Nutrients & Off Flavours

Sorry for the Arnold References!
ESCARPMENT 4
LABORATORIES
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Knowledge Base YouTube Blog

>80 entries >50 hours of content Technical blogs,
Including strain specific Including “yeast basics” recipes, and more
yeast data and flavour series

FERMENTATION SHOULD BE EASY.

[ soanen
THE ULTIMATE COST
. SAVING GUIDE TO
BREWING WITH
YEAST

See also: Lallemand Brewing resources including Biotransformation guide



WE ARE
TURNING 10
YEARS OLD!




Who am I?

ara

Hi, I’'m Nate Ferguson, co-founder of Escarpment
Labs and a professor in the Brewmaster and
Brewery Operations Program at Niagara College.

While this content is independent of my teaching
role at Niagara College, it reflects my passion for
sharing brewing knowledge.

My goal is to provide free, accessible insights into
brewing science, techniques, methods, and
tools—helping both professional brewers and
homebrewers elevate the quality of their beer.



The 5 senses
It is widely agreed that humans |
have 5 senses
&

Evolutionary speaking - we have
these senses to help us thrive
and avoid death!

We use these sense while we
are consuming food as well!

@
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Why do we call them off flavours?




There are a few different “Camps” of Off Flavours!

1. Biological

Compounds that we

biologically have a 2. Learned Response
reversion to

Compounds that
They trigger a through societal/ cultural
“disgust” response norms we see as

negative

3. Negativity Bias

If we are unable to
comprehend or
understand it - then we
are evolutionarily
programmed to view
them as a threat!
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Biological Programmed “Off Flavours”

You are born with there!
These generally stem from tones associated with

Rot
Decay
Death
Poison

Awn

Avoiding these provides an evolutionary
advantage to the organism which is why they are
present!
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Biological Programmed “Off Flavours”

An example

1. Butyric acid (rotting)
2. DMS

a. Commonly associated with rotting or other toxic
compounds

3. Aldehydes & Fusels (Poison!)
4. Very bitter or tannic (hop burn)
5. A high concentration of anything!

Processed by the most primitive part of your brain!
They trigger a “disgust” reflex
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Learned Response

These are flavours associations we learn

Different populations around the world have
different preferences partially because of this

Examples:

1. Diacetyl
2. Flavour combinations

These are driven by emotions and can be
programmed through exposure!
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Negativity Bias - Fear of the unknown

In evolutionary terms:

o« Unfamiliar = Potential Threat
 Ambiguity = Risk
o Quick aversion = Survival advantage

“If something is off, but you don't know what - » P. i
 WEFEAR CHANGE

get out or you may be eaten!”

Our nervous system developed a | .
“better safe than sorry” bias toward unfamiliar ¥ |

stimuli. (\\ ~

- makeagitcom



—MESCARPMENT What is The Picture?

Detection threshold = Recognition threshold =
“its a painting of a face” “it's The Mona Lisa!”

Sub Detection= Sub-Recognition
“it's a just a colour” = Messy :S
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Why do we care about off flavours?

Off flavours take up cognitive bandwidth as our 1-5 THE 9‘.48‘
brains try and determine if what we are drinking is “b\-‘ 50“
literally going to poison us

We want beer that we can enjoy more - and not
have our nervous system freak out

Less off flavours = more positive flavour
enhancement!




Today’s Talk
The Goal Of Today:

To give you a better understanding of
by showing how you (or Arnold
Schwarzenegger) are similar to yeast cells

How are we going to do that?

1. Viability vs Vitality

(Terminator vs Governator)
2. How we both breath and why
3. Why nutrition is important
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Why Use Arnold?

Arnold is the
1.  We all know who he is
2. He publicly was in peak health
3. He publicly has been in poor health
4. Depending on the situation - we can all

think of the version of Arnold that we
would want to help us in certain
situations

He has been very public about when he
has had missteps

| am a fan :)
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Before We Begin - Do we all know who Arnold Schwarzenegger is?

