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Medium Modification to Determine a Cost-Efficient Growth Environment for Yeast (Saccharomyces cerevisiae)

BRIEF BACKGROUND:


Many biotechnological processes used in industry bank on the reliable and cost-effect production of Saccharomyces cerevisiae, commonly known as Baker's Yeast. Yeast can grow in the presence of just sugars, which provide a source of glucose. However, yeast grows much faster when provided with proteins as well as biotin, trace metals, and salts, which are needed for growth. Proteins, which serve to provide amino acids as well as perform enzymatic activities, can be supplied through peptone—partially digested proteins. Yeast extract is obtained by the autolysis of yeast cells, and therefore, provides growing yeast with all the necessary components, including biotin, trace metals and salts, as well as proteins. 


Although yeast has been proven to grow effectively with just dextrose, previous experimentation has suggested that the yeast extract has the most significant effect on the reproduction of yeast. “The addition of protein and yeast cell extract hydrolysates allow faster growth so that during exponential or log-phase growth, the cells divide every 90 minutes.”
 Moreover, during the lag phase secondary metabolites required for growth are produced. Since the yeast extract contains ready-made secondary metabolites it reduces the time required for the lag phase to transition into the log phase.

Cost-efficiency of yeast growth is relevant in several sectors of industry. Yeast is used as a fermenting agent in bread-making, wine-making, the production of cheese and yogurt, and the production of various other foods that require fermentation. Besides fermentation, yeast can be used to create yeast extract spread for direct consumption. It is in the best interest of industrial manufacturers to determine the specific combinations of yeast extract, peptone, and dextrose that produce the desired results according to each manufacturer’s financial situation and/or demand for their product.

HYPOTHESIS/OBJECTIVES/AIMS:

The preliminary aim of the experiment was to determine the ratios of yeast extract, peptone and dextrose, which would constitute the optimum growth medium for yeast. The primary aim of the experiment was to determine the most cost-effective of these optimum growth mediums. 


The established standard media ratio was 1.5g (Yeast extract): 3g (Peptone): 3g (Dextrose). It was hypothesized that the concentration of 3g (Yeast extract): 3g (Peptone): 3g (Dextrose) will yield the highest growth rate.  The additional amount of yeast extract will provide the necessary secondary metabolites for the yeast resulting in a reduction of the lag phase.  It is also hypothesized that the concentration of .75g (Yeast Extract): 3g (Peptone): 3 g (Dextrose) will be the most economical. After the lag phase, peptone becomes the most crucial component for the growth phase. Economical effectiveness is determined by the ratio of (amount of cells produced) / (doubling time * cost).  This combination will give the highest ratio due to the reduction of the most expensive component, yeast extract, as well as maintaining the crucial component of peptone.  

 As an extension of the experiment, the relationship between the growth rate constant and the volume of media used was investigated.
GENERAL PROTOCOL:

Our protocol has been designed around the aforementioned hypotheses and objectives.
Week 1:

Goals:

· To determine the optimum concentration of yeast using the standard media mixture to find greatest growth rate constant.
Plan: 

1) Test three different concentrations of yeast using two trials (6 total samples) using standard

      media mixture ratio (Yeast Extract: Peptone: Dextrose) (1.5g:3g:3g) (40 mL used for each 

      sample)







1.0 mg/ml/absorbance








0.5 mg/ml/absorbance








0.25 mg/ml/absorbance

2) 
Decide which concentration of yeast is the most effective using an ANOVA test (n=3), and if 


needed, Bonferroni’s correction.

3) 
Make media mixtures for week 2.
Week 2:

The concentration of yeast determined in week 1 will be used for all further experimentation.

