mL burettes (+/- 0.05 mL), burette stand.

· Beckman Coulter Z1 particle counter 

pH Pump:


In order to maintain a constant pH for the extracellular medium, a “pH pump” was constructed.  This “pH pump” apparatus was constructed using two titration burettes (one for 1M HCl and the other for 1M NaOH solutions), each connected to a truncated 1 ml pipette that was inserted into the testing medium. The pipettes were positioned in the PENNCELL apparatus using a two-holed cork. The tips of the pipettes were positioned just deep enough to reach the middle of the testing medium.  With two burettes, acid or base can be added as needed to maintain and/or raise/lower the pH as necessary.

Protocol Standards:
All experiments were conducted under the following conditions:
· Temperature : 37°C

· Absorbance: 550 nm

· Air flow-rate: 0.75 SLPM (Standard Liters per minute)
· Sterilized growth media and apparatus  
· Stirrer: 200 RPM
Procedure:

Week 1 (3/27/02):

Yeast cells were allowed to reach logarithmic phase, without externally controlling the pH during the lag phase. Absorbance values of the cell sample were recorded every five minutes at a wavelength of 550nm.
 (The same procedure was used as outlined in Experiment #1 of the BE 210 Spring 2002 Lab Manual “Cell Growth Kinetics”). When logarithmic growth was observed, HCl (1M) and NaOH (1M) pumps were used to regulate the extracellular pH. Data was collected at a particular pH value for approximately 2.25 hours, while checking temperature and air rate settings periodically. 

For week one, two separate batches of yeast were tested in extracellular medium kept constant at two different pH values. For the first batch, the targeted pH value was 3. After the yeast was tested at a constant pH of 3, all apparatus was disassembled, washed/cleaned with distilled water, and reassembled for the second target pH value of 4.

Week 2 (4/3/02):

The same procedure for Week 1 was performed for Week 2 with different targeted pH values. The targeted pH values for Week 2 were 5 and 6.

Week 3 (4/10/02):

The same procedure for Week 1 and Week 2 was performed for Week 3 with different targeted pH values. The targeted pH values for Week 3 were 7 and 8.
RESULTS


In this experiment, an effort was made to keep the pH level constant for each targeted pH.  However it is difficult to stabilize pH level at that same targeted pH without fluctuations due to protons pumped from each yeast cell affecting the surrounding environment. The following table is a summary of each targeted pH level and its actual averaged pH value, along with corresponding standard deviations and 95% confidence intervals.

Table 1: Table of targeted constant pH level and its actual average measured pH level.

	pH
	Average
	Standard Deviation
	MIN
	MAX
	95% Confidence Intervals

	3
	2.999
	0.0252
	2.960
	3.057
	+0.0675

	4
	3.979
	0.0402
	3.916
	4.048
	+0.166

	5
	5.001
	0.0438
	4.931
	5.063
	+0.152

	6
	5.999
	0.0358
	5.925
	6.051
	+0.145

	7
	6.962
	0.0386
	6.901
	7.043
	+0.139

	8
	7.968
	0.0362
	7.903
	8.010
	0.152


Table 1: The actual pH level of the surrounding media was not kept at the targeted constant pH level due to unavoidable fluctuations; however, as the table above indicates, the actual average pH values were within the 95% confidence intervals of the targeted pH .


The pH level of the extracellular medium was kept at a target value through the addition of HCl or NaOH as needed.  Once the cells reached the log phase of growth, an initial amount of HCl or NaOH was added to target the pH level, the amount of which is listed in Table 2 below.  In order to keep this pH level throughout the log phase, additional HCl and NaOH was added over time.  The total amount of base and/or acid added to the medium after the initial control of the pH is also listed in Table 2.  Notice that as pH increases, the amount of NaOH needed to control pH also increases.

Table 2: Amount of HCl and NaOH Added at Each Target pH

	pH
	
	3
	4
	5
	6
	7
	8

	
	
	
	
	
	
	
	

	Initial HCl added (mL)
	37.3
	16.5
	6.5
	0
	0
	0

	HCl added (mL)
	5.5
	5.5
	0
	0
	0
	0

	Initial NaOH added (mL)
	0
	0
	0
	2
	8
	20.5

	NaOH added (mL)
	3.1
	4.5
	4.7
	3.5
	6.5
	16.5


Table 2: Lists the amount of HCl and NaOH added to keep the extracellular pH at the target level.  All amounts are in mL.

pH levels were kept constant at six different targeted values (pH 3 to pH 8). For each of the six pH values, absorbance values were measured at five minute intervals of the logarithmic phase and the growth constants were determined. Growth rate constant values were determined from the linear regression of a plot of ln(absorbance) versus time. The following table lists the growth rate constants along with their corresponding upper and lower 95% confidence limits.

Table 3: Table of Growth Rate Constants and Confidence Intervals

	pH
	Growth Constant (1/min)
	Upper 95% Confidence
	Lower 95% Confidence
	Doubling time (min)

	3
	0.00602
	0.00653
	0.00550
	115.14

	4
	0.00251
	0.00287
	0.00215
	276.26

	5
	0.00298
	0.00305
	0.00290
	232.68

	6
	0.00228
	0.00239
	0.00217
	303.88

	7
	0.00246
	0.00262
	0.00230
	281.20

	8
	0.00265
	0.00312
	0.00218
	261.37


Table 3: Growth rate constants for the pH range of 3-8 with corresponding 95% confidence intervals.

To better visualize the differences between each extracellular pH and their corresponding growth rate constants, a plot of growth rate constant versus pH was created, as shown below in Figure 1.

Figure 1: Growth Rate Constant vs. pH of Extracellular Medium
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Figure 1: Shows the relation between growth constant and the pH of the extracellular medium. 95% confidence intervals are shown by error bars.

Looking at each growth curve, at pH levels 4, 5, 6, and 7, an expected growth curve for the logarithmic phase was observed. Figure 2, below, illustrates the growth curve plot (absorbance versus time) for pH levels 4, 5, 6 and 7. 

Figure 2: Absorbance vs. Time for pH 4, 5, 6, and 7
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Figure 2: Absorbance vs. Time for pH levels 4, 5, 6, and 7, showing lag and log growth phases.

However, at pH levels of 3 and 8, an unexpected growth curve was observed. At a pH equal to 3, a growth rate constant that is much greater in magnitude than any other measured rate was observed following a large drop in the absorbance value (discussed further in analysis).  Figure 3 below illustrates the growth curve plot (absorbance versus time) at a pH level of 3.

Figure 3: Absorbance vs. Time at pH of 3
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Figure 3 illustrates trial 1 at a pH of 3. Lag phase and logarithmic phase are indicated.

At a pH level of 8, a shortened logarithmic growth phase was observed, as well as the stationary and death phases. Figure 4 illustrates the growth curve (absorbance vs. time) at a pH level of 8. 

Figure 4: Absorbance vs. Time pH of 8
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Figure 4: Absorbance vs. Time for a pH level of 8.  Lag, log, stationary, and death phases are observed.
ANALYSIS


 Statistical analysis on the linear regression for Growth Rate Constant vs. pH (Figure 1) show no significant difference between the data points.  The 95% confidence intervals for pH levels of 4, 5, 6, 7, and 8 overlap with other pH points.  Also, through excel linear regression analysis, p-values and t-statistics were calculated for the graph, one analysis including the pH of 3 data and one excluding this point (see Appendix).  The p-value for the regression which includes a point for a pH of 3 is 0.1513, while the p-value for the regression excluding this point is 0.8245.  Both p-values are greater than 0.05, indicating with 95% confidence that the y-values for both regressions are not explained by the x-values (the regression is not significant).  Further statistical analysis again confirms this conclusion.  T-tests were performed again for two regressions, one including the pH of 3 and one excluding this point.  The absolute value for the t-statistics are 1.771 and 0.242 for regressions with and without pH of 3, respectively, both being less than the t-critical values of 2.01 (degrees of freedom=5) and 2.132 (degrees of freedom=4).  Again, this test confirms that the slope of the regression is not significantly greater than zero, showing no correlation between the data points.  From these analyses of the regression, it is concluded that the growth rate constants at varying pH’s (between 3 and 8) are not significantly different and therefore the growth rate is not affected by the pH of the extracellular medium.  