Arnold Schwarzenegger is an Austrian-American actor, film
producer, businessman, retired professional bodybuilder and
politician

He began as a professional bodybuilder where in 1967 he won the
Mr.Universe competition which he subsequently won seven

additional times

He retired from bodybuilding and began an action star in the 80’s
with such movies as Terminator, Predator, Conan the Barbarian, etc

He was the governor of California from 2003-2011

He is currently 77 years old, has had two heart surgeries, can no
longer lift heavy weights

We will be using him as an example throughout the talk today




Todays TL;DR

“I am a brewer, not a scientist - what is the main __
take away from today?” |

Hereitis

The better you take care of your yeast - the better they
will take care of you

They need many of the same things you do!

They need proper nutrition and oxygen....Just like Arnold



Viability:

® How much of the population is alive vs
dead

Vitality:

® “refers to the physiological capabilities and
health of living cells, encompassing their
ability to function, metabolize, and respond
to stimuli, while cell viability simply
measures the percentage of live cells in a
population”

® The cells ability to do work (ferment)

“I'll be back!”

(Strangeland. comnt
s

“Oh, my back!”



1. Viability Vs. Vitality

| have seen many get confused with this
Here is how humans stack up
Current live humans: V8 Billion

Total number of bodies (or recognizable as
bodies) on earth: “11 Billion (Alive + Dead)

8 billion/11 Billion = Y73% alive

If we were yeast cells, we as a species would
be about 73% Via ble i i - '_lr..\;n.q'.vl.nm: €O

(Note: 100 Billion humans have died, but only 3 Billion
of their skeletons are predicted to still be present)

“I'll be back!” “Oh, my back!”



move a couch?

How many of each
will we need?

When we think of
inoculation or pitch
rate - we need to
keep this in mind




ESCARPMENT
— 1) EABORATORIES

1. Viability Vs. Vitality
How does this apply to yeast?

Healthier yeast can do MUCH MORE WORK than poor health cells

Just like Arnold and the couch - we need far fewer healthy Arnolds to do the
work, we need far fewer

So - how do we tell if our cells are healthy?

Lets first look at some humans



hat does a well taken care of cell look like?

W
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What does a well taken care of cell look like?

Without a microscope....
KISS - Keep It Simple Stupid
Good Yeast

1.  Smells and tastes good
2. Is smooth and consistent in consistency
3. No debris or chunks

That's it!

(Note: culture in the picture is very thick - this would not come out
of a tank like this.



—Til) FREoRATORIES  Similarities!
EXPOSURE TO OXYGEN/NO OXYGEN
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EASORATORIES
Oxxgen and Fermentation

Yeast - just like us - prefer to be aerated

Yeast tolerate anaerobic fermentation

THEY DON'T LIKE IT!

The modernization of fermentation has prevented this
from occurring and the cells are worse off

This is a necessary change - for the most part

Why do yeast need oxygen?
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Yeast need oxygen (just like us!) to generate
energy!

What they do with that energy is important

When we think cellular energy -

Yeast (and humans) generate a substance called
NADH before ATP which is for our purpose more
important!

Why does Yeast Need Oxygen

Ry, > 3
peopletdiscussl
Il == energy molecu




Why does Yeast Need Oxygen
- NAD+ I

\

It is a more effective way for cells to move energy
around and apply it to different functions

electrons

| can't carry this energy for you

NAD+ |
in yeast results in OFF FLAVOURS

o i/
+ WP P
o electrons
WELhe ; w But | can carry you!
2 Pyruvate i P v
NAD+ INA'D H] €O, N ; /' s
NAD* INAD HJ o, g Rk
2 Acetaldehyde ' R ) A | ,.( A
2 Ethanol j ’ 2 v/
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NADH is essential for Health!