Goals:

· To determine the optimum concentration of yeast extract in the media mixture that will yield either the greatest growth rate constant.
Plan: 

1) Test three different ratios of media mixture modifying the concentration of yeast extract ratios using two trials (6 total samples) (Yeast Extract: Peptone: Dextrose) (g/.150 L) (40 mL used for each sample)





1.5: 3.0: 3.0 

(standard basis of comparison)





0.75: 3.0: 3.0
(decreasing concentration 50%)








3.0: 3.0: 3.0

(increasing concentration 100%)



2)
Determine length of lag and log phase

3) 
Decide which is the most effective concentration of yeast extract for the media mixture, using an ANOVA test (n=3) and Bonferroni’s correction if need be, which will be denoted as X.
4)
Make media mixtures for week 3

Week 3:
Goals:

· To determine the optimum concentration of peptone in the media mixture which will yield either the greatest growth rate constant.
Plan: 


1)
Test three different ratios of media mixture modifying concentration of peptone ratios using two 



trials (6 total samples) (Yeast Extract: Peptone: Dextrose) (7.5 g/.150 L) (40 mL used for each 



sample)







X: 3.0: 3.0 

(standard basis of comparison)








X: 1.5: 3.0

(decreasing concentration 50%)








X: 6.0: 3.0

(increasing concentration 100%)

2) Determine length of lag and log phase.
3) Decide which is the most effective concentration of peptone, using an ANOVA test (n=3) and if needed, Bonferroni’s correction, for the media mixture.

Determine the most cost-effective combination between the 3 optimum combinations use ANOVA testing (n=3) and if needed, Bonferroni’s correction, as well as the yield ratio.
 SPECIFIC METHODS:
For all experimentation:

· Time constraints and efficiency allowed only for 2 samples per each ratio. 
· One person pipetted the media into each 50mL test tube.
· One person inoculated each sample with a specified volume of yeast using the same pipettes and clean tips.
· Every individual sample was inoculated 5 minutes apart. After the final inoculation, absorbance readings were taken every 5 minutes using the spectrophotometer, with 30 minutes between readings for each sample, for the duration of the lab (generally 4-5 hrs), in order to maintain consistency and conduct more accurate measurements. The spectrophotometer was zeroed for every sample using the specific standard media solution.
· Each sample has its own dropper and its own tube for absorbance readings in order to avoid contamination.

Week 1:
The standard media ratio of (Yeast Extract: Peptone: Dextrose)(1.5g:3g:3g) was used with varying amounts of yeast.

2 samples of 1.0 M = 20 mL of standard media + 2.22 mL yeast

2 samples of 0.5 M = 20 mL of standard media + 1.05 mL yeast

2 samples of .25 M = 20 mL of standard media + .513 mL yeast

Because there was a limited amount of standard media and other groups had to use it for experimentation, only 20 mL of media could be used in order to maintain 2 trials per sample. 

No lag phase was witnessed, and thus its length could not be measured. Similarly, the entire log phase was not witnessed so its length could not be measured either.

The media was made for week 2 using the combinations previously stated in the general protocol. All reagents were weighed using the Mettler electronic balance with precision of + .001. Each media mixture was made in 150 mL of water (measured using 150 mL volumetric flask). All media mixtures, which were autoclaved, were prepared in sterilized containers.

Week 2: 

All samples were calculated to have a .25 M concentration. 

Different media mixture ratios (Yeast Extract: Peptone: Dextrose) were used with the same amount of yeast.

2 samples of .25 M = 40 mL of media (1.5: 3.0: 3.0) + 1.03 mL of yeast



2 samples of .25 M = 40 mL of media (.75: 3.0: 3.0) + 1.03 mL of yeast



2 samples of .25 M = 40 mL of media (3.0: 3.0: 3.0) + 1.03 mL of yeast

No lag phase was witnessed, and thus its length could not be measured. Similarly, the entire log phase was not witnessed so its length could not be measured either.

The media was made for week 3 using the combinations previously stated in the general protocol. However, rather than increasing the peptone by 100%, it was inadevertently decreased by 75%. All reagents were weighed using the Mettler electronic balance with precision of + .001. Each media mixture was made in 150 mL of water (measured using 150 mL volumetric flask). All media mixtures, which were autoclaved, were prepared in sterilized containers.