A targeted constant pH level was necessary for each growth trial (controlled only during the log phase of growth).  Although this pH level fluctuated during the trials, it was maintained to within +0.1.  As displayed in Table 1, the averaged measured pH levels all had standard deviations that were less than 1% of the actual value.  Also, since the 95% confidence levels of each measured value fell within the targeted pH range, the measured values have no significant difference to the projected value.  Therefore, the control of pH is not considered to be a significant source of error to this experiment.


Table 2 shows the initial and subsequent amounts of 1M HCl or NaOH that was added to the media in order to maintain the pH in the target range.  Ostensibly, HCl was used to lower the pH of the media and NaOH was used to raise the pH.  For the lower ranges (3-5), HCl was used to lower the pH initially; while the yeast cells grew, NaOH also needed to be added because the yeast cells seemed to constantly lower the pH of the media.  This behavior has been documented by Arnold, where yeast cells growing in a glucose-based medium continue to lower the extracellular pH until it reaches about 3.5 (2).  As the pH became more basic (in the 6-8 range), the amount of NaOH needed to maintain the target pH also increased with the greatest amount added occurring the basic extreme of 8.  This seems to indicate that, although the growth rate constant did not change at different pH values, the yeasts responded in a different way on the cellular level as the extracellular pH varied.  Changing the extracellular pH elicited a differing reaction in the yeast cells.

The Absorbance vs. Time graph for a pH of 8 (Figure 4), unlike the graphs for other pH’s, shows a shortened log phase, followed by stationary and death phases.  One possible explanation for the shortened log phase is connected to the energy requirements of the yeast cells.  Literature claims that yeast can grow within a pH range of 2-8 (3).  The pH of 8 approaches the most extreme basic environment that the yeasts can handle.  Therefore, the cells first priority is survival in the harsh environment, devoting a greater amount of energy to maintaining homeostasis than to cellular division (4).  Energy sources are depleted faster at this pH level, and so the yeast reaches the stationary and death phases much quicker.  With energy and nutrient sources depleted, the cells begin to die and settle to the bottom of PennCELL or lyse.  Both consequences result in a drop in absorbance values, as indicated in the graph.  

The Absorbance vs. Time graph for a pH of 3 (Figure 3) shows a greater slope (higher growth rate constant) than the other trials.  The reason for this result is unclear, although one explanation for this involves the addition of a significant amount (37.3 mL) of HCl in order to lower the pH.  The pH drop of the growth media was significant enough to damage the yeast cells, possibly causing cell death.  As cells lyse, other living yeast cells can use the lysis products as nutrients to fuel growth (4).  This may have promoted a greater growth of cells with an additional food source available.  Although this explanation may have been one factor contributing to this observed higher growth rate constant, it is not plausible that this is the only mechanism to cause the great difference between this rate and those at other pH levels.

A significant drop in absorbance was observed at a pH of 3 at the point in which pH was controlled (HCl was added).  Some of this absorbance drop could be accounted for by pure dilution upon the addition of 37.3 mL of HCl; however, simple calculations show that this would have brought absorbance down to only 0.816 and is clearly not the sole cause of the drop. Another possible reason was explored by measuring the absorbance of the growth media (not containing yeast cells) at various pH levels by adding subsequent amounts of HCl or NaOH.  As shown in Table 4 (Appendix), the absorbance of the media has a significant rise to 0.738 at a pH of 3.  At a pH of 6.236, the initial pH of the media without yeast cells, the absorbance was only 0.081.  Although absorbance readings are affected, the slope of the ln(absorbance) vs. time curve is not changed since each absorbance value at every time interval is raised/lowered by the same amount.  So, this change in absorbance of the growth media probably did not contribute any error to the measurement of the growth rate constant.  In order to prevent such gaps in absorbance readings, it is recommended that in future experiments the spectrophotometer is zeroed with a blank made of growth media that is kept at the same target pH value as the extracellular medium of the PennCELL.  The pH level of the blank should be controlled through the addition of HCl or NaOH.

Another recommendation for an improved experiment is a more efficient method of yeast growth.  Sterilized 500 mL beakers may be used in place of the PennCELL apparatus, each growing yeast at a constant pH level.  The pH level can be kept constant through the use of a buffered solution in which the cells grow.  The oxygen level must be monitored carefully if yeast are grown aerobically.  With this method, several different yeast batches may be grown at the same time, as opposed to our method which only allowed 2 growth trials per experiment day using the PennCELL apparatus.

CONCLUSIONS

1) The pH of the extracellular growth medium has no effect on the aerobic growth of yeast at a pH range of 3-8.
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APPENDIX

Table 4 below displays the results from testing growth media at various pH levels.  The spectrophotometer was first zeroed with a cuvette of DI water.  The absorbance of the various growth media at specific pH levels was then measured.  The target pH was achieved by the addition of HCl or NaOH.  Notice the significant increase in absorbance at a target pH of 3.

Table 4: Absorbance of Growth Media at Various pH Levels

	pH
	A

	water
	0

	3.001
	0.738

	6.236
	0.088

	8.001
	0.081


Excel linear regression analysis performed for Growth Rate Constant vs. pH graph (Figure 1).  The first table includes the growth constant at a pH of 3, while the second table does not include this data point.

Including Rate Constant at pH of 3:

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

	Intercept
	0.005928
	0.001642
	3.610503
	0.0225
	0.001369
	0.010486

	X Variable 1
	-0.0005
	0.000285
	-1.77092
	0.1513
	-0.0013
	0.000287


Excluding Rate Constant at a pH of 3:

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

	Intercept
	0.002714
	0.000581
	4.668464
	0.018556
	0.000864
	0.004564

	X Variable 1
	-2.3E-05
	9.43E-05
	-0.24176
	0.824547
	-0.00032
	0.000277
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pH=3

		

														V(ml)

				Trial		Time(min)		A		Ln(A/A0)		pH		NaOH		HCl

				0		0		0				6.04		0		0

				1		5		0.794				5.983

				2		10		0.726				6.129

				3		15		0.79				6.177

				4		20		0.795				6.13

				5		25		0.798				6.049

				6		30		0.815				5.997

				7		35		0.835				5.933

				8		40		0.84				5.879

		pH was controlled starting right after this trial		9		45		0.85				5.822

				10		50		0.85				3.024				37.3

				11		55		0.684		0		3.035

				12		60		0.7		0.0231224174		3.029				2.6

				13		65		0.692		0.011628038		3.057

				14		70		0.696		0.0173917427		3.008				2.9

				15		75		0.724		0.0568334748		3.018

				16		80		0.748		0.0894450604		3.009

				17		85		0.788		0.1415401722		3

				18		90		0.792		0.1466034742		2.988

				19		95		0.855		0.2231435513		2.979

				20		100		0.875		0.2462659687		2.976

				21		105		0.905		0.2799770261		2.975

				22		110		0.935		0.3125886117		2.971

				23		115		0.955		0.3337534229		2.96		3.1

				24		120		0.985		0.3646837235		3.018

				25		125		0.995		0.3747848195		3.006

				26		130		1.005		0.3847849029		2.987

				27		135		1.03		0.4093561636		2.986

				28		140		1.06		0.4380662695		2.978

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.6803137889

												R Square		0.4628268513

												Adjusted R Square		0.4312284308

												Standard Error		0.0193056561

												Observations		19

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0054591158		0.0054591158		14.6471514676		0.0013489225

