Acceleration of the Growth of Escherichia coli
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Abstract

The primary goal of this experiment was to accelerate the growth rate of the K-12 strain of Escherichia coli through the addition of nutrients to the media of the standard experiment (10.0 ( 0.1g bacto-tryptone and 5.0 ( 0.1g yeast extract). [11] This was accomplished by the addition of glucose, a carbon source, in the form of corn syrup to the control media while maintaining constant environmental growth conditions.  Additionally, using scientifically published paper [9] a 35.1% increase in growth rate constant was predicted.  One control and two experimental trials were then performed.  The growth rate constant for the control experiment was 0.0188 min-1 ( 4.05%.  The average growth rate constant for the two experimental trials conducted was 0.0239 ( min-1 ( 6.05% thereby yielding a 27.13% increase in the growth rate constant from that of the control experiment.  This percentage increase deviated from the predicted increase by 22.7%.  
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Background

The growth rate of Escherichia coli is dependent upon the source and amount of carbon in the media. The weight yield of microbial cells is directly proportional to the amount of the energy source in the medium when this energy source is the growth-limiting factor [12]. Through fueling reactions, the carbon source is broken down and simultaneously is assimilated into cell substance, providing the precursor metabolites and energy as ATP or its equivalent [8].  For a particular temperature, the specific growth rate depends upon the carbon source. The nature of the dependence is strongly suspected that the rate of production of ATP must control the rate of growth [6].  One biomedical application of accelerating the growth rate of bacteria would be to grow genetically-engineered bacteria that produce beneficial enzymes that can be easily extracted. 
Carbohydrates and amino acids serve as potential sources of both carbon and energy [7].  The media used in the control and experimental trials was composed of yeast extract and bacto-tryptone, both of which provide carbon to the Escherichia coli in the form of amino acids and carbohydrates [11].  To determine the amount of glucose added to the control media in order to achieve an increase in the growth rate, it was first necessary to calculate the amount of carbon present in the control media.  


Using the assay of the yeast extract (Table 1A) and bacto-tryptone (Table 2A), the mass of each amino acid was calculated in the 5.0 ( 0.1g of yeast extract and 10.0 ( 0.1g of bacto-tryptone used in the standard experiment.  The mass of carbon contributed by each amino acid was calculated by multiplying the percent of carbon present in each amino acid (molecular weight of each amino acid and the molecular weight of the carbon present in each amino acid) by the mass of the amino acid present.  The mass of carbon contributed by each amino acid was summed to obtain the total contribution of carbon from the amino acids.  The carbon contributed by amino acids in the 5.0 ( 0.1g yeast extract was calculated to be 1.328g (Table 2A), and the carbon contributed by the amino acids in 10.0 ( 0.1g of bacto-tryptone was 3.696g (Table 3A).  


Additional carbon is supplied to the Escherichia coli by the carbohydrates present in the yeast extract and the bacto-tryptone.  The yeast extract is composed of 15% carbohydrate, of which 17.5% is carbon.  This yielded an additional 0.131g carbon for the 5.0 ( 0.1g of yeast extract utilized in the media.  Bacto-tryptone is composed of 7.7% carbohydrate of which 17.5% is carbon.  Therefore, there is an additional 0.135g carbon for the 10.0 ( 0.1g of bacto-tryptone present in the standard experiment.  


The total carbon contributed to the Escherichia coli by the amino acids and carbohydrates (5.289g carbon) in the control trial was used in the determination of the amount of carbon that was added to the media in order accelerate the growth rate.  This was based on a previous experiment conducted by Paalme et al in which the K-12 strain of Escherichia coli was grown in media of different carbon sources [9].  The maximum growth rate for Escherichia coli observed by Paalme was achieved when using a media composed of casamino acids and glucose as carbon sources.  In Paalme’s experiment, the addition of 3.5g glucose to a media containing 1.5g casamino acids (composed of the same amino acids as the bacto-tryptone and yeast extract) increased the growth rate of the K-12 strain of Escherichia coli from 0.57 h-1 to 0.77 h-1, which was a 35.1% increase [9].  Using the assay of casamino acids, the amount of carbon contributed by 1.5g casamino acid was calculated to be 0.513g carbon (Table 3A).  


