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= Importance of yeast density and viability

= Density estimates and counting methods

= Standard curve development

= Practical applications
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Why is cell density important?

= Cell density of a yeast slurry dictates
pitching volume.

= Cell density of wort before
fermentation influences formation of
flavor compounds.
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Why is cell density important?

> Rule of thumb is that most flavor compounds increase as
pitching rate decreases.

> Esters are the exception where increased pitching rate is
associated with increased ester levels.
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Viable vs. Vital

Viable yeast are alive.
= No status beyond that the basics.
= Measure with stains.

= Methylene Blue is the most well known
viability stain used in brewing labs.

= Results not reliable when viability is
<95%, which is less than the error
encountered when cells are counted.
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Viable vs. Vital

= Vital yeast are alive and kicking.

Often assessed by pH drop during first day of fermentation.

Preferred trend varies with beer and yeast; generally want to see start of
pH reduction within first 12-24 hours after pitching.

Yeast slurry pH generally increases with storage!

Monitoring pH during fermentation and during yeast storage can provide
useful insights.

1 https://draymans.com/yeast-slurry-ph-as-an-

I; BSG indicator-of-yeast-autolysis/
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= Density estimates and counting methods
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Estimating Density of Dry Yeast Slurry

125 ml water

« >6 x 102 cells/g per specification sheet

- >6 x 10%cells/g x 11.5g = >69 x 10°cells

« >69 x 10°cells / 125 ml = >552 miillion cells/ml

Same logic is used when calculating

pitching rates for production batches.
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Counting With Microscope & Hemocytometer

Required eguipment

Microscope (~$400)

« Hemocytometer (~$100) Relatively simple to master, but the tools are
_ a bit fragile and the method requires
« Volumetric flasks (~$50) patience, a steady hand, a spot for

equipment, and prep work to dilute sample.

Counter (~$25)
Methylene Blue stain (~$35) Cost is moderate, but certainly not cheap.

Miscellaneous (~$25)

Total ~$635
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Numer of cells in a Imm? square (red) x 10* = No. cells/ml.
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Cells touching or resting on the top and right
boundary lines are not counted. Cells touching or
resting on the bottom or left boundary lines are
counted. Yeast cells that are budded are counted as
one cell if the bud is less than one-half the size of the
mother cell. If the bud is equal to or greater than one-
half the size of the mother cell, both cells are counted.
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Calculation

The combined calculation is simple and is shown by the following:

Cell Density = Cells X 25 grids X 1 chamber X 100 ml sample
5 grids chamber 0.0001 ml sample 1 ml yeast slurry

Cell Density = Cells X 25 grids X 1 ehamber X 100 misample
5 grids charaber 0.0001 msamplte 1 ml yeast slurry

Cell Density = Counted cells x 0.0005 x Dilution Factor! = x,xxx cells/ml yeast slurry

IDF = 100 in this example
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Calculation

Given Data:
e 173 cells counted in 5 chambers
e Sample diluted 1:100 in volumetric flask before counting

Cell Density = 173 cells X 25 grids X 1 chamber X 100 ml sample
5 grids chamber 0.0001 ml sample 1 ml yeast slurry
Cell Density = 432,500 cells
0.0005 ml
Cell Density = 4.325 x 10° cells
5x104 ml

Cell Density = 0.865 x 10° = 8.65 x 108 cells/ml = 865 million cells/ml

ABSG



Pitching Rate Calculation

How much yeast slurry is needed to pitch 20 hectoliters of 14.5° Plato wort,
assuming pitching rate of 1 million cells/mI*Plato ?

Yeast Cells Required?

= 20 x 100 x liters x 14.5° Plato x 1 million cells/mI|*Plato x 1,000 ml/I
= (2x103) x(1.45x101) x (1 x 10%) x (1 x 103) = 2.9 x 1013 cells

How Much Slurry to Pitch?

= 2.9 x 1013 cells + 8.65 x 108 cells/ml

= 0.3353 x 10> ml = 3.353 x 104 ml =33.53 liters
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Cell Count Summary

= Scope and hemocytometer is easy once
work station is established.

= Glassware and hemocytometer must be
cleaned and kept away from glass-
breakers!

= Math is simple, but is a bit clunky
for quick calcs in the cellar.
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Packed Cell Volume

Overview

A simple way to determine cell density in a yeast slurry is to determine the packed cell volume
(PCV) of a sample, and then to relate the PCV to cell density using a standard curve.