Week 3:

All samples were calculated to have a .25 M concentration

Different media mixture ratios (Yeast Extract: Peptone: Dextrose) were used with the same amount of yeast.

2 samples of .25 M = 40 mL of media    (.75: 1.5: 3.0) + 1.03 mL of yeast

2 samples of .25 M = 40 mL of media    (.75: .75: 3.0) + 1.03 mL of yeast



1 sample of  .25 M  = 18.5 mL of media (.75: 3.0: 3.0) + .474 mL of yeast

1 sample of  .25 M  = 18  mL of media   (.75: 3.0: 3.0) + .462 mL of yeast

Part of the lag phase was witnessed for all samples, and thus when determining the growth rate constant, the appropriate absorbance readings were used.

Media mixture ratio (.75:3:3) was spilled before inoculation, and in order to maintain a .25 M concentration as well as allow T2 to use the media for their experimentation, the amount of yeast was adjusted as such. 

RESULTS:

Yeast was grown for a period of 4.5 hours in standard solution, varying initial yeast concentrations. Two samples were tested for each concentration of 1M, .5M, and .25M. 

	Growth Rate Constants

	Yeast Concentration 
	Avg
	Stdev

	1.0 M
	.00095
	7.1E-5

	0.5 M
	.002
	0

	.25 M
	.003
	1.4E-4


Table 1. Average growth rate constants observed for samples with varied yeast concentrations.

[image: image1.emf]Effects of Initial Cell Concentration

y = 0.0031x - 0.295

R

2

 = 0.9954

y = 0.0029x - 0.2713

R

2

 = 0.9977

y = 0.002x - 0.1861

R

2

 = 0.9962

y = 0.002x - 0.172

R

2

 = 0.9981

y = 0.0009x - 0.0783

R

2

 = 0.9944

y = 0.001x - 0.0829

R

2

 = 0.9947

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0 50 100 150 200 250 300

Time (min)

ln(A/Ao)

1M Sample 1

1M Sample 2

.5M Sample 1

.5M Sample 2

.25M Sample 1

.25M Sample 2


Figure 1. Effects of initial cell concentration shown through a linearized graph of Absorbance vs. Time. 


Absorbance indicates concentration of yeast cells in solution. Slopes indicate the growth rate constant μ in the equation ln(A/Ao)= μt. Figure 1 shows that the growth rate constant increased with a decrease in initial concentration of yeast cells. Plots with the largest slope shown in brown and purple were the .25M samples.

Given an optimum initial cell concentration of .25M, yeast was grown for 4.5 hours varying yeast extract concentration while peptone and dextrose levels were held constant at 3 grams. Yeast extract concentrations of .75, 1.5, and 3.0 (g/150 ml) were tested. There was a discrepancy in spectrophotometer readings at 150 minutes and subsequently only data obtained from 150-270 minutes was used for analysis. 
	Growth Rate Constants

	Yeast Extract (g)
	Avg
	Stdev

	0.75
	.0058
	0

	1.5
	.0046
	.0002

	3
	.0038
	0


Table 2. Average growth rate constants observed for samples with amounts of yeast extract varied.
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Figure 2. Effects of yeast extract concentration shown through a linearized graph of Absorbance vs. Time. 


Absorbance indicates concentration of yeast cells in solution. Slopes indicate the growth rate constant μ in the equation ln(A/Ao)= μt. Figure shows that the growth rate constant increased with a decrease in yeast extract concentration although further statistical analysis showed no statistical difference between the 1.5 and 3.0 g/150 ml concentrations (p>.0167). Plots with the largest slope shown in light blue and yellow were the .75:3:3 ratios.

Using .25M and .75 g/150 ml as the optimum growing conditions of initial cell concentration and yeast extract, peptone content was varied at .75, 1.5, and 3.0 g/150 ml. 110 ml of the .75:3:3 YPD broth was spilled during preparation. Samples for that ratio were prepared at 18 and 18.5 ml rather than 40 ml.
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Figure 3. Effects of peptone concentration shown through a linearized graph of Absorbance vs. Time. 