The ratio of the mass of carbon from the non-glucose source to the mass of glucose added to achieve the maximum growth rate in Paalme’s article was used to determine the amount of glucose that was added to the control experiment to accelerate growth.  The mass of carbon from the non-glucose source (bacto-tryptone and yeast extract) for the standard experiment was determined to be 5.289g carbon. Therefore the ratio from the literature values (0.513g carbon from casamino acids/ 3.5g glucose) yielding the maximum growth rate was used to determine the amount of glucose added to achieve an increase in the growth rate for this experimental procedure.  For this experiment, the mass of carbon from the non-glucose source corresponded to the addition of 36.09g glucose.  The glucose was added in the form of corn syrup to ensure the sterility of the media.  Corn syrup is 75% glucose by weight [2].  Therefore, 36.09g glucose corresponded to the addition of 48.12g corn syrup.  

Bacteria experience several different phases of growth, including the lag phase, log phase, stationary phase, and death phase.  In assessing the growth rate constant, only the log phase was relevant.  The exponential growth rate experienced during this phase corresponds to the growth rate of the Escherichia coli.  Through the addition of 3.5g glucose to the growth media containing 1.5g casamino acids, Paalme obtained a 35.1% increase in the growth rate constant.  Using this value, it was expected that when following the experimental procedure of Paalme, the growth rate constant for the experimental trials conducted (through the addition of glucose to a non-glucose carbon source using the same ratio determined from Paalme’s experiment) would have increased from 0.0188 min-1 in the control trial to 0.0254 min-1.
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Materials

· PennCell Culture Apparatus

· Milton-Roy Spectonic 20D Spectrophotometer

· All American Electric Pressure Steam Sterilizer Model 25X

· Assorted glassware and plastic ware (2 cuvettes)

· E. Coli Microkwik cultures

· Thermometer

· pH meter

· 10.0 ( 0.1g bacto-tryptone

· 5.0 ( 0.1g yeast extract

· 10.0 ( 0.1g sodium chloride

· corn syrup (glucose source)

· de-ionized water

· NaOH

· parafilm
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Procedure


The procedure for carrying out this experiment entailed the same basic outline as the procedure used in experiment 1 [11].  The environmental conditions were initially set to a pH of 7.00 ( 0.02, a temperature of 38.00 ( 0.01°C, and an airflow of 0.75.  This set of conditions ensured an optimal growing environment for the bacteria [3]. The PennCell Apparatus was calibrated with 1000.00 ( 0.01g water, which has a volume of 1000.00 ( 0.01mL.  In the control trial, 1000.00 ( 0.01mL media (specifically 10.0 ( 0.1g bacto-tryptone, 5.0 ( 0.1g yeast extract, 10.0 ( 0.1g sodium chloride, and 1000.00 ( 0.01g de-ionized water) was used. One control trial was conducted in which a base-line growth rate of the Escherichia coli was determined.  Two identical experimental trials were completed throughout the subsequent weeks.  The experimental procedures differed from the controlled protocol by the addition of 48.12 ( 0.01g corn syrup to 950.00 ( 0.01mL control media.  The total volume of media, with the corn syrup, was brought up to 1000.00 ( 0.01mL but the addition of water to the calibration line of the Penn-Cell Apparatus. 

The growth rate of the Escherichia coli was determined by the graph of the natural log of absorbance as a function of increasing time.  Absorbance measurements were taken using the spectrophotometer.  During the experimental trials, the high growth rate of the Escherichia coli resulted in the increased absorbance of the sample to the extent that the maximum reading range of the spectrophotometer was surpassed.  Because the absorbance values did not fall within the working range of the spectrophotometer, it was necessary to dilute the samples so that readings could be taken accordingly.  This problem was not anticipated in designing the experimental procedure so that supplementary media was not prepared for proper dilution.  Therefore, all of the media samples (from the point of exceeding the working range of the spectrophotometer on) were diluted with water so that the samples were within the reading range of the spectrophotometer.  All dilutions were conducted by the addition of 2 parts water to one part sample. To reduce experimental error and to remain consistent throughout the entire trial, the same micropipette was used throughout the entire trial for all of the dilutions.  In addition, it was important that all of the samples be diluted in the same manner to guarantee the same shift throughout the entire growth rate curve.  In doing so, the slope of the log phase, which is equivalent to the growth rate constant, in the graph of ln absorbance as a function of time was determined.

