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What Is Yeast?

One of two unicell ul
microorganisms of the Saccharomyces
genuso

e Yeast is a Eukaryotic sugar-eating
fungus

e the most thoroughly researched
eukaryotic microorganism

e Consume Sugar, Protiens, et. Al. to
reproduce, produce CO2, ethanol, and
other flavor by-products
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The Role of Yeast In
Brewing

Unwittingly, ancient brewers domesticated
yeast.Selected yeast that made good
beer.

Deduced that yeast was important to make
beer. Collect the creamy foam or
sediment from one brew. Use it to pitch
the next brew



Famous Yeast
Wranglers

1866- Louis Pasteur

Yeast was responsible for modern
germ theory. Killed spontaneous
fermentation theory

1883- Emil Christian Hansen
Developed pure culture technique
Isolated pure cultures of brewing
YEERS




Strain Differentiation

Ale Vs Lager

Alcohol Tolerance
Attenuation

Oxygen Requirements

Production of Flavor compounds

e Esters, higher alcohols, sulphur
compounds



Attenuation

Attenuation % of a particular yeast
describes its ability to consume
sugar

Commonly listed as %
Strain Dependent

Apparent vs Actual




Flocculation

The tendency of
toget hero and f

Kreausen
Also strain dependent

This is a colony of true top
cropping ale yeast. Notice how
they floc together



The 2 MainTypes of
Brewing Yeasts

Two types of brewing yeasts,
originally classified on flocculation
behavior

e Top-fermenting
Ale yeast
Weiss yeast

£ Bottom-fermenting
Lager yeast



Ale Yeast

Predominant brewing yeast prior to the mid-
1800s.

Displaced by lager yeast
In mMost commercial breweries

Strains are genetically more diverse - several
origins

Warm fermentation temp
Short Maturation Time (14 Days +/-)

Complex esters and aromas



Lager Yeast

Bavarian in origin. 1400s in Munich

cool fermentations (selective pressure)
Taken to Pilsen and Copenhagen in 1840s

Became very popular T mostly displaced ale yeast
Popularity fueled by advances of Industrial Revolution
Steam power, refrigeration, railroads, pasteurization and
filtration technology

Strains are closely related - common origins

Cool fermentation temperat
Beers are more delicate, clean, drinkable, and less
aromatic



Distinguishing
Characteristics
Ale vs Lagere

Colony morphology

Microscopic appearance
Chain formation for Weiss and ale, not so much for

lager

Fermentation characteristics

Flocculation behavior / flavor compound profiles
Growth at 37 DC

Melibiase (for fermenting Melibiose aka Raffinose)

Yeast 3 7 BNdélibiase POF
Lager - + -
Ale + - -

Weiss + - +



Why do yeast Ferment
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Why Fermentation?

Glycolisis products for
membrane synthesis

Glucose above 0.4%
Yeast nglutt
Vestigial mitochondria

No Aerobic respiration in
aerobic respiration fermentation beer

alcohol + CO, lactate

(yeast, plants)  (animals)







Growth Vs. Flavor

Yeast growth affects beer flavor.

e Some growth = reduced ester formation

e HUGE growth can = tons of
O2 will reduce it

Need balance between yeast growth and beer
flavor.

The brewer needs...

Desired flavor profile in desired time.

Sufficient yeast crop for subsequent fermentations.
Oxygen is a growth limiting nutrient and a Control
point



Higher or Fusel
Alcohols

"spicy," "hot," or "solvent-like."
at higher temperatures,

at lower pH,

Waste product

Produced when limited by low
nitrogen yeast activity Is (protein)
content

£ Lots of simple sugars



Higher Alcohols

Fromed during amino acid systhesis

Alcohol Amino Acid a-keto acid

Isoamyl Leucine a-ketoisocaproate
Amyl| Isoleucine a-keto-3methylvalerate
Isobutanol Valine a-ketoisovalerate
Propanol Threonine a-keto-butyratélcoholic,

solventy, and fruity flavor notes



Controlling Higher or
oFusel o Al «

Fermentation Temperature

Wort Gravity: High=High!

Keep out Wild yeasts

Inadequate aeration

Pitching rate: More growth = more Fusels

Remember, these are related to Amino acid synthesis so:

e Low amino worts produce more higher alcohols (lots of
corn or corn sugar + high g



What are Esters?

Flavor compound naturally created
In fermentation.

Y
Banana, apple, orange etc.

e flowery
Roses, etc

E sSpicy


http://www.esljunction.com/esl-efl-flashcards/food-fruit-flashcards/big/free-Apple-flashcard.htm

Ester Formation

alcohol + organic acid -> ester

Most common organic acid Is
Acetyl CoA

Alcohol + Acetyl CoA -> Ester

Method to get rid of higher alcohols


http://www.esljunction.com/esl-efl-flashcards/food-fruit-flashcards/big/free-Apple-flashcard.htm
http://www.esljunction.com/esl-efl-flashcards/food-fruit-flashcards/big/free-banana-flashcard.htm

Acetyl CoA

e Key role in AA synthesis (Growth, Membrane
Synthesis)

e Any restriction of cell growth will elevate
acetate esters as the cells to dump Acetyl
CoA like:

Low levels of O2
Overpithing
Provided alcohols are present





http://en.wikipedia.org/wiki/Image:Ester-general.png

When do Esters form?

Mostly in the first 30 hours and
especially in the first 8 hours

Control here for best effect on beer
flavor



Controlling Esters

Choice of strain
e Each has own ester profile
Fermentation Temperature
Wort aeration
e More O2 = fluid membranes = less ester formation
Wort gravity
e Higher gravity = less O2 = more esters

Presence of Unsaturated Fatty Acids
e Trub = lower levels of ester
e UFAs are stablility negative!!

Fermentation temperature: Higher = more esters
Shape of Fermentor

Pressure = reduced ester formation

Pitching rate: increased by a factor of 4 reduces esters



Common Higher or
OoFusel o al «

1-propanol

2-propanol

butanol (various isomers)
amyl alcohol

furfural



Vicinal Diketones (VDK

Diacetyl (butter) and 2,3-pentanedione (honey)

Buttery, butterscotch flavor

Produced by yeast, and usually reduced
during a good maturation with healthy yeast

AAL as a way to reduce pyruvate synthesis



Worts deficient in
valine tend to lead to
elevated diacetyl levels






http://en.wikipedia.org/wiki/Image:Diacetyl_structure.png

Sulphur Compounds

Hydrogen Sulfide

£ Produced by yeast during
fermentation

£ Usually driven off by CO2 and time

£ Other sulfur compounds exist, but
their production is not yet
completely understood



The Yeast Life Cycle

Lag phase

Growth Phase
Fermentation
Flocculation / settling



Lag Phase

Triggered by O2

Utilize glycogen

Adjust to pH

adapt to the new environment

e Enzyme production
EEnNnvVvI ronment al Nnac

Getting ready to GO
1-12 hours



Growth Phase

Divide to reach optimal density
Begin pref uptake of simple sugars
Oxygen limited



Fermentation

Reduction of wort gravity
Usually 3-7 days
Production of

e CO2

e Ethanol

£ Flavor compounds



Sedimentation

Floc and settle
Glycogen production
£ Storage protein

£ Great insulator

£ Preserve life



low kKrausen phase



high krausen stage



late krausen phase



TCA Cycle
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Bacteria

Not Yeast

Someti mes desired
usually

Mostly concerned with Lactic Acid
Bacteria (beer spoilers)

e Low pH
e Acidic environment
e Anerobic
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