Absorbance indicates concentration of yeast cells in solution. Slopes indicate the growth rate constant μ in the equation ln(A/Ao)= μt. This figure indicates that there was no statistical difference in slope between yeast cells grown in the 3 variations of peptone concentration (p>.05).

	Growth Rate Constants

	Peptone (g)
	Avg
	Stdev

	0.75
	.00355
	7.07E-05

	1.5
	.00335
	7.07E-05

	3
	.0037
	.000141


Table 3. Table of the growth rate constants observed for samples with varied peptone concentrations. 


Although values indicate a possible trend of increasing growth rate with increasing peptone concentration, statistical testing indicates that the values are not significantly different (p>.05).

The cheapest combination was determined to be .75: .75: 3 while the fastest growing combination was determined to be .75: 3: 3. The equation YR=1000/(cost*doubling time) was used to determine a quantitative yield ratio.

	Composition
	Cost ($)
	Doubling Time (min)
	Yield Ratio

	1.5: 3: 3
	0.80
	231
	5.41

	.75: 3: 3
	0.68
	120
	12.25

	.75: .75: 3
	0.38
	195
	13.5


Table 4. The cost, doubling time, and yield ratios of the standard, fastest growing, and cheapest combinations of media. 


The 38 cent combination had the highest yield ratio; it produced the most cells at the smallest expense of time and cost. The double times of the 80 cent combination and the 38 cent combination were found to be statistically similar (p> .0167). The 68 cent combination was about half the doubling time of the standard media and close to half of the double time of the 38 cent combination because there were found to be statistically similar.
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Figure 4. Correlation coefficients of linearized data for optimum samples and the total average.

The average correlation coefficient for all samples (n=18) was .992817+ .006396. The 3 optimum mixtures were analyzed separately. While the 1.5: 3: 3 (.99655 + .001626) and .75: .75: 3 (.9858 + .006081) combinations lay within the total average standard deviation, the .75: 3: 3 (.98175 + .002616) combination does not. The initial cell concentration of the 3 optimum combinations was .25M while the total average also included the combinations with .5M and 1M.

ANOVA testing showed that there was a statistical difference between the .25M , .5M, and 1M combinations of initial yeast concentration (p<.0167). Consequently, .25M was determined to be the optimum initial cell concentration since it yielded the lowest doubling time of 231 minutes. The doubling times for .5M and 1M solutions were determined to be 347 and 770 minutes, respectively. ANOVA testing also showed that there was a statistical difference between the three concentrations of yeast extracted tested (p< .0167). While the growth in the .75 g/150 ml was significantly different from growth in both the 1.5 and 3.0 g/150 ml solutions (p< .0167), the latter did not show a difference amongst each other (p> .0167). Doubling times were as follows 120, 152, and 182 minutes. Lastly, it was determined through ANOVA testing that there was no statistical difference in solutions with varied peptone concentration (p>.05).

ANOVA testing showed that there was a statistical difference between .75: .75: 3 combination and 1.5: 3: 3 and 75: 3: 3 combinations respectively (p< .0167). It also showed that there was no statistical significance between 1.5: 3: 3 and 75: 3: 3 combinations (p> .0167).

The most cost-efficient growth medium was determined to be a solution of ratio .75: .75: 3. The fastest growth actually occurred with the .75: 3: 3 ratio but the doubling time was offset by its high price.

The preceding results are based on the assumption that there is no relationship between the growth rate constant and the volume of media used.
DISCUSSION:


In week 1, it was found that the samples with .25M initial concentration of yeast yielded the shortest doubling time. This can be attributed to the fact that the media mixture as a whole was a limiting reagent at higher concentrations of yeast. At that point in the experimentation, it was unknown which component of the media mixture was the limiting reagent. 