Readings were initially taken every 20 minutes during the lag phase of growth.  The time interval between readings was decreased to approximately 10-15 minutes during the log phase to ensure ample data points for data analysis.  Once the linear growth phase was attained, subsequent readings were conducted for approximately 3 hours.  To ensure that the samples obtained were representative of the entire growth media and the actively growing bacteria, the residual sample remaining in the glass tube after each reading was returned to the growth media and fresh sample was taken.  In addition, all samples were conduced in the same cuvettes to reduce experimental error.

To ensure optimal growing conditions, the pH of the growth media was regulated throughout all trials, both control, as well as experimental.   The pH was measured using a pH meter every 30 minutes.  Upon growth of the bacteria, the pH was found to decrease as acid was produced.  The levels of acidity decreased and the pH brought back up to the initial desired condition using NaOH to neutralize the media.  The NaOH was added drop-wise to the growth media in the PennCell Apparatus.  In doing so, care was taken to ensure that the NaOH was placed in the growth media and not on the foam sitting above the growth media by inserting the pipette directly into the media.  

Results


Figure 1: Log phase of bacteria represented in the graph of ln Absorbance vs. time for the control trial performed.  In this trial, the media consisted solely of bacto-tryptone, yeast extract, sodium chloride, and water.  The growth rate was determined to be 0.0188 min-1.  

Figure 2: Ln Absorbance vs. time for the log phase of bacteria growth for the first experimental trial performed.  In this trial, the media consisted of that for the control with the addition of 48.12 ( 0.01g corn syrup.  The growth rate was determined to be 0.0244 min-1.  


Figure 3: Ln Absorbance vs. time for the log phase of bacteria growth for the second experimental trial performed.  In this trial, the media consisted of that for the control with the addition of 48.12 ( 0.01g corn syrup.  The growth rate was determined to be 0.0234 min-1, the slope of the regression.  

Growth rate constant
lower 95% limit
Upper 95% limit

Control
0.018755
0.017994
0.019515

Experimental 1
0.024355
0.023673
0.025037

Experimental 2
0.023357
0.022147
0.024566

Predicted (35.1% increase)
0.025338



Table 1: Growth rate constants and their 95% confidence interval for the control and two experimental trials.  The predicted 35.1% increase in growth rate constant assumes the control growth rate constant as exact.  

Discussion



From the complete plots of ln absorbance versus time, only the linear portion, which represented the log phase, was analyzed.  Regressions were performed using various combinations of data points on this linear region. To ensure that the data points were representative of the log phase, points near the lag phase or stationary phase were not considered in any combination of data points.  The set of maximum data points with an R2 value closest to 1.000 was chosen as the representative regression whose slope was equivalent to the growth rate constant. 

As can be seen from Figure 1, bacteria growing in media consisting solely of bacto-tryptone and yeast extract (control trial) grows at a rate of 0.0188 min-1 with an upper 95% confidence limit of 0.0195 min-1 and a lower 95% confidence limit of 0.0180 min-1.  Through the addition of 48.12 ( 0.01g corn syrup (36.09g glucose), the growth rate increased to an average of 0.0239 ( 3.95% min-1, thereby showing a 27.13% ( 5.04% increase in the growth rate.  The slope of the in Figure 2 yielded a growth rate of 0.0244 min-1 with upper 95% confidence limit of 0.0250 min-1 and lower 95% confidence limit of 0.0237 min-1 for the first experimental trial.  The second experimental trial, in which the growth conditions remained the same as those for the first experimental trial, yielded a growth rate of 0.0234 min-1 with upper 95% confidence interval 0.0246 min-1 and lower 95% confidence interval 0.0221 min-1, as can be seen in Figure 3.
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Figure 4: Graphical representation of growth rate constant values with their 95% confidence intervals including the predicted 35.1% growth rate constant increase from the control.  