Materials:

~1 liter of yeast slurry with unknown density
4 volumetric flasks

Centrifuge

Centrifuge tubes
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Approximate Cost

Required eguipment

Centrifuge (~$100 if used)
Centrifuge Tubes (~$50)

Miscellaneous (~$25)
Total ~$175
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Very simple method using durable
equipment. Centrifuge can be set just about
anywhere as long as surface is level.

Used centrifuges are easy to find on ebay ...

look for equipment sold by universities.

Challenge with this method is that a
standard curve is required. Consider
working with another brewery to set up
curve.




Packed Cell Volume vs. Cell Count

General Method

Dilute unknown slurry over a range. The dilutions below are spun down in centrifuge, then
diluted and counted using scope and hemocytometer.

Dilution #1: 150 ml slurry + 50 ml water (3:4 dilution factor)
Dilution #2: 100 ml slurry + 50 ml water (2:3 dilution factor)
Dilution #3: 100 ml slurry + 100 ml water (1:2 dilution factor)
Dilution #4: 50 ml slurry + 100 ml water (1:3 dilution factor)

Note: These dilutions are only required when
preparing standard curve. Going forward,

yeast cropped from a fermenter can simply be
dropped into a centrifuge to determine solids.
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Pitching Rate Estimation

Standard Curve
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= Standard curve development
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Standard Curve Development

% Perform primary dilution from dense
yeast sample. For example:

150 ml slurry + 50 ml water (3:4)
« 100 ml slurry + 50 ml water (2:3)
« 100 ml slurry + 100 ml water (1:2)
« 50 ml slurry + 100 ml water (1:3)

% Centrifuge samples and determine %
solids.
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Make 1:100 dilutions from the above
dilutions using volumetric flasks.

« Perform cell count for each dilution

« Calculate cell density in the 4
samples counted (same density as
centrifuged samples).

Prepare standard curve




To use, simply fill in the
cells shade pale green and

all calculated values will
be updated.

50 ml slumry 50 ml slumry 100 ml slurry 100 ml slurry
150 ml water 100 ml water 100 ml water 50 ml water
Developin ’ * k *
p g 10 gram 10 gram 10 gram 10 gram
S t I r I sample sample sample sample
" i {80
#1C #3C #4C
Curve the — o0 -
Dense Slurry with
Unknown Concentration 1ml 1ml 1ml 1ml
a Sy a y sample sample sample sample
— — — —
99 ml

water
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Developin
a Standar
Curve the
Easy Way
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DATA TABLE

Calculated Cell Count

Sample Number Pre-Spin Weight Decant Weight Calculated Cell Count Yeast Solids Dilution Factor in Stock Slury
1Cc 101 g l4g 335,000,000 cells/ml 13.9% 0.25 1,340,000,000 cells/ml
2C 98¢ 21g 500,000,000 cells/ml 21.4% 0.33 1,500,000,000 cells/ml
3C 99¢g 25¢g 600,000,000 cells/ml 25.3% 0.50 1,200,000,000 cells/ml
4Cc 100¢g 33¢g 750,000,000 cells/ml 33.0% 0.67 1,125,000,000 cells/ml
Sample Number Cell Count (5 grids) Blue Cells (5 grids) Total Cell Count Dilution Factor Viability
1H 67 5 3,350,000 cells/ml 0.01 93%
2H 100 3 5,000,000 cells/ml 0.01 97%
3H 120 4 6,000,000 cells/ml 0.01 97%
4H 150 2 7,500,000 cells/ml 0.01 99%
Standard Curve
900,000,000 cells/ml
800,000,000 cells/ml
y = 2E+09x + 9E+06 e
700,000,000 cells/ml
600,000,000 cells/ml ..
500,000,000 cells/ml =
400,000,000 cells/ml
&
300,000,000 cells/ml
200,000,000 cells/ml
100,000,000 cells/ml
0cells/ml e
50% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

PCV to Cell Count Calculator

What is your PCV (% wt/wt)?

30.00%

Calculated Cell Density (based on curve above)

6.96E+08 cells/ml

695,588,549 cells/ml

Slope =

Intercept =

2.29E409

8.55E+06
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Practical Uses

= Brewing Consistency ...

- Key to consistent beer

« Indirect measurements are often faster Let’s jettison the slide show
and easier than direct measurements. and step into my "lab” for a
look at what may work for
- Indirect measurements are often times you in your nanobrewery.

more robust than direct measurements
when used in manufacturing.

« PCV directly correlates to cell counts
andisaseasyas 1, 2, 3!
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Thank You!

Ashton Lewis
Manager of Training & Technical Support
alewis@bsgcraft.com
(417) 830-2337
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