Fermentation®

Wine is made by yeast; yeast digests the sugapsape juice and produces alcohol as a waste product
This process is called fermentation. The alcotidbxic to the yeast, though, and the yeast isteadin
killed by the alcohol. This stops fermentationd dime liquid has become wine, with about 8%-12%
alcohol content. Although alcohol isn't a “speciasacts like a predator on yeast. In this gty will
discuss a model that describes the interactiongdast sugar, yeast and alcohol.

Constructing the First Model: Suppose that is the amount of yeast that is present Anslthe
amount of alcohol present in the mixture. Thesenaeasured in pounds.

Question 1: In the absence of alcohol, the yeast grows limgiby. That is, if yeast had the brains to
produce a good plumbing system, it would blissfgltgw to the capacity of its environment.
Unfortunately, yeasties are stupid as doornailsylsen they produce alcohol as a waste product, they
just leave it lying around willy nilly to poisonéim. Since the poisoning process requires intemacti
between yeast and alcohol, the yeast cells digategroportional to the product of the amounyedst
and the amount of alcohol present. Moreover, tlastyeonsume the sugar in the grape juice which
limits their food supply. Assume that the carryoapacity of the environment is 10. Write a
differential equation that describes the rate @inge in the amount of yeast as a functiol ahdA.

Question 2: The alcohol is produced by the yeast, it iseéfae reasonable to assume that the amount
of alcohol produced is proportional to the amoungeast that is present. (You should be sure you
understand why this is so.) Suppose that eachdootipeast produces .05 Ibs of alcohol per hour.
Write a differential equation that represents tite of change of th& as a function oY.

You should now have a system of two differentialaepns that model the interactions betw¥andA.
For now, you will assume that the sugar is not ugetly the yeast and that the sugar level is kiept a
threshold that leaves the carrying capacity atAlthe beginning of the wine making process, $db
yeast is dumped into a vat of grape juice. Asstiraethe vat contains 25 Ibs of sugar at the outShe
yeast feeds on the sugar in the juice and begigeotw; this starts the fermentation process.

Analysisof the First Model: The unknown coefficients in your differentialuegion forY represent,
respectively, the growth rate of the yeast popoitatn the absence of alcohol and the presenceesatypl
of sugar and room and the toxicity rate of the latdo (Which iswhich?) For now, assume that the
natural growth rate is .2 and the toxicity ratelis

Question 3: Analyze the model using Euler's method in oreproduce graphs that show the amount
of yeast and alcohol over time. Also give the femaounts of yeast and alcohol. Then describe in
words what happens. How long does it take fomptloeess to end? (Define this to be the time when

! This lab is adapted from the book Calculus in Ceiriby Callahan et. al. Some portions of the lab aken verbatim from
that source.



there is less than .01 Ib of yeast left.) How maldohol do you end up with? How well do your résul
fit your intuition about how the fermentation preseought to proceed?

Question 5---Varying parameters. What happens to the wine making process if étesrof toxicity
and alcohol production vary? (How long does it thikethe process to end? What does it do to the
overall alcohol content of the wine?)

a) What happens to the wine making process if youesse the toxicity rate of the alcohol by a
factor of 5?

b) What happens to the wine making process if youea®e the rate of alcohol production by a
factor of 5?

c) What happens if you do both at once? (Decreaseittpky a factor of 5 and increase alcohol
production by the same factor.)

d) Experiment and describe the long-term effect orféen@entation process of different values for
the toxicity and the alcohol production.

Constructing the Second Model: In this model you will assume that the sugar isscomed and that
the carrying capacity therefore depends on the atmmfuisugar present. Assume that the amount of
sugar isSand that the carrying capacity i§.4Sis also measured in pounds.

Question 6: It is reasonable to assume that the sugar is aoedin amounts proportional to the
amount of yeast present in the juice. Supposethieageast consumes .15 Ibs of sugar per Ib otyeas
Write a differential equation that describes whegtens to the sugar over time.

Question 7: Now use Euler’'s method to analyze your refined ehodVhat happens? How long does it
take before there is only .01 Ib of yeast left? Howuch sugar is left? How much alcohol has been
produced by that time?