As shown in Figure 4, the lower bound 95% confidence limit of either experimental growth rate constant does not overlap with the upper bound 95% confidence limit of the control growth rate constant.  This indicates that it is 95% probable that the increase in growth rate constant was not due to experimental error.  It is also worth noting that the confidence intervals of the two experimental trials overlapped with each other thereby indicating reproducible results.  However, because only two experimental trials were performed, the 95% confidence interval of the mean was 0.006340 min-1.  To obtain more precise experimental results, the confidence intervals must be smaller.  This can be accomplished by performing more than two experimental trials.  In addition, the second experimental growth rate constant had the value for the predicted increase constant lie in its upper bound 95% confidence limit.  Therefore, this set of data indicates that the predicted growth rate falls within the experimental results for this trial.    

The growth rate constant does not solely depend on the number of carbons in its energy source, but also on the actual type of carbon source.  In the assays of bacto-tryptone, yeast extract, and casamino acids, it can be noted that they are all composed of the same amino acids.  Therefore, the carbon added in the experiment was comparable to that used by Paalme because the carbon was derived from the same sources. Though other sugars may have the same number of carbons as glucose does, there may be a different efficacy in the transportation of their carbons to the bacteria for use as an energy source.  If the experiment performed by Paalme et al used a different carbon source other than glucose to achieve their maximum growth rate, the trials in this experiment must have been performed with that same source to achieve comparable results.  

Paalme’s experiment differed from what was performed in this laboratory with his use of the a-stat [9] method of growing his culture.  This technique included a continuous addition of an energy source to the media while taking out a certain percentage of the bacteria.  This prolonged the log phase of the bacteria growth and also allowed for the amount of accessible carbon in the media to remain constant thus allowing a greater amount of data to be analyzed.  In contrast, the procedure employed in this lab called for a set amount of bacteria growing in a practically unchanging volume of media, ultimately exhausting the energy source.  The two differing methods in these labs, however, are comparable because the aspect being examined is the percentage increase in the growth rate constant rather than the contrasting of numerical values of the growth rate constants.    

Another aspect of this project, which could be utilized in future trials and is indirectly another means of observing bacteria growth, is pH measurement and manipulation.  Escherichia coli produce lactic and formic acid as byproducts of growth, which lower the pH in a growth media.  In this series of experiments, 1M NaOH was added every 30 minutes in varying amounts to neutralize the acidity of the media.  This was done because the optimal pH for the growth of the bacteria is neutrality.  In addition, the growth rate was determined based on the media rather than on the alteration of environmental conditions (i.e. pH). The relationship that could be exploited in future experiments is the concentration of bacteria’s relationship to the production of acid, and thus pH, of the media.  An increasing amount of bacteria results in a greater amount of acid released into the media, thus lowering the pH by a measurable amount. The assumption here is that the amount of NaOH added to increase the pH of the media to 7 is proportional to the amount of acid produced by the bacteria, and therefore is proportional to the amount of bacteria in the media.  For a modified project, the NaOH necessary to maintain a neutral pH can be recorded to create a function relating the amount of bacteria present to the NaOH added.  Special care would have to be taken, however, to add a precise amount of base that results in a media with a pH of exactly 7.  Difficulties could result due to the fact that time is needed for the base to equilibrate with the system.  A precise determination of the relationship could be difficult to obtain due to this fact. 