												Residual		17		0.0063360421		0.0003727084

												Total		18		0.0117951579

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

												Intercept		3.0590105263		0.0159895233		191.3134281643		8.86853170921356E-30		3.0252755338		3.0927455189

												X Variable 1		-0.0006189474		0.000161725		-3.8271597128		0.0013489225		-0.0009601577		-0.000277737
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pH=5

		

																V(ml)

						Trial		Time(min)		A		Ln		pH		NaOH		HCl

						0		0		0				6.089

						1		5		0.738				6.012

						2		10		0.766				6.016

						3		15		0.778				5.97

						4		20		0.784				5.936

						5		25		0.78				5.893

						6		30		0.796				5.853

						7		35		0.8				5.803

						8		40		0.812				5.772

						9		45		0.825				5.732

						10		50		0.83				5.698

						11		55		0.85		0		3.916				16.5

						12		60		0.845		-0.0058997221		4.005		2.5

						13		65		0.885		0.0403512955		4.028

						14		70		0.875		0.0289875369		4.048

						15		75		0.885		0.0403512955		4.006				5.5

						16		80		0.89		0.0459851132		3.99

						17		85		0.905		0.0626985942		3.967

						18		90		0.91		0.06820825		3.943		2

						19		95		0.915		0.0736877158		4.024

						20		100		0.925		0.084557388		4.013

						21		105		0.935		0.0953101798		3.991

						22		110		0.97		0.132059722		3.975

						23		115		0.985		0.1474052917		3.961

						24		120		1.01		0.1724692604		3.955

						25		125		1.015		0.177407542		3.934

						26		130		1.055		0.2160596964		3.916

						27		135				0

						28		140				0

						29		145				0

						30		150				0

						31		155				0

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.4349753514

												R Square		0.1892035563

												Adjusted R Square		0.1312895246

												Standard Error		0.0375357505

												Observations		16

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0046029441		0.0046029441		3.2669726277		0.092217666

												Residual		14		0.0197250559		0.0014089326

												Total		15		0.024328

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

												Intercept		4.0475691176		0.0388112698		104.2885000739		1.21631864211481E-21		3.9643271487		4.1308110866		3.9643271487		4.1308110866

												X Variable 1		-0.0007358824		0.0004071324		-1.8074768678		0.092217666		-0.0016090952		0.0001373305		-0.0016090952		0.0001373305
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pH=7

		

				Time		Absorbance		Ln(Absorbance)		pH		HCl added		NaOH added

		12:15		0		0		0		6.457

				5		0.756		-0.2797139028		6.147

				10		0.754		-0.282362911		6.139

		30		15		0.748		-0.290352301		6.106

		35		20		0.754		-0.282362911		6.046

		40		25		0.752		-0.285018955		5.994

		45		30		0.762		-0.2718087233		5.95

		50		35		0.77		-0.2613647641		5.971

		55		40		0.782		-0.2459005384		6.046

		1:00		45		0.79		-0.2357223335		6.053

		5		50		0.796		-0.2281560931		5.003		6.5

		10		55		0.808		-0.2131932205		5.02

		15		60		0.815		-0.2045671657		5.013

		20		65		0.83		-0.1863295782		5.001

		25		70		0.84		-0.1743533871		4.983

		30		75		0.85		-0.1625189295		4.963

		35		80		0.87		-0.1392620673		4.936				0.7

		40		85		0.885		-0.122167634		4.938

		45		90		0.9		-0.1053605157		4.931				2.5

		50		95		0.91		-0.0943106795		5.031

		55		100		0.92		-0.0833816089		5.013

		2:00		105		0.94		-0.0618754037		4.976

		5		110		0.95		-0.0512932944		4.952				1.5

		10		115		0.97		-0.0304592075		5.053

		15		120		0.98		-0.0202027073		5.063

		20		125		0.99		-0.0100503359		5.059

		25		130		1.005		0.0049875415		5.049

		30		135		1.02		0.0198026273		5.033

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.4150346804

												R Square		0.1722537859

												Adjusted R Square		0.1205196476

												Standard Error		0.0411183718

												Observations		18

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0056294164		0.0056294164		3.3295961108		0.0867720831

												Residual		16		0.027051528		0.0016907205

												Total		17		0.0326809444

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

												Intercept		4.9378840729		0.0358922149		137.5753514119		5.08903758661738E-26		4.8617959936		5.0139721522		4.8617959936		5.0139721522

												X Variable 1		0.0006817337		0.0003736104		1.8247180908		0.0867720831		-0.0001102848		0.0014737523		-0.0001102848		0.0014737523
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absorbance

		pH=6		Time		Absorbance		Ln(Absorbance)		pH		HCl added		NaOH added								0.001

		3:00		0:00						6.324

		5		5		0.802		-0.2206466711		6.134

		10		10		0.81		-0.2107210313		6.128

		15		15		0.81		-0.2107210313		6.142

		20		20		0.806		-0.2156715365		6.105

		25		25		0.808		-0.2131932205		6.074

		30		30		0.808		-0.2131932205		6.034

		35		35		0.815		-0.2045671657		6.005

		40		40		0.82		-0.1984509387		5.965

		45		45		0.825		-0.1923718926		5.927

		50		50		0.835		-0.1803235541		5.886				2

		55		55		0.845		-0.1684186516		6.051

		4:00		60		0.85		-0.1625189295		6.041

		5		65		0.855		-0.15665381		6.021

		10		70		0.865		-0.1450257721		5.986

		15		75		0.875		-0.1335313926		5.963				1

		20		80		0.885		-0.122167634		6.027

		25		85		0.9		-0.1053605157		6.012

		30		90		0.91		-0.0943106795		5.991

		35		95		0.92		-0.0833816089		5.955

		40		100		0.935		-0.0672087497		5.925				1.5

		45		105		0.945		-0.0565703515		6.044

		50		110		0.955		-0.0460439385		6.024

		55		115		0.965		-0.0356271776		6.003

		5:00		120		0.985		-0.0151136378		5.983

		5		125		0.995		-0.0050125418		5.949

		10		130		1.01		0.0099503309		6.014				1

		15		135		1.025		0.0246926126		5.994

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.3259223165

												R Square		0.1062253564

												Adjusted R Square		0.0466403802

												Standard Error		0.0349651904

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0021795319		0.0021795319		1.7827540281		0.2017219926

												Residual		15		0.0183384681		0.0012225645

												Total		16		0.020518

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

												Intercept		6.0429142157		0.0339653568		177.9140507901		2.35906469887009E-26		5.9705187269		6.1153097045		5.9705187269		6.1153097045

												X Variable 1		-0.0004622549		0.000346207		-1.3351981232		0.2017219926		-0.0012001781		0.0002756682		-0.0012001781		0.0002756682





absorbance

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Absorbance vs. Time for pH=6

Time (minutes)

Absorbance

Absorbance vs. Time for pH=6

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Time(minutes)

Ln(Absorbance)

Ln(Absorbance) vs. Time in Log Phase at pH=4

0

0

0

0

0

0

0

0

0

0

0

0

0



		

				Trial		Time		A		ln(A/A0)		pH		NaOH (mL)		HCl (mL)

