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Chemostats are Useful for Controlling Variables
● “The chemostat is an experimental apparatus where the chemical 

environment can be maintained static and nutrient availability can 
be controlled by the experimenter.” -ScienceDirect

● Chemostats can be used to investigate the differential utilization of                                                  
fermentation at different metabolic rates.

● Tai paper experimented with a limiting nutrient- either Glucose                                          
(Carbon) or Ammonium (Nitrogen).

● Tai experiment done under anaerobic conditions.
● It is not possible to only change a single parameter without having an 

effect on any others, even using the chemostat culture approach rather 
than the batches.

http://sphinx.murdoch.edu.au/units/extern
/BIO301/teach/download/previous%20ye
ars/student%20websites%202009/03%20
Bioreactors%20for%20ethanol%20produc
tion/background.html
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Parameters Included in Tai et al
 

*Did not know: r,k,L,F
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Parameters from Data Used to Define Unknowns 

12C Glucose 
Limiting

30C Glucose 
Limiting

12C Ammonium 
Limiting

30C Ammonium 
Limiting

T 285K 303K 285K 303K

r 0.08 0.46 0.08 0.46

A 4.9*10^11 4.9*10^11 4.9*10^11 4.9*10^11

B 6.98*10^4 6.98*10^4 6.98*10^4 6.98*10^4

E 14.2857 14.2857 20.0000 25.000

y 0.504 0.054 16.216 15.333
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Investigation of Chemostat Model

Discussed missing 
parameters in Tai et 

al. (2007) paper

Created MatLab files 
with parameters 

stated and tested 
various possibilities

Made one-nutrient 
and two-nutrient 

models

Three equations that 
characterized 

equilibrium were 
utilized

Solved for A and B 
using Arrhenius 

equation

 Solved for r at 
different 

temperatures 
using these 

values

Simulated 
chemostat for these 
temperatures and 
compared results

Extracted y and E 
values from data

Used point-slope and 
slope-intercept 

formulas to develop 
equations relating 

these two variables

Modified existing 
file to use these 
equations and 

compared results

Temperature investigation

Efficiency/Waste investigation



Remaining Parameters Calculated from the following 

Arrhenius Equation:Equilibrium equations used in MATLAB:

Point-slope Equation:

Slope-intercept Formula:
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Chemostat Simulated at Different Temperatures
● Used Glucose-limited condition
● Calculated rates using Arrhenius equation

Temperature Rate

15° 0.1087

20° 0.1787

25° 0.289



Glucose Steady States Remained the Same 

12 degrees Glucose 
limited 

25 degrees Glucose limited 20 degrees Glucose limited 15 degrees Glucose limited 

30 degrees Glucose 
limited 
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Investigating E as a Variable Versus a Constant
● Calculated y values by multiplying residual glucose (rG) by the conversion 

factor to grams
● Used point-slope and slope-intercept formulas to develop equations that 

match both (y,E) points for each temperature

Temperature Function

12°C E = 0.3637y + 14.1022

30°C E = 0.7012y + 14.2483



Using the 12°C Equation Steady States Varied
30 degrees Glucose 

limited adjusted
12 degrees Glucose 

limited adjusted
12 degrees Glucose 

limited 



The 30°C Equation Produced Similar Results 

12 degrees Glucose 
limited adjusted

30 degrees Glucose 
limited 

30 degrees Glucose 
limited adjusted



Conclusions

● Changing the temperature did not affect the steady states

● Glucose levels decreased as temperature levels increased

● The Efficiency (E) did not change with temperature



Future Directions
● Include temperatures outside of the 12 and 30 degree range and see if that 

makes a bigger difference than using the intermediary 15, 20, 25 degrees.
● Investigate a different nutrient’s steady state over time, such as Trehalose.
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