In week 2, results proved to be counterintuitive to the hypotheses. The least amount of yeast extract produced the highest rate of growth. It is uncertain as to why the results were as such, however there are some possible explanations. Yeast extract is thought to reduce lag time because it provides the secondary metabolites, which would otherwise have to be made during the lag phase. Because, no lag time was witnessed during the duration of the experiment, it is unknown if the lag time was shortened, and if it was how it affected growth. Another possible solution is that the yeast may have been the limiting reagent, and thus larger amounts of yeast extract would be unnecessary. This explanation is somewhat consistent with the experimental findings. It was statistically proven that the media combinations with 1.5 g and 3 g of yeast extract were similar (p> .0167). However, these results were not consistent with the theory of limiting reagents and that the samples with the extraneous yeast extract should ideally yield statistically similar growth rate constants as the .75g combination. Furthermore, it is possible that there were competing organisms in the solution that could have used the excess yeast extract and thereby multiplied quickly enough to consume other resources that the yeast might need as well. This explanation is valid in that it is inevitable that there is at least some type of contamination in the samples. In addition, it has been found that certain types of bacteria such as E. coli use yeast extract as part of their growth medium. 


In week 3, the results concluded that peptone did not have a discernable effect on the growth of the yeast cells assuming there was no relationship between the growth rate constant and the volume of media used. Though the amount of peptone was inadvertently decreased by 75% rather than increased by 100% for two trials, the results show that an increased amount of peptone would not likely have affected the results because the growth rate constants for varying amounts of peptone proved to be statistically similar. A higher amount of peptone would most likely only raise the cost of the media mixture, rather than increase the growth rate. However, only further experimentation can clarify the validity of this assertion. 

These results, however, are contradictory to those of week 2. The .75:3:3 ratio in week 2 yielded a growth rate constant of .0058+0 and in week 3, the ratio yielded a growth rate constant of .0037+ .000141. Although the growth rate constants were shown to be statistically similar in week 3, the 3.0 g combination of peptone qualitatively showed the highest growth rate constant (p>.05). This could possibly be because this solution (.75:3:3) was not tested under the same conditions as the other two samples. Testing for this combination was done with 18 ml and 18.5 ml of solution because the original container was spilled during preparation rather than 40 ml samples. It is probable that an element of human error was present due to the time constraints of sampling (every 5 minutes) and the haste at which the problem of spilling the solution, in order to maintain an initial concentration of .25 M of yeast, was dealt with. Qualitatively, there was found to be a positive correlation between peptone and the growth rate constant at a constant concentration of .25M. If there is a direct relationship between the volume of media used and the growth rate constant (see APPENDIX), it was concluded that 3 g of peptone yielded the highest growth rate constant (p<.0167). 

Analysis of the correlation coefficients of all growth rate constants showed that there is limited variance in the data, and thus there is a greater validity in the actual growth rate constants. The total average correlation coefficient for all samples (n=18) was .992817 + .006396. A value of .992817 is deemed as a very strong correlation and these experimental values have a great degree of validity. While the 1.5:3:3 and .75: .75: 3 combinations lay within the total average standard deviation, the .75:3:3 combination does not. The total average correlation coefficient ranges as far down as .986421, whereas the .75: 3: 3 combination ranges as far high as .984366, a total difference of .002055. Normally, there would be cause for concern if the correlation coefficient did not fall within the standard deviation of the average, but because the correlation coefficient for the .75:3:3 mixture is still relatively high (.98175 + .002616) the value of the growth rate constant was deemed valid. A correlation value of .98175 shows a very strong correlation, and though error analysis may deem it as erroneous, the number in itself cannot be disregarded. 