				0		0						6.51

		25		1		5		0.835				6.628

		30		2		10		0.845		0.0119049025		6.53

		35		3		15		0.835		0		6.432

		40		4		20		0.825		-0.0120483385		6.352

		45		5		25		0.82		-0.0181273846		6.287

		50		6		30		0.835		0		6.212

		55		7		35		0.835		0		6.148

		0		8		40		0.83		-0.0060060241		6.077

		5		9		45		0.84		0.005970167		6.024

		10		10		50		0.855		0.0236697441		5.984

		15		11		55		0.87		0.0410614868		5.916		8

		20		12		60		0.78		-0.0681378052		6.971		1

		25		13		65		0.79		-0.0553987794		7.012

		30		14		70		0.806		-0.0353479823		6.933		1.5

		35		15		75		0.82		-0.0181273846		7.043

		40		16		80		0.825		-0.0120483385		7.022

		45		17		85		0.83		-0.0060060241		6.985

		50		18		90		0.845		0.0119049025		6.943		0.5

		55		19		95		0.855		0.0236697441		6.96

		0		20		100		0.865		0.0352977821		6.931		1

		5		21		105		0.87		0.0410614868		6.975

		10		22		110		0.88		0.0524901826		6.934		1

		15		23		115		0.9		0.0749630385		6.965

		20		24		120		0.92		0.0969419452		6.945		1

		25		25		125		0.905		0.0805032188		6.956

		30		26		130		0.935		0.1131148044		6.918		0.5

		35		27		135		0.945		0.1237532026		6.901

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.3197191565

												R Square		0.102220339

												Adjusted R Square		0.0423683616

												Standard Error		0.2509726488

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.1075750613		0.1075750613		1.707885745		0.2109413105

												Residual		15		0.9448090564		0.0629872704

												Total		16		1.0523841176

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

												Intercept		6.5920710784		0.2437960571		27.0392850405		0		6.072431764		7.1117103929		6.072431764		7.1117103929

												X Variable 1		0.003247549		0.0024849995		1.3068610274		0.2109413105		-0.0020491053		0.0085442034		-0.0020491053		0.0085442034
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				Trial		Time		A		Ln(A/A0)		pH		NaOH (mL)		HCl (mL)

		5		1		5		0.736				6.216

		10		2		10		0.758		0.0294532669		6.191

		15		3		15		0.736		0		6.143

		20		4		20		0.736		0		6.11

		25		5		25		0.748		0.0161728592		6.068

		30		6		30		0.734		-0.0027210901		6.015

		35		7		35		0.74		0.0054200675		5.968

		40		8		40		0.734		-0.0027210901		5.923

		45		9		45		0.742		0.0081191244		5.905

		50		10		50		0.835		0.1262016061		5.871		20.5

		55		11		55		0.845		0.1381065086		8.005

		0		12		60		0.845		0.1381065086		7.976

		5		13		65		0.845		0.1381065086		7.933		2.5

		10		14		70		0.87		0.1672630929		7.982

		15		15		75		0.885		0.1843575263		7.903		3

		20		16		80		0.895		0.1955935995		8.001

		25		17		85		0.915		0.2176939465		7.91		3

		30		18		90		0.92		0.2231435513		7.997

		35		19		95		0.925		0.2285636188		7.916		2.5

		40		20		100		0.925		0.2285636188		7.994

		45		21		105		0.92		0.2231435513		7.996		2

		50		22		110		0.89		0.189991344		7.959

		55		23		115		0.865		0.1614993882		7.927

		0		24		120		0.835		0.1262016061		8.01

		5		25		125		0.79		0.0708028267		7.987

		10		26		130		0.77		0.0451603961		7.987

		15		27		135		0.746		0.0134954815		7.98

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.1642732406

												R Square		0.0269856976

												Adjusted R Square		-0.0378819226

												Standard Error		0.0368432823

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0005647059		0.0005647059		0.4160118332		0.5286761319

												Residual		15		0.0203614118		0.0013574275

												Total		16		0.0209261176

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

												Intercept		7.9460588235		0.0357897444		222.0205523367		8.52149033772274E-28		7.8697747422		8.0223429049		7.8697747422		8.0223429049

												X Variable 1		0.0002352941		0.0003648029		0.6449897931		0.5286761319		-0.0005422652		0.0010128535		-0.0005422652		0.0010128535
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								pH		A

								3.005		0.839

								5.988		-0.033

								6.958		-0.026

								7.997		-0.014

								pH		A

								water		0

								8.001		0.088

								3.001		0.738

								6.236		0.081
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				pH		average		StDev		MIN		MAX		95%

				3		2.9988888889		0.0256650114		2.96		3.057		0.0674699851

				4		3.9795		0.0402724058		3.916		4.048		0.1664839379

				5		5.0009444444		0.0438452791		4.931		5.063		0.1521761586

				6		5.999		0.0358102639		5.925		6.051		0.1447909777

				7		6.962125		0.038627926		6.901		7.043		1.0392786289

				8		7.9684117647		0.0361646561		7.903		8.01		0.1525681627

						pH		Growth Constant (1/min)		Upper 95% Confidence		Lower 95% Confidence		doubling time (min)

						3		0.00602		0.006535		0.005504		115.1407276678

						4		0.002509		0.002871		0.002147		276.2643206696

						5		0.002979		0.003052		0.002905		232.6778048204

						6		0.002281		0.002388		0.002174		303.8786411924

						7		0.002465		0.002628		0.002301		281.1956107748

						8		0.002652		0.003124		0.002179		261.3677151433

						with pH=3																without pH =3

						SUMMARY OUTPUT																SUMMARY OUTPUT

						Regression Statistics																Regression Statistics

						Multiple R		0.6629293036														Multiple R		0.1382420536

						R Square		0.4394752616														R Square		0.0191108654

						Adjusted R Square		0.299344077														Adjusted R Square		-0.3078521795

						Standard Error		0.0011925805														Standard Error		0.000298225

						Observations		6														Observations		5

						ANOVA																ANOVA

								df		SS		MS		F		Significance F								df		SS		MS		F		Significance F

						Regression		1		0.0000044604		0.0000044604		3.1361703171		0.1512765587						Regression		1		0.0000000052		0.0000000052		0.0584496189		0.8245470028

						Residual		4		0.000005689		0.0000014222										Residual		3		0.0000002668		0.0000000889

						Total		5		0.0000101494												Total		4		0.000000272

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

						Intercept		0.0059277143		0.0016417975		3.6105026197		0.0225465338		0.0013693441		0.0104860844				Intercept		0.002714		0.0005813475		4.6684642774		0.018556256		0.0008638911		0.0045641089

						X Variable 1		-0.0005048571		0.0002850813		-1.7709235774		0.1512765587		-0.0012963713		0.000286657				X Variable 1		-0.0000228		0.000094307		-0.2417635599		0.8245470028		-0.0003229273		0.0002773273
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pH=3

		

														V(ml)