NADH is needed to break down all things that
promote a high quality beer such as Diacetyl and
Acetaldehyde reduction

NADH/+ H*
NAD* OH
o) H
\ / |
\C = CH»
alcohol |

CH; dehydrogenase CH3
Acetaldehyde Ethanol

CO2+2H

CH,—~ CO—CO—CH,

Diacetyl <«

L

Acetoin

\—v NAD"
Y

-

2,3-Butanediol

CHy~CHOH~CHOH - CH,

»NAD"



Glucose
2 Pyruvate
NEUTRAL l\, o

2 Acetaldehyde

i

2 Ethanol «
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Aerobic Respiration

Aerobic respiration is the only process
where generate surplus NADH

This is done via the Citric Acid Cycle
where 1 molecule of pyruvate yields 4-5
molecules of NADH

One molecule of glucose yields 8-10
molecules of NADH

This process only occurs with Oxygen

Aeroation is how we increase NADH
levels!!!

@-@-@® ryruvate

D o
oo,

@@ Acetyl-CoA
CoA
N
o000

QAL

| NADH | 000000
D Citric acid
| NAD'
> 0co,
| FAD
*oo0 PP PPN
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How to get more NADH?

The #1thing you can do to increase
yeast NADH levels is give them
oxygen!

Proper nutrition will preserve the
amount of NADH present for the cells to
use to maintain health!

® Yeast nutrient help keep NADH
levels high

So - how does oxygen do this?
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So Oxygen is important - How do | get it to my yeast?

We are going to look at 3 areas that I find
people struggle with wort aeration!

1) Contact Time
2) Agitation/Solubility
3) Yeast Lag Time

These are not the only things, they are the
things | find people struggle with the most

See Video Series!



https://youtu.be/JoXL8D-KkuI?si=gr6yNoM_PbH4XHpQ
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Aeration Summary:

Successful aeration can be achieved in ANY ONE OF THREE STEPS!

1) Aeration stone - Excellently operating and sized (larger stone is better)
2) Agitation and turbulence - Static mixers and pressures in check!

a) Ventrulies, turbulence inducers, etc (Lots we didn’t go over here)
3) Extended line contact time (longer hoses)

This also all hinges on the cells being healthy enough to quickly consume the soluble oxygen
Any one will technically on its own work, but it is best to have all 3 for Redundancy

E.G. if your stone is unknowingly dirty, longer line length and a static mixer will help enhance wort
DO levels despite the non-ideal stone



Similarities!

__Lack of Nutrition




Why is nutrition important?

Yeast - like humans - need certain
nutrients in order to be happy and
healthy

Improper nutrition in yeast typically leads
to off flavours!

We nor our yeast can eat junk food (sugar)
all the time, we need certain molecules!

So what do yeast need?
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Too Little FAN (Protein) = Fusels

Yeast cells (like you) need FAN (protein) in order to When they make these Amino Acids (A.A.)
build more of themselves!

sometimes there are offcuts - mistakes, errors
FAN = Free Amino Nitrogen - needed for Amino
Acid production in metabolism that lead to FUSEL ALCOHOLS

When they do not have enough - just like you - they Let’s take a look!
can make it from scratch (glucose/pyruvate)

Propanol Isobutanol (S)-2-Methyl-1-butanol Isoamylalkohol

CHs; H CH,

H5C
2 T ] c/‘\/OH Hsc/Y\OH HO/\/I\CH
3

3



TPP
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Leucine
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|:!"l isovalerate butyric acid 1“ Propan n"
— MADPH
MADP
v
e-lsopropyl cefl-Dihydroxy-
malic acid o= sovalerate [-methylvaleric acid
':ﬂ‘I "-.—_.-..Eul B HH:,
M M —LD
ce- Kebo-E~-matiyl
MH Isobutanal wvaleric acid Isoleucine
- MHa M D H
LA D+ k._'. ':‘::
w w
Valine [Isobutanol] 2-Methylbutan-1-al
MNADH
h MAD*
Sa—— 2-Methylbutan-1-ol]
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1. Decarboxylation
(Loose CO2) 2. Aldehyde Is Made
/ (POISON!)
ine 3. Alcohol is Made
b €0, from NADH

a-ACato-cihy droxy In-Propanol

N e

| HAVE'SEEN THIS
SOMEWHERE BEFORE.