The average expense determined by the ratio used and the standard price (Media A) provided was $.80 per 150 ml of media. The two cost-effective prices derived were $.68 per 150 ml (Media B), with half the doubling time of the yeast in the standard media and $.38 (Media C) per 150 ml of media providing the same yeast production as the standard media. The $.68 per 150 ml would be very cost efficient if a company desired a greater yeast production. If however, the company was experiencing monetary distress and desired to cut production costs but maintain the yeast yield, they could reduce the costs by $.42 and still get the standard media yield by using Media C. If there is a direct relationship between the volume of media used and the growth rate constant, the cost-effective combinations remain the same as when there was no assumed relationship (see APPENDIX).  
In extrapolating this investigation, carrying out trials on the effect of variable dextrose concentration on yeast growth would be useful such that even more cost-effective media ratios can be sought. Given more time, the dextrose investigation would be a priority. Additionally, given time and the appropriate equipment, questioning the effects of temperature and pH on yeast production in the most effective growth media would be an interesting inquiry. To obtain a more accurate cost-effective media mixture, better observation of the entire lag and log phases is required. Testing the effect of different conditions on increasing/decreasing the duration of the lag phase is also an important aspect of future experimentation.

APPENDIX:

In extension of the data presented, it was noted that the volume of media used for each sample was inconsistent due to the limited resources as well as accidents. It was thought that there might be a direct relationship between the growth rate constant and the volume of media used, though the sample as a whole will have the same concentration. There were 4 ratios (8 trials) that had the same concentrations and media mixture ratios, however, the volumes of media used varied. Using the formula:
μ1*V1 (greater volume of media used in mL) = α*μ2*V2 (smaller volume of media used in mL)

where μ was the growth rate constant for the corresponding volume, α was determined for each combination. There were eight viable combinations for which α were determined. The average α was determined to equal 3.238. Using the aforementioned formula, data was extrapolated so that all samples had growth rate constants corresponding to using 40 mL of media. For those samples that used 40 mL of media, the values were kept the same.
	Growth Rate Constants
	

	Yeast Concentration
	Avg
	Stdev

	1M
	0.00155
	7.10E-05

	.5M
	0.0032
	0

	.25M
	0.00485
	2.10E-04


Table 1. Average growth rate constants observed for samples with varied yeast concentrations.

	
It was found through ANOVA testing and Bonferroni’s correction, that all three growth rate constants were statistically different (p <.0167). Therefore, the most optimum concentration to be used was .25M.

Growth Rate Constants

	Yeast Extract (g)
	Avg
	Stdev

	0.75
	.0058
	0

	1.5
	.0046
	.0002

	3
	.0038
	0


Table 2. Average growth rate constants observed for samples with amounts of yeast extract varied.


For further information, refer back to this RESULTS section because they are identical. 

	Growth Rate Constants

	Peptone (g)
	Avg
	Stdev

	0.75
	.00335
	0

	1.5
	.00355
	.0002

	3
	.00545
	0


Table 3. Average growth rate constants observed for samples with varied peptone amounts. 


Through ANOVA testing, it was found that there no statistical difference between .75 g and 1.5 g of peptone (p>.0167). However, there was a statistical difference between 3 g and .75g and 3 g and 1.5 g (p<.0167). It was determined that the optimum amount of peptone to be used was 3 g.

When performing an ANOVA test of the three weeks between optimum growth rate constants, where the concentration stayed the same for weeks 2 and 3, there was no statistical difference (p>.05). The (.75:3:3) combination was determined to be more cost-effective than the standard, because it yields the same product at a cost of 12 cents less.

When performing an ANOVA test between the standard, .75:3:3, and .75:.75:3 combinations, it was found that all growth rate constants were statistically different (p<.0167). The doubling times differed from those found in the RESULTS section, but ultimately the most cost-effective combinations remained the same. 
	Composition
	Cost ($)
	Doubling Time (min)
	Yield Ratio

	1.5: 3: 3
	0.80
	143
	8.75

	.75: 3: 3
	0.68
	120
	12.31

	.75: .75: 3
	0.38
	195
	13.48


� Talron Biotech LTD., “YPD,” Mar. 8, 2004, Mar. 28, 2004 <http://www.talron.co.il/products/prod51.htm>.
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