				Trial		Time(min)		A		Ln(A/A0)		pH		NaOH		HCl

				0		0		0				6.04		0		0

				1		5		0.794				5.983

				2		10		0.726				6.129

				3		15		0.79				6.177

				4		20		0.795				6.13

				5		25		0.798				6.049

				6		30		0.815				5.997

				7		35		0.835				5.933

				8		40		0.84				5.879

		pH was controlled starting right after this trial		9		45		0.85				5.822

				10		50		0.85				3.024				37.3

				11		55		0.684		0		3.035

				12		60		0.7		0.0231224174		3.029				2.6		5.5

				13		65		0.692		0.011628038		3.057

				14		70		0.696		0.0173917427		3.008				2.9

				15		75		0.724		0.0568334748		3.018

				16		80		0.748		0.0894450604		3.009

				17		85		0.788		0.1415401722		3

				18		90		0.792		0.1466034742		2.988

				19		95		0.855		0.2231435513		2.979

				20		100		0.875		0.2462659687		2.976

				21		105		0.905		0.2799770261		2.975

				22		110		0.935		0.3125886117		2.971

				23		115		0.955		0.3337534229		2.96		3.1

				24		120		0.985		0.3646837235		3.018

				25		125		0.995		0.3747848195		3.006

				26		130		1.005		0.3847849029		2.987

				27		135		1.03		0.4093561636		2.986

				28		140		1.06		0.4380662695		2.978

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.6803137889

												R Square		0.4628268513

												Adjusted R Square		0.4312284308

												Standard Error		0.0193056561

												Observations		19

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0054591158		0.0054591158		14.6471514676		0.0013489225

												Residual		17		0.0063360421		0.0003727084

												Total		18		0.0117951579

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

												Intercept		3.0590105263		0.0159895233		191.3134281643		8.86853170921356E-30		3.0252755338		3.0927455189

												X Variable 1		-0.0006189474		0.000161725		-3.8271597128		0.0013489225		-0.0009601577		-0.000277737
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pH=5

		

																V(ml)

						Trial		Time(min)		A		Ln		pH		NaOH		HCl

						0		0		0				6.089

						1		5		0.738				6.012

						2		10		0.766				6.016

						3		15		0.778				5.97

						4		20		0.784				5.936

						5		25		0.78				5.893

						6		30		0.796				5.853

						7		35		0.8				5.803

						8		40		0.812				5.772

						9		45		0.825				5.732

						10		50		0.83				5.698

						11		55		0.85		0		3.916				16.5

						12		60		0.845		-0.0058997221		4.005		2.5

						13		65		0.885		0.0403512955		4.028

						14		70		0.875		0.0289875369		4.048

						15		75		0.885		0.0403512955		4.006				5.5

						16		80		0.89		0.0459851132		3.99

						17		85		0.905		0.0626985942		3.967

						18		90		0.91		0.06820825		3.943		2

						19		95		0.915		0.0736877158		4.024

						20		100		0.925		0.084557388		4.013

						21		105		0.935		0.0953101798		3.991

						22		110		0.97		0.132059722		3.975

						23		115		0.985		0.1474052917		3.961

						24		120		1.01		0.1724692604		3.955

						25		125		1.015		0.177407542		3.934

						26		130		1.055		0.2160596964		3.916

						27		135				0

						28		140				0

						29		145				0

						30		150				0

						31		155				0

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.4349753514

												R Square		0.1892035563

												Adjusted R Square		0.1312895246

												Standard Error		0.0375357505

												Observations		16

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0046029441		0.0046029441		3.2669726277		0.092217666

												Residual		14		0.0197250559		0.0014089326

												Total		15		0.024328

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

												Intercept		4.0475691176		0.0388112698		104.2885000739		1.21631864211481E-21		3.9643271487		4.1308110866		3.9643271487		4.1308110866

												X Variable 1		-0.0007358824		0.0004071324		-1.8074768678		0.092217666		-0.0016090952		0.0001373305		-0.0016090952		0.0001373305
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pH=7

		

				Time		Absorbance		Ln(Absorbance)		pH		HCl added		NaOH added

		12:15		0		0		0		6.457

				5		0.756		-0.2797139028		6.147

				10		0.754		-0.282362911		6.139

		30		15		0.748		-0.290352301		6.106

		35		20		0.754		-0.282362911		6.046

		40		25		0.752		-0.285018955		5.994

		45		30		0.762		-0.2718087233		5.95

		50		35		0.77		-0.2613647641		5.971

		55		40		0.782		-0.2459005384		6.046

		1:00		45		0.79		-0.2357223335		6.053

		5		50		0.796		-0.2281560931		5.003		6.5

		10		55		0.808		-0.2131932205		5.02

		15		60		0.815		-0.2045671657		5.013

		20		65		0.83		-0.1863295782		5.001

		25		70		0.84		-0.1743533871		4.983

		30		75		0.85		-0.1625189295		4.963

		35		80		0.87		-0.1392620673		4.936				0.7

		40		85		0.885		-0.122167634		4.938

		45		90		0.9		-0.1053605157		4.931				2.5

		50		95		0.91		-0.0943106795		5.031

		55		100		0.92		-0.0833816089		5.013

		2:00		105		0.94		-0.0618754037		4.976

		5		110		0.95		-0.0512932944		4.952				1.5

		10		115		0.97		-0.0304592075		5.053

		15		120		0.98		-0.0202027073		5.063

		20		125		0.99		-0.0100503359		5.059

		25		130		1.005		0.0049875415		5.049

		30		135		1.02		0.0198026273		5.033

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.4150346804

												R Square		0.1722537859

												Adjusted R Square		0.1205196476

												Standard Error		0.0411183718

												Observations		18

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0056294164		0.0056294164		3.3295961108		0.0867720831

												Residual		16		0.027051528		0.0016907205

												Total		17		0.0326809444

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

												Intercept		4.9378840729		0.0358922149		137.5753514119		5.08903758661738E-26		4.8617959936		5.0139721522		4.8617959936		5.0139721522

												X Variable 1		0.0006817337		0.0003736104		1.8247180908		0.0867720831		-0.0001102848		0.0014737523		-0.0001102848		0.0014737523
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Sheet3

		pH=6		Time		Absorbance		Ln(Absorbance)		pH		HCl added		NaOH added								0.001

		3:00		0:00						6.324

		5		5		0.802		-0.2206466711		6.134

		10		10		0.81		-0.2107210313		6.128

		15		15		0.81		-0.2107210313		6.142

		20		20		0.806		-0.2156715365		6.105

		25		25		0.808		-0.2131932205		6.074

		30		30		0.808		-0.2131932205		6.034

		35		35		0.815		-0.2045671657		6.005

		40		40		0.82		-0.1984509387		5.965

		45		45		0.825		-0.1923718926		5.927

		50		50		0.835		-0.1803235541		5.886				2

		55		55		0.845		-0.1684186516		6.051

		4:00		60		0.85		-0.1625189295		6.041

		5		65		0.855		-0.15665381		6.021

		10		70		0.865		-0.1450257721		5.986

		15		75		0.875		-0.1335313926		5.963				1

		20		80		0.885		-0.122167634		6.027

		25		85		0.9		-0.1053605157		6.012

		30		90		0.91		-0.0943106795		5.991

		35		95		0.92		-0.0833816089		5.955

		40		100		0.935		-0.0672087497		5.925				1.5

		45		105		0.945		-0.0565703515		6.044

		50		110		0.955		-0.0460439385		6.024

		55		115		0.965		-0.0356271776		6.003

		5:00		120		0.985		-0.0151136378		5.983

		5		125		0.995		-0.0050125418		5.949

		10		130		1.01		0.0099503309		6.014				1

		15		135		1.025		0.0246926126		5.994

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.3259223165

												R Square		0.1062253564

												Adjusted R Square		0.0466403802

												Standard Error		0.0349651904

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0021795319		0.0021795319		1.7827540281		0.2017219926

												Residual		15		0.0183384681		0.0012225645

												Total		16		0.020518

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

												Intercept		6.0429142157		0.0339653568		177.9140507901		2.35906469887009E-26		5.9705187269		6.1153097045		5.9705187269		6.1153097045

												X Variable 1		-0.0004622549		0.000346207		-1.3351981232		0.2017219926		-0.0012001781		0.0002756682		-0.0012001781		0.0002756682
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				Trial		Time		A		ln(A/A0)		pH		NaOH (mL)		HCl (mL)