Appendix



%amino acid
Mass of carbon in our sample of amino acid (g)**

alanine
4.47
0.090385808

arginine
3.16
0.043576073

Aspartic acid
6.32
0.114055323

cystine
0.513
0.010171085

glycine
2.83
0.045279246

Glutamic acid
11.42
0.233068749

histidine
1.25
0.029028906

Isoleucine
3.07
0.098390024

leucine
4.48
0.123058271

lysine
4.75
0.116282866

methionine
0.944
0.018997359

Phenylalanine
2.36
0.077218246

proline
2.44
0.063638582

serine
3
0.051426736

threonine
2.87
0.057877048

Tryptophan
0.99
0.032022668

tyrosine
0.801
0.023894061

valine
3.88
0.099450875

total

1.327821927

Table 2A: Assay of amino acids in the yeast extract.  

*All masses are based on the 5.0 ( 0.1g of yeast extract that will be used in the experiment.


%amino acid
Mass of carbon in our sample of amino acid (g) **

alanine
2.86
0.115661481

arginine
3.03
0.083566774

Aspartic acid
6.11
0.220531019

cystine
0.42
0.016654407

glycine
1.75
0.055999068

Glutamic acid
17.05
0.695940835

histidine
2.02
0.093821423

Isoleucine
4.4
0.282030037

leucine
7.11
0.390600137

lysine
6.7
0.328040084

methionine
2.57
0.103439012

Phenylalanine
3.71
0.242779399

proline
7.45
0.388612655

serine
4.29
0.147080466

threonine
3.58
0.144390128

Tryptophan
0.71
0.045931504

tyrosine
1.42
0.08471802

valine
5
0.256316688

total

3.696113138

Table 3A: Assay of amino acids in the bacto-tryptone.

*All masses are based on the 10 ( 0.1g bacto-tryptone used in this experiment.


%amino acid
mass of carbon in 1.5 g casamino acid

alanine
3.26
0.019775687

arginine
2.2
0.009101332

aspartic acid
4.76
0.025770728

cystine
0.16
0.00095168

glutamic acid
15.3
0.183596943

glycine
1.31
0.003208267

histidine
1.66
0.011565116

isoleucine
3.34
0.032112966

leucine
5.47
0.045075585

lysine
5.71
0.041935273

methionine
1.28
0.007727739

phenylalanine
2.11
0.020711504

proline
6.17
0.048276646

serine
2.19
0.011262455

threonine
2.41
0.014580176

tryptophan
0.01
9.70384E-05

tyrosine
0.47
0.004206071

valine
4.3
0.033064853

total

0.51302

Table 4A: Assay of amino acids in casamino acids.

*All masses are based on 1.5g casamino acid used.
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		3:06		7						0.060		0.023				241		-2.8134107168		-3.7722610631

		3:21								0.088		0.032				256		-2.4304184645		-3.4420193762

		3:31		6.95						0.104		0.044				266		-2.2633643798		-3.1235656451

		3:41								0.135		0.059				276		-2.0024805005		-2.8302178351

		3:51		7.01						0.195		0.085				286		-1.6347557204		-2.4651040225

		4:01								0.224		0.100				296		-1.4961092271		-2.302585093

		4:11		7.04						0.282		0.122				306		-1.265848208		-2.1037342342

		4:21								0.36		0.158				316		-1.0216512475		-1.845160246

		4:32		6.96						0.51		0.214				327		-0.6733445533		-1.541779264

		4:42								0.648		0.27				337		-0.4338645826		-1.30933332

		4:52		7.03						0.782		0.33				347		-0.2459005384		-1.1086626245

		5:01								0.965		0.384				356		-0.0356271776		-0.9571127264

		5:11		7.03						1.23		0.45				366		0.2070141694		-0.7985076962
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Sheet2

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.998347167

		R Square		0.9966970658

		Adjusted R Square		0.9963667724

		Standard Error		3.9899605353

		Observations		12

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		48039.7188159303		48039.7188159303		3017.6110163365		0

		Residual		10		159.1978507364		15.9197850736

		Total		11		48198.9166666667

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

		Intercept		365.0284425218		2.061886064		177.0361849286		8.12540774382909E-19		360.4342732793		369.6226117643		360.4342732793		369.6226117643

		X Variable 1		53.1439704919		0.9674362803		54.9327863515		0		50.988387756		55.2995532277		50.988387756		55.2995532277

