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Introduction
The aim of this experiment is to determine the stoichiometry of fermentation         in yeast.  This involves measuring the amounts of ethanol and carbon dioxide produced during the fermentation of a measured quantity of glucose.    

The determinations can be achieved by setting up the fermentation process in a Thunberg tube and trapping the carbon dioxide evolved in potassium hydroxide solution in the side arm.  Initial and final glucose and ethanol concentrations can then be determined by colorimetric and titrimetric methods respectively and the carbon dioxide produced can be determined by titration.

Reagents

5% yeast suspension

0.1M glucose
4M KOH (CAUTION - corrosive)

1mM glucose

Glucose oxidase reagent (CAUTION - toxic)

1/15 M potassium dichromate in 5M H2 SO4  (CAUTION - corrosive)

0.1M sodium thiosulphate

50% potassium iodide (KI)

1.2M ammonium chloride (NH4 CL)

0.25M barium chloride (BaCL2)   (CAUTION - harmful)

CO2 - free water

0.1M HCL  (CAUTION - corrosive)

0.1M  NaOH  (CAUTION - corrosive)

Methyl orange indicator

Procedure

1. Setting up the fermentation
Pipette 2 cm3 of 5% yeast suspension and 2 cm3 of 0.1M glucose into two Thunberg tubes and two centrifuge tubes.  The latter will serve as controls (C1 and C2).  Pipette 1 cm3 of 4M KOH into the stoppers of the Thunberg tubes.  Place the stoppers (lightly greased) into the tubes and evacuate the tubes cautiously using a pump.  After complete evacuation, close the stoppers and detach the tubes from the pump.  Place the Thunberg tubes in a water bath at 30ºC and immediately spin the control tubes in a bench centrifuge at 3000 rpm for 5 minutes.  Remove the supernatant fluid carefully and store on ice.  This will be used later for the determination of glucose and ethanol levels prior to fermentation.

Allow fermentation to proceed for 30 minutes; then open the Thunberg tubes to the air and carefully remove the stoppers.  Transfer the fluid in the Thunberg tubes to centrifuge tubes and spin as before.  Remove the supernatant fluid carefully and store on ice.  Label the supernatants F1 and F2.  These will be used for determination of glucose and ethanol levels after fermentation.

2. Determination of glucose uptake
Set up 11 tubes as follows:

Into tubes C1 and C2, pipette 0.5 cm3 of a 1 in 100 dilution of supernatants C1 and C2.  Into tubes F1 and F2, do the same for supernatants F1 and F2.  Into tubes S1 and S2, pipette 0.1 cm3 of 1mM glucose and 0.4 cm3 of water;  into S3 and S4, pipette 0.3 cm3 of 1mM glucose and 0.2 cm3 water;  into S5 and S6, pipette 0.5 cm3 of 1mM glucose.  Finally into tube B, pipette 0.5 cm3 of water.  Add 5.0 cm3 of glucose oxidase reagent to each tube and incubate at 37ºC for 30 minutes.  Read the absorbances at 455 nm against the water blank B using a spectrophotometer.

Plot the absorbances of the standards against the quantity of glucose per tube and from the calibration graph determine the glucose uptake during the fermentation period (10 marks).

3. Determination of ethanol formed
The method used is that of Conway and the underlying principles are as follows.  Ethanol in the test solution is allowed to diffuse into excess potassium dichromate at 37ºC.  As a result some of the dichromate will be reduced.  The unreacted (ie residual) dichromate is determined by allowing it to release iodine from potassium iodide and then titrating the liberated iodine against sodium thiosulphate.  The relationship between moles of thiosulphate required and moles of alcohol present initially can be worked out from the equations for the reactions (see below).

Pipette 0.5 cm3 of  1/15 M potassium dichromate into the inner compartment of a Conway dish and 0.25 cm3 of the solution to be analysed into the outer compartment.  Set up dishes C1, C2, F1 and F2 using 0.25 cm3 of the undiluted supernatant.  Slide a greased lid over the dish and place it in a 37ºC incubator (or warm room) for 45 minutes.  

Prepare a 2cm3 microburette with 0.1M sodium thiosulphate.  At the end of the incubation period, add 0.5 cm3 of 50% KI to the inner compartment of each Conway dish and titrate to the green blue colour of chromic ion while stirring with a thin glass rod.  Check that you have definitely reached the endpoint of the titration. The difference between the titres for the C dishes and the F dishes represents the quantity of thiosulphate equivalent to the ethanol formed during fermentation.

By reference to the following equations, calculate the moles of thiosulphate required per mole of ethanol present – show your calculation (10 marks).  

2K2Cr2O7 + 3CH3CH2OH + 8H2SO4










 SYMBOL 174 \f "Symbol" 3CH3COOH + 2Cr2(SO4)3 + 2K2SO4 + 11H2O

K2Cr2O7  +  6KI  +  7H2SO4   SYMBOL 174 \f "Symbol"  3I2   +   Cr2(SO4)3   +  4K2SO4  + 7H2O

2Na2S2O3  +  I2   SYMBOL 174 \f "Symbol"   2NaI  +  Na2S4O6
Now calculate moles of ethanol formed per mole of glucose uptake – show your calculation (10 marks)..

4.  Determination of carbon dioxide produced
Transfer the KOH from the side arm of each Thunberg tube to a centrifuge tube using a Pasteur pipette.  Add approximately 1 cm3 of CO2 - free water to the side arm and transfer this washing to the centrifuge tube.  Wash in this way three times adding each washing to the tube.  Add 4 cm3 of 1.2M NH4CL to the tubes and stopper lightly with a plastic stopper.

Place the tubes in a boiling water bath for 5 minutes and add 4 cm3 of 0.25 M BaCL2 to the hot solution.  Restopper lightly to exclude atmospheric CO2 and allow to cool.  Centrifuge down the barium carbonate for 5 minutes, resuspend in approximately 10 cm3 of CO2 - free water and recentrifuge.  Wash the precipitate once more in the same way.

Add 10 cm3 of 0.1M HC1 to dissolve the precipitate and titrate the unreacted HCL with 0.1 M NaOH using methyl orange indicator.

Titrate 10 cm3 of 0.1M HCL directly.

From the difference between these titres, calculate the moles of carbon dioxide produced per mole of glucose uptake– show your calculation (10 marks)..

Discussion
Comment of possible sources of error in the experiment (5 marks).

For what reasons might your calculated stoichiometry differ from that expected (5 marks)?
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