				0		0						6.51

		25		1		5		0.835				6.628

		30		2		10		0.845		0.0119049025		6.53

		35		3		15		0.835		0		6.432

		40		4		20		0.825		-0.0120483385		6.352

		45		5		25		0.82		-0.0181273846		6.287

		50		6		30		0.835		0		6.212

		55		7		35		0.835		0		6.148

		0		8		40		0.83		-0.0060060241		6.077

		5		9		45		0.84		0.005970167		6.024

		10		10		50		0.855		0.0236697441		5.984

		15		11		55		0.87		0.0410614868		5.916		8

		20		12		60		0.78		-0.0681378052		6.971		1

		25		13		65		0.79		-0.0553987794		7.012

		30		14		70		0.806		-0.0353479823		6.933		1.5

		35		15		75		0.82		-0.0181273846		7.043

		40		16		80		0.825		-0.0120483385		7.022

		45		17		85		0.83		-0.0060060241		6.985

		50		18		90		0.845		0.0119049025		6.943		0.5

		55		19		95		0.855		0.0236697441		6.96

		0		20		100		0.865		0.0352977821		6.931		1

		5		21		105		0.87		0.0410614868		6.975						6.5

		10		22		110		0.88		0.0524901826		6.934		1

		15		23		115		0.9		0.0749630385		6.965

		20		24		120		0.92		0.0969419452		6.945		1

		25		25		125		0.905		0.0805032188		6.956

		30		26		130		0.935		0.1131148044		6.918		0.5

		35		27		135		0.945		0.1237532026		6.901

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.3197191565

												R Square		0.102220339

												Adjusted R Square		0.0423683616

												Standard Error		0.2509726488

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.1075750613		0.1075750613		1.707885745		0.2109413105

												Residual		15		0.9448090564		0.0629872704

												Total		16		1.0523841176

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

												Intercept		6.5920710784		0.2437960571		27.0392850405		0		6.072431764		7.1117103929		6.072431764		7.1117103929

												X Variable 1		0.003247549		0.0024849995		1.3068610274		0.2109413105		-0.0020491053		0.0085442034		-0.0020491053		0.0085442034
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				Trial		Time		A		Ln(A/A0)		pH		NaOH (mL)		HCl (mL)

		5		1		5		0.736				6.216

		10		2		10		0.758		0.0294532669		6.191

		15		3		15		0.736		0		6.143

		20		4		20		0.736		0		6.11

		25		5		25		0.748		0.0161728592		6.068

		30		6		30		0.734		-0.0027210901		6.015

		35		7		35		0.74		0.0054200675		5.968

		40		8		40		0.734		-0.0027210901		5.923

		45		9		45		0.742		0.0081191244		5.905

		50		10		50		0.835		0.1262016061		5.871		20.5

		55		11		55		0.845		0.1381065086		8.005

		0		12		60		0.845		0.1381065086		7.976

		5		13		65		0.845		0.1381065086		7.933		2.5

		10		14		70		0.87		0.1672630929		7.982

		15		15		75		0.885		0.1843575263		7.903		3

		20		16		80		0.895		0.1955935995		8.001

		25		17		85		0.915		0.2176939465		7.91		3

		30		18		90		0.92		0.2231435513		7.997

		35		19		95		0.925		0.2285636188		7.916		2.5

		40		20		100		0.925		0.2285636188		7.994

		45		21		105		0.92		0.2231435513		7.996		2

		50		22		110		0.89		0.189991344		7.959

		55		23		115		0.865		0.1614993882		7.927

		0		24		120		0.835		0.1262016061		8.01		3.5

		5		25		125		0.79		0.0708028267		7.987

		10		26		130		0.77		0.0451603961		7.987

		15		27		135		0.746		0.0134954815		7.98

														16.5

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.1642732406

												R Square		0.0269856976

												Adjusted R Square		-0.0378819226

												Standard Error		0.0368432823

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0005647059		0.0005647059		0.4160118332		0.5286761319

												Residual		15		0.0203614118		0.0013574275

												Total		16		0.0209261176

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

												Intercept		7.9460588235		0.0357897444		222.0205523367		8.52149033772274E-28		7.8697747422		8.0223429049		7.8697747422		8.0223429049

												X Variable 1		0.0002352941		0.0003648029		0.6449897931		0.5286761319		-0.0005422652		0.0010128535		-0.0005422652		0.0010128535
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				pH		average		StDev		MIN		MAX		95%

				3		2.9988888889		0.0256650114		2.96		3.057		0.0674699851

				4		3.9795		0.0402724058		3.916		4.048		0.1664839379

				5		5.0009444444		0.0438452791		4.931		5.063		0.1521761586

				6		5.999		0.0358102639		5.925		6.051		0.1447909777

				7		6.962125		0.038627926		6.901		7.043		1.0392786289

				8		7.9684117647		0.0361646561		7.903		8.01		0.1525681627

						pH				3		4		5		6		7		8

						Initial HCl added				37.3		16.5		6.5		0		0		0

						HCl added				5.5		5.5		0		0		0		0

						Initial NaOH added				0		0		0		2		8		20.5

						NaOH added				3.1		4.5		4.7		3.5		6.5		16.5
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pH=3

		

														V(ml)

				Trial		Time(min)		A		Ln(A/A0)		pH		NaOH		HCl

				0		0		0				6.04		0		0

				1		5		0.794				5.983

				2		10		0.726				6.129

				3		15		0.79				6.177

				4		20		0.795				6.13

				5		25		0.798				6.049

				6		30		0.815				5.997

				7		35		0.835				5.933

				8		40		0.84				5.879

		pH was controlled starting right after this trial		9		45		0.85				5.822

				10		50		0.85				3.024				37.3

				11		55		0.684		0		3.035

				12		60		0.7		0.0231224174		3.029				2.6

				13		65		0.692		0.011628038		3.057

				14		70		0.696		0.0173917427		3.008				2.9

				15		75		0.724		0.0568334748		3.018

				16		80		0.748		0.0894450604		3.009

				17		85		0.788		0.1415401722		3

				18		90		0.792		0.1466034742		2.988

				19		95		0.855		0.2231435513		2.979

				20		100		0.875		0.2462659687		2.976

				21		105		0.905		0.2799770261		2.975

				22		110		0.935		0.3125886117		2.971

				23		115		0.955		0.3337534229		2.96		3.1

				24		120		0.985		0.3646837235		3.018

				25		125		0.995		0.3747848195		3.006

				26		130		1.005		0.3847849029		2.987

				27		135		1.03		0.4093561636		2.986

				28		140		1.06		0.4380662695		2.978

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.6803137889

												R Square		0.4628268513

												Adjusted R Square		0.4312284308

												Standard Error		0.0193056561

												Observations		19

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0054591158		0.0054591158		14.6471514676		0.0013489225

												Residual		17		0.0063360421		0.0003727084

												Total		18		0.0117951579

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

												Intercept		3.0590105263		0.0159895233		191.3134281643		8.86853170921356E-30		3.0252755338		3.0927455189

												X Variable 1		-0.0006189474		0.000161725		-3.8271597128		0.0013489225		-0.0009601577		-0.000277737





pH=3

		0

		5

		10

		15

		20

		25

		30

		35

		40

		45

		50

		55

		60

		65

		70

		75

		80

		85

		90

		95

		100

		105

		110

		115

		120

		125

		130

		135

		140



Time (min)