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		171.0710860869		-1.0710860869

		2		186.8682122787		3.1317877213

		3		203.6538921024		1.3461078976

		4		219.7664137035		4.2335862965

		5		250.5475566572		-6.5475566572

		6		261.2952267225		1.7047732775

		7		282.3418905327		-2.3418905327

		8		300.1513503359		-5.1513503359

		9		327.1181971301		-4.1181971301

		10		335.9877709685		1.0122290315

		11		349.1699609599		2.8300390401

		12		365.0284425218		4.9715574782
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confidence

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.998347167

		R Square		0.9966970658

		Adjusted R Square		0.9963667724

		Standard Error		0.0749542377

		Observations		12

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		16.953354365		16.953354365		3017.6110163365		0

		Residual		10		0.0561813775		0.0056181377

		Total		11		17.0095357425

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

		Intercept		-6.8518228641		0.0950464957		-72.0891686868		0		-7.0635996907		-6.6400460376		-7.0635996907		-6.6400460376

		X Variable 1		0.0187546594		0.000341411		54.9327863515		0		0.0179939481		0.0195153707		0.0179939481		0.0195153707

		RESIDUAL OUTPUT

		Observation		Predicted Y		Residuals

		1		-3.663530766		0.013872025

		2		-3.2884375779		-0.0639696396

		3		-3.0071176869		-0.0294365811

		4		-2.6507791583		-0.0825888508

		5		-2.2756859703		0.1215208824

		6		-1.9193474417		-0.0325807797

		7		-1.6005182319		0.0446210863

		8		-1.3191983408		0.0984184182

		9		-0.7940678776		0.0807179897

		10		-0.531502646		-0.0149501554

		11		-0.250182755		-0.0482232808

		12		0.0874011142		-0.0874011142
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Sheet1

		

				inoculation: 11:10am						dilute absorbance 1:3 (1 part media to 3 parts water)

		temp=38.2

		real time		pH		Time (min)		undiluted				ABSORBANCES

										undiluted		dilution 1:2		dilution 1:5				time		ln(abs)

		12:40		6.95		90				0.049		0.014						90		-4.2686979494

		1:00				110				0.072		0.021		0.002				110		-3.8632328413

		1:16		6.95		126						0.023		0.002				126		-3.7722610631

		1:30				140						0.023		0.002				140		-3.7722610631

		1:45		6.95		155						0.024		0.002				155		-3.7297014486

		2:00		6.94		170						0.026		0.002				170		-3.649658741

		2:20		6.97		190						0.035		0.004				190		-3.3524072175

		2:45				205						0.048		0.013				205		-3.0365542681

		3:04		6.94		224						0.065		0.022				224		-2.7333680091

		3:24		6.94		244						0.116		0.041				244		-2.1541650879

		3:43		6.91		263						0.142		0.056				263		-1.9519282214

		4:00				280						0.211		0.086				280		-1.5558971455

		4:15		6.9		295						0.295		0.132				295		-1.2207799226

		4:41		7		323						0.49						323		-0.7133498879

		4:55				337						0.579		0.241				337		-0.5464528014

		5:10		7.15		352						0.742		0.29				352		-0.2984060358

		5:28				370						1						370		0

		5:47				389						0.955						398		-0.0460439385

		Lower 95.0%		Upper 95.0%

		360.4342732793		369.6226117643

		50.988387756		55.2995532277
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9983252049

		R Square		0.9966532148

		Adjusted R Square		0.9961751026

		Standard Error		0.0519795116

		Observations		9

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		5.6322077128		5.6322077128		2084.5593951444		0.0000000006

		Residual		7		0.0189130874		0.0027018696

		Total		8		5.6511208002

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

		Intercept		-6.851923418		0.1338496957		-51.1911766405		0.0000000003		-7.1684274282		-6.5354194078		-7.1684274282		-6.5354194078