Glucose 1. Decarboxylation
(Loose CO2)
2 Pyruvate
3. Alcohol is
Made from €O, 2. Aldehyde Is
NADH co, Made (POISON!)
2 Acetaldehyde/

/

2 Ethanol «
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Diacetyl 101

Diacetyl is only produced when the cell
doesnt have enough Valine* provided to it

We can add more Valine by either adding
more FAN (more modified malt selection,
protein rest, etc) or adding high quality
yeast nutrient »

Yeast cells break down Diacetyl when they
have excess NADH

Excess NADH requires lots of oxygen!

*Valine is the most prominent cause, but all amino acid
deficiencies raise diacetyl levels

Acetodn

2,3-Butanediod

NADH .-’i_‘_
S Mo
L
2, 3-Dihydroxy-isovalerate
HADH
MHAD? |
Y
c-Kplo-lsovalerate
r,,..--—— -
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Acetaldehyde

Glucose

2 Ethanol «

2 Pyruvate

o,
co,

2 Acetaldehyde

J
S




Aldehydes

Alcohol Dehydrogenase is catalyzed by zinc
Zinc normally precipitates in the wort (up to 90%)

Zinc levels are going down in malt due to decreased
soil levels

YOU NEED TO BE ADDING ZINC!
NAD" NADH+H"

CH3CH,OH \ L CH;CHO

acetaldehyde

2INC, COME BACK.

ethanol



This is anecdotal evidence!

Do you struggle with flocculation
with lager yeast?

If you do - Magnesium is likely
something you are lacking!

Try adding more Mg to enhance
flocculation




YEAST NUTRITION

A BREWER’S GUIDE TO ACHIEVING
HEALTHY, RELIABLE FERMENTATIONS

I V| s . |

Strain Category Nutritional requirements

Biergarten Lager Inositol

Lager

Czech Lager Biotin (B7)

Lager

Isar Lager Lager B vitamins in general

Kolsch German | Glutamine (amino
acid)

Mexican Lager Thiamine (B1)

Lager




As yeast manufacturers - we faced all
these issues as well

We originally created a blend of nutrients

We then realized - Our clients might want
this to! -

YEAST LIGHTNING WAS BORN!




Final note for Nutrition

| like to think of a fermentation - like a day in the
life of a human

Lag Phase: You are awake, but stil in bed. Trying
to see if you should wake or not

Acceleration: You are out of bed, but
uncaffeinated and not fully aware of your
environment

Exponential: The bulk of your day - you are going

Deceleration: Winding down for the day

Stationary: Asleep again - at last!

Number of cellsimi

T fe— | —f=—V -} Vv -

recommended
= pitching rate

starter pitching rates

pitching rate
without starter

0 10

20 30 40 50 60 70 80
Time (hours)

Lag phase - period of adaptation

Il. Accelerating growth phase- intiation of yeast growth

lll. Exponential growth phase - rapid yeast growth, doubling ev
IV. Decelerating growth phase - nutrient supply depleted

V. Stationary phase - no yeast growth, cell viability begins to
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Sometimes - it’s hard to wake up

When cells have been dormant for say - 2 weeks
Not only are they starved - but they are deeply asleep - functionally hibernating
What happens if we give them food?

Organisms cant eat
while sleep

You need to wake them up!

If we dont - what can happen?
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Oxygen Damage!?
Oxygen can be a deadly thing!

If the cells are not awake - able to use the oxygen - and we accidentally oxidize the cell

Just like an apple »

If the cells cannot consume oxygen, the oxygen will still react
And damage the cells and break down hop compounds

Making sure you yeast cells are awake is crucial

Best way to do this

KEEP THE CELLS FRESH - DON'T LET THEM HIBERNATE




No Matt
Nutrition
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Summary of Today

Take care of your Arnolds......I mean yeast!
Cell Health is IMPORTANT!
They need oxygen and proper nutrition to stay healthy

® Oxygenation has 3 main factors to consider, proper stone sizing, contact time and
agitation
® Proper Nutrition ensures off flavour chance is reduced and cells are healthy

The shorter the time you can store your cells - the better
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