A

YEAST pH = 3

0

0.794

0.726

0.79

0.795

0.798

0.815

0.835

0.84

0.85

0.85

0.684

0.7

0.692

0.696

0.724

0.748

0.788

0.792

0.855

0.875

0.905

0.935

0.955

0.985

0.995

1.005

1.03

1.06



pH=4

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



\

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



pH=5

		

																V(ml)

						Trial		Time(min)		A		Ln		pH		NaOH		HCl

						0		0		0				6.089

						1		5		0.738				6.012

						2		10		0.766				6.016

						3		15		0.778				5.97

						4		20		0.784				5.936

						5		25		0.78				5.893

						6		30		0.796				5.853

						7		35		0.8				5.803

						8		40		0.812				5.772

						9		45		0.825				5.732

						10		50		0.83				5.698

						11		55		0.85		0		3.916				16.5

						12		60		0.845		-0.0058997221		4.005		2.5

						13		65		0.885		0.0403512955		4.028

						14		70		0.875		0.0289875369		4.048

						15		75		0.885		0.0403512955		4.006				5.5

						16		80		0.89		0.0459851132		3.99

						17		85		0.905		0.0626985942		3.967

						18		90		0.91		0.06820825		3.943		2

						19		95		0.915		0.0736877158		4.024

						20		100		0.925		0.084557388		4.013

						21		105		0.935		0.0953101798		3.991

						22		110		0.97		0.132059722		3.975

						23		115		0.985		0.1474052917		3.961

						24		120		1.01		0.1724692604		3.955

						25		125		1.015		0.177407542		3.934

						26		130		1.055		0.2160596964		3.916

						27		135				0

						28		140				0

						29		145				0

						30		150				0

						31		155				0

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.4349753514

												R Square		0.1892035563

												Adjusted R Square		0.1312895246

												Standard Error		0.0375357505

												Observations		16

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0046029441		0.0046029441		3.2669726277		0.092217666

												Residual		14		0.0197250559		0.0014089326

												Total		15		0.024328

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

												Intercept		4.0475691176		0.0388112698		104.2885000739		1.21631864211481E-21		3.9643271487		4.1308110866		3.9643271487		4.1308110866

												X Variable 1		-0.0007358824		0.0004071324		-1.8074768678		0.092217666		-0.0016090952		0.0001373305		-0.0016090952		0.0001373305
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pH=7

		

				Time		Absorbance		Ln(Absorbance)		pH		HCl added		NaOH added

		12:15		0		0		0		6.457

				5		0.756		-0.2797139028		6.147

				10		0.754		-0.282362911		6.139

		30		15		0.748		-0.290352301		6.106

		35		20		0.754		-0.282362911		6.046

		40		25		0.752		-0.285018955		5.994

		45		30		0.762		-0.2718087233		5.95

		50		35		0.77		-0.2613647641		5.971

		55		40		0.782		-0.2459005384		6.046

		1:00		45		0.79		-0.2357223335		6.053

		5		50		0.796		-0.2281560931		5.003		6.5

		10		55		0.808		-0.2131932205		5.02

		15		60		0.815		-0.2045671657		5.013

		20		65		0.83		-0.1863295782		5.001

		25		70		0.84		-0.1743533871		4.983

		30		75		0.85		-0.1625189295		4.963

		35		80		0.87		-0.1392620673		4.936				0.7

		40		85		0.885		-0.122167634		4.938

		45		90		0.9		-0.1053605157		4.931				2.5

		50		95		0.91		-0.0943106795		5.031

		55		100		0.92		-0.0833816089		5.013

		2:00		105		0.94		-0.0618754037		4.976

		5		110		0.95		-0.0512932944		4.952				1.5

		10		115		0.97		-0.0304592075		5.053

		15		120		0.98		-0.0202027073		5.063

		20		125		0.99		-0.0100503359		5.059

		25		130		1.005		0.0049875415		5.049

		30		135		1.02		0.0198026273		5.033

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.4150346804

												R Square		0.1722537859

												Adjusted R Square		0.1205196476

												Standard Error		0.0411183718

												Observations		18

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0056294164		0.0056294164		3.3295961108		0.0867720831

												Residual		16		0.027051528		0.0016907205

												Total		17		0.0326809444

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

												Intercept		4.9378840729		0.0358922149		137.5753514119		5.08903758661738E-26		4.8617959936		5.0139721522		4.8617959936		5.0139721522

												X Variable 1		0.0006817337		0.0003736104		1.8247180908		0.0867720831		-0.0001102848		0.0014737523		-0.0001102848		0.0014737523
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Sheet3

		pH=6		Time		Absorbance		Ln(Absorbance)		pH		HCl added		NaOH added								0.001

		3:00		0:00						6.324

		5		5		0.802		-0.2206466711		6.134

		10		10		0.81		-0.2107210313		6.128

		15		15		0.81		-0.2107210313		6.142

		20		20		0.806		-0.2156715365		6.105

		25		25		0.808		-0.2131932205		6.074

		30		30		0.808		-0.2131932205		6.034

		35		35		0.815		-0.2045671657		6.005

		40		40		0.82		-0.1984509387		5.965

		45		45		0.825		-0.1923718926		5.927

		50		50		0.835		-0.1803235541		5.886				2

		55		55		0.845		-0.1684186516		6.051

		4:00		60		0.85		-0.1625189295		6.041

		5		65		0.855		-0.15665381		6.021

		10		70		0.865		-0.1450257721		5.986

		15		75		0.875		-0.1335313926		5.963				1

		20		80		0.885		-0.122167634		6.027

		25		85		0.9		-0.1053605157		6.012

		30		90		0.91		-0.0943106795		5.991

		35		95		0.92		-0.0833816089		5.955

		40		100		0.935		-0.0672087497		5.925				1.5

		45		105		0.945		-0.0565703515		6.044

		50		110		0.955		-0.0460439385		6.024

		55		115		0.965		-0.0356271776		6.003

		5:00		120		0.985		-0.0151136378		5.983

		5		125		0.995		-0.0050125418		5.949

		10		130		1.01		0.0099503309		6.014				1

		15		135		1.025		0.0246926126		5.994

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.3259223165

												R Square		0.1062253564

												Adjusted R Square		0.0466403802

												Standard Error		0.0349651904

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0021795319		0.0021795319		1.7827540281		0.2017219926

												Residual		15		0.0183384681		0.0012225645

												Total		16		0.020518

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

												Intercept		6.0429142157		0.0339653568		177.9140507901		2.35906469887009E-26		5.9705187269		6.1153097045		5.9705187269		6.1153097045

												X Variable 1		-0.0004622549		0.000346207		-1.3351981232		0.2017219926		-0.0012001781		0.0002756682		-0.0012001781		0.0002756682
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				Trial		Time		A		ln(A/A0)		pH		NaOH (mL)		HCl (mL)

				0		0						6.51

		25		1		5		0.835				6.628

		30		2		10		0.845		0.0119049025		6.53

		35		3		15		0.835		0		6.432

		40		4		20		0.825		-0.0120483385		6.352

		45		5		25		0.82		-0.0181273846		6.287

		50		6		30		0.835		0		6.212

		55		7		35		0.835		0		6.148

		0		8		40		0.83		-0.0060060241		6.077

		5		9		45		0.84		0.005970167		6.024

		10		10		50		0.855		0.0236697441		5.984

		15		11		55		0.87		0.0410614868		5.916		8

		20		12		60		0.78		-0.0681378052		6.971		1

		25		13		65		0.79		-0.0553987794		7.012

		30		14		70		0.806		-0.0353479823		6.933		1.5

		35		15		75		0.82		-0.0181273846		7.043

		40		16		80		0.825		-0.0120483385		7.022

		45		17		85		0.83		-0.0060060241		6.985

		50		18		90		0.845		0.0119049025		6.943		0.5

		55		19		95		0.855		0.0236697441		6.96

		0		20		100		0.865		0.0352977821		6.931		1

		5		21		105		0.87		0.0410614868		6.975

		10		22		110		0.88		0.0524901826		6.934		1

		15		23		115		0.9		0.0749630385		6.965

		20		24		120		0.92		0.0969419452		6.945		1

		25		25		125		0.905		0.0805032188		6.956

		30		26		130		0.935		0.1131148044		6.918		0.5

		35		27		135		0.945		0.1237532026		6.901

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.3197191565

												R Square		0.102220339

												Adjusted R Square		0.0423683616

												Standard Error		0.2509726488

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.1075750613		0.1075750613		1.707885745		0.2109413105