		X Variable 1		0.0233566557		0.0005115682		45.6569753175		0.0000000006		0.0221469901		0.0245663214		0.0221469901		0.0245663214





data week 1

		project week 1

		Initial Conditions

				glucose						46.2 g

																*added NaOH to bring pH to 6.99						and changed air flow rate back to 0.75

				temp at start: 37.3												**when checking the pH of the pH solution now, I was 7.12, whereas before (calibration) it was 7

				air flow: 0.75												**Did NOT readjust pH

				pH: 7.02

												**time is time that sample is removed from vessel!!!

		time		dT		cumulative time				absorbance		pH		air flow		temp

		11:00am		0:00		0:00						7.02		0.75		37.3				time (min)		ln (absorbance)

		11:25		0		0		0		0.239		6.93		0.85		37.3				0		-1.4312917271

		11:50		0:25		12/31/99 0:25		25		0.263		6.9		0.75		37.3				25		-1.3356012468

		12:01		0:11		12/31/99 0:36		36		0.262		6.92		0.75		37.3				36		-1.3394107752

		12:21		0:20		12/31/99 0:56		56		0.267				0.75		37.3				56		-1.3205066206

		12:39		0:18		12/31/99 1:14		74		0.274				0.75		37				74		-1.2946271726

		12:54		0:15		12/31/99 1:29		89		0.289				0.75		37				89		-1.2413285909

		13:13		0:19		12/31/99 1:48		108		0.312				0.75		37				108		-1.1647520912

		13:29		0:16		12/31/99 2:04		124		0.320				0.75		37				124		-1.1394342832

		13:47		0:18		12/31/99 2:22		142		0.328				0.75		37				142		-1.1147416706

		14:01		0:14		12/31/99 2:36		156		0.355		6.88		0.75		37				156		-1.0356374895

		14:16		0:15		12/31/99 2:51		171		0.386		6.86		0.75		37				171		-0.9519179095

		14:30		0:14		12/31/99 3:05		185		0.442										185		-0.8164453969

		14:46		0:16		12/31/99 3:21		201		0.12		6.98								201		-2.1202635362		**1:2 dilution

		15:01		0:15		12/31/99 3:36		216		0.155										216		-1.8643301621		**1:2 dilution

		15:16		0:15		12/31/99 3:51		231		0.249		6.89		0.75		37				231		-1.3903023825		**1:2 dilution

		15:47		0:31		12/31/99 4:22		262		0.465		6.85		0.75		37				262		-0.7657178734		**1:2 dilution

		15:53		0:06		12/31/99 4:28		268		0.545				0.75		37				268		-0.6069694843		**1:2 dilution

		15:59		0:06		12/31/99 4:34		274		0.622				0.75		37				274		-0.4748151862		**1:2 dilution

		16:07		0:08		12/31/99 4:42		282		0.742		6.18		0.75		37				282		-0.2984060358		**1:2 dilution

		16:21		0:14		12/31/99 4:56		296		1.04				0.75		37				296		0.0392207132		**1:2 dilution

		16:30		0:09		12/31/99 5:05		305		1.422				0.75		37				305		0.3520643314		**1:2 dilution

		16:39		0:09		12/31/99 5:14		314		0.48				0.75						314		-0.7339691751		1:5 dilution

		16:53		0:14		12/31/99 5:28		328		0.562				0.75						328		-0.5762534291		1:5 dilution

		17:00		0:07		12/31/99 5:35		335		0.55				0.75						335		-0.5978370008		1:5 dilution

		17:10		0:10		12/31/99 5:45		345		0.62				0.75						345		-0.4780358009		1:5 dilution

		17:21		0:11		12/31/99 5:56		356		0.682				0.75						356		-0.3827256211		1:5 dilution

		17:30		0:09		12/31/99 6:05		365		0.73				0.75						365		-0.3147107448		1:5 dilution

		17:41		0:11		12/31/99 6:16		376		0.79		4.96		0.75						376		-0.2357223335		1:5 dilution

		17:51		0:10		12/31/99 6:26		386		0.764				0.75						386		-0.2691874898		1:5 dilution

		18:00		0:09		12/31/99 6:35		395		0.825										395		-0.1923718926		1:5 dilution
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