												Residual		15		0.9448090564		0.0629872704

												Total		16		1.0523841176

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

												Intercept		6.5920710784		0.2437960571		27.0392850405		0		6.072431764		7.1117103929		6.072431764		7.1117103929

												X Variable 1		0.003247549		0.0024849995		1.3068610274		0.2109413105		-0.0020491053		0.0085442034		-0.0020491053		0.0085442034
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				Trial		Time		A		Ln(A/A0)		pH		NaOH (mL)		HCl (mL)

		5		1		5		0.736				6.216

		10		2		10		0.758		0.0294532669		6.191

		15		3		15		0.736		0		6.143

		20		4		20		0.736		0		6.11

		25		5		25		0.748		0.0161728592		6.068

		30		6		30		0.734		-0.0027210901		6.015

		35		7		35		0.74		0.0054200675		5.968

		40		8		40		0.734		-0.0027210901		5.923

		45		9		45		0.742		0.0081191244		5.905

		50		10		50		0.835		0.1262016061		5.871		20.5

		55		11		55		0.845		0.1381065086		8.005

		0		12		60		0.845		0.1381065086		7.976

		5		13		65		0.845		0.1381065086		7.933		2.5

		10		14		70		0.87		0.1672630929		7.982

		15		15		75		0.885		0.1843575263		7.903		3

		20		16		80		0.895		0.1955935995		8.001

		25		17		85		0.915		0.2176939465		7.91		3

		30		18		90		0.92		0.2231435513		7.997

		35		19		95		0.925		0.2285636188		7.916		2.5

		40		20		100		0.925		0.2285636188		7.994

		45		21		105		0.92		0.2231435513		7.996		2

		50		22		110		0.89		0.189991344		7.959

		55		23		115		0.865		0.1614993882		7.927

		0		24		120		0.835		0.1262016061		8.01

		5		25		125		0.79		0.0708028267		7.987

		10		26		130		0.77		0.0451603961		7.987

		15		27		135		0.746		0.0134954815		7.98

												SUMMARY OUTPUT

												Regression Statistics

												Multiple R		0.1642732406

												R Square		0.0269856976

												Adjusted R Square		-0.0378819226

												Standard Error		0.0368432823

												Observations		17

												ANOVA

														df		SS		MS		F		Significance F

												Regression		1		0.0005647059		0.0005647059		0.4160118332		0.5286761319

												Residual		15		0.0203614118		0.0013574275

												Total		16		0.0209261176

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

												Intercept		7.9460588235		0.0357897444		222.0205523367		8.52149033772274E-28		7.8697747422		8.0223429049		7.8697747422		8.0223429049

												X Variable 1		0.0002352941		0.0003648029		0.6449897931		0.5286761319		-0.0005422652		0.0010128535		-0.0005422652		0.0010128535
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				pH		average		StDev		MIN		MAX		95%

				3		2.9988888889		0.0256650114		2.96		3.057		0.0674699851

				4		3.9795		0.0402724058		3.916		4.048		0.1664839379

				5		5.0009444444		0.0438452791		4.931		5.063		0.1521761586

				6		5.999		0.0358102639		5.925		6.051		0.1447909777

				7		6.962125		0.038627926		6.901		7.043		1.0392786289

				8		7.9684117647		0.0361646561		7.903		8.01		0.1525681627

						pH		Growth Constant		Upper 95% Confidence		Lower 95% Confidence

						3		0.00602		0.006535		0.005504

						4		0.002509		0.002871		0.002147

						5		0.002979		0.003052		0.002905

						6		0.002281		0.002388		0.002174

						7		0.002465		0.002628		0.002301

						8		0.002652		0.003124		0.002179

						with pH=3																without pH =3

						SUMMARY OUTPUT																SUMMARY OUTPUT

						Regression Statistics																Regression Statistics

						Multiple R		0.6629293036														Multiple R		0.1382420536

						R Square		0.4394752616														R Square		0.0191108654

						Adjusted R Square		0.299344077														Adjusted R Square		-0.3078521795

						Standard Error		0.0011925805														Standard Error		0.000298225

						Observations		6														Observations		5

						ANOVA																ANOVA

								df		SS		MS		F		Significance F								df		SS		MS		F		Significance F

						Regression		1		0.0000044604		0.0000044604		3.1361703171		0.1512765587						Regression		1		0.0000000052		0.0000000052		0.0584496189		0.8245470028

						Residual		4		0.000005689		0.0000014222										Residual		3		0.0000002668		0.0000000889

						Total		5		0.0000101494												Total		4		0.000000272

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

						Intercept		0.0059277143		0.0016417975		3.6105026197		0.0225465338		0.0013693441		0.0104860844				Intercept		0.002714		0.0005813475		4.6684642774		0.018556256		0.0008638911		0.0045641089

						X Variable 1		-0.0005048571		0.0002850813		-1.7709235774		0.1512765587		-0.0012963713		0.000286657				X Variable 1		-0.0000228		0.000094307		-0.2417635599		0.8245470028		-0.0003229273		0.0002773273

												2.01																2.132





		0		5		5		5

		5		10		10		10

		10		15		15		15

		15		20		20		20

		20		25		25		25

		25		30		30		30

		30		35		35		35

		35		40		40		40

		40		45		45		45

		45		50		50		50

		50		55		55		55

		55		60		60		60

		60		65		65		65

		65		70		70		70

		70		75		75		75

		75		80		80		80

		80		85		85		85

		85		90		90		90

		90		95		95		95

		95		100		100		100

		100		105		105		105

		105		110		110		110

		110		115		115		115

		115		120		120		120

		120		125		125		125

		125		130		130		130

		130		135		135

		135



pH=7

pH=6

pH=5

pH=4

Time(min)

Absorbance

Absorbance vs Time

0.802

0.756

0.738

0.835

0.81

0.754

0.766

0.845

0.81

0.748

0.778

0.835

0.806

0.754

0.784

0.825

0.808

0.752

0.78

0.82

0.808

0.762

0.796

0.835

0.815

0.77

0.8

0.835

0.82

0.782

0.812

0.83

0.825

0.79

0.825

0.84

0.835

0.796

0.83

0.855

0.845

0.808

0.85

0.87

0.85

0.815

0.845

0.78

0.855

0.83

0.885

0.79

0.865

0.84

0.875

0.806

0.875

0.85

0.885

0.82

0.885

0.87

0.89

0.825

0.9

0.885

0.905

0.83

0.91

0.9

0.91

0.845

0.92

0.91

0.915

0.855

0.935

0.92

0.925

0.865

0.945

0.94

0.935

0.87

0.955

0.95

0.97

0.88

0.965

0.97

0.985

0.9

0.985

0.98

1.01

0.92

0.995

0.99

1.015

0.905

1.01

1.005

1.055

0.935

1.025

1.02

0.945



		0

		0

		0

		0

		0

		0



0

0

0

0

0

0




