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Designing experiments in your brewery




Hop Utilization

Does adding hops in the whirlpool
increase bitterness?

Does a longer whirlpool extract
more IBUS?

At what temperature do IBUs stop
being extracted?

When does the wort becoming
oversaturated with hops?




How to set up an experiment

Observation

Questions

Hypothesis

Independent and dependent variables
Experimental design

Data analysis




Equipment




Recipe Design

Whirlpool Ale

Experimental

Hop Charges

Other Ingredients

Grain Bill

Mash Water

Pale

L:G ratio|

Peterson Heavy Base

Volume:

Pils

Mash Temp

MF8 Munich

Malt Temp

Strike Water Temp

Calcium Sulfate

Calcium Chloride:

Sparge Water

Sparge Water Volume

Mash Bioglucanase GB
Kettle Volume

Length of Boil
Calandria Temp

Variety

Sparge Water Temp!
Calcium Sulfate
Calcium Chloride:

Total Water

Boil Time

Galaxy

60

Whirlpool Hops

WP Temp

Galaxy

Galaxy

Galaxy

Galaxy

Galaxy

Galaxy

Yeastex-82

Add to kettle 0-15 minutes before end of boil

Whirlfloc-G

Add to kettle 0-15 minutes before end of boil

Calcium Chloride

Add to kettle 0-15 minutes before end of boil

KO Temp

Aeration

USs-05

Per 1 BBL Batch




IBUs and Boil Hops

We used this chart from another
brewer study to help inform our
experiment design.

This graph shows that as degrees
Plato increase in the wort, the overall
utilization of IBUs in the boil goes
down.

IBU's vs Wort Gravity
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Galaxy Hop profile

FRUIT

FLAVOR KEY

SPICE

2(%OF aLPHa
H 2-43

FLORAL



Data Collection

ASBC Beer 23-A

Limitations in testing method
UV-Vis
HPCL
Sensory

R




Brew day #1

Project Interval Average
Sample ID . WP Temp
(minutes) IBU Brew Day #1
90 ® BUA
1 0 207.1 53 ® 5us
® BUC
2 5 202.6 55 80
IBU-D
3 10 198.6 63 @ e
©® Average
70
4 15 194.8 67
2
5 20 191.2 71 60
6 25 187.9 69
50
7 30 184.7 75
40
9 e e o 0 1 2 3 4 5 6 7 8 9 10 1 12
9 40 179.5 72 Sample ID
10 45/End 176.7 72
11 FV full 68 81 Finished IBUs 42 Total Hops Added | 169.7 grams




Brew day #2

Sample ID Pro(j:]cii:;::;\/al WP Temp Avgsge
1 0 204 70
2 5 202.5 74
3 10 198.4 78
4 15 198.4 80
5 20 190.5 79
6 25 187 76
7 30 183.5 78
8 35 180.3 84
9 40 177.5 82
10 45/End 175 80
11 FV full 62.2 81

Brew Day #2

90

80

70

IBU

60

50

6

Sample ID

10 11

Finished IBUs

52

Total Hops Added

169.7 grams

IBU-A
IBU-B
IBU-C
IBU-D
IBU-E
IBU-F

Average



Outlier Identification

% Arrange data smallest to largest
> 63 77 77 79 80 81
% Find Q1 - 25% of the total number of data points (6)
> .25(6) = 1.5rounded to 2
> Second data point is 77
% Find Q3 - 75% of total number of data points
> .75(6) = 4.5 rounded to 5. 5th data point is 80
% Find the interquartile range IQR Q3-Q1
> 80-77=3
< Find the upper and lower boundary Q3 + 1.5(IQR) and Q1 - 1.5(IQR)
> 80+ 1.5(3)=84.5
> 77-1.5(3)=75.5
% ldentify outliers - anything above or below boundaries



Brew day #2 without Outlier

Project
Sample ID Interval WP Temp Average IBU
1 0 204 70
2 5 202.5 74
3 10 198.4 78
4 15 198.4 80
5 20 190.5 79
6 25 187 79
7 30 183.5 78
8 35 180.3 84
9 40 177.5 82
10(45/End 175 80
11(FV full 62.2 81

Brew Day #2

90

80

70

IBU

60

50

Finished IBUs

52

Total Hops Added

169.7 grams

IBU-A
IBU-B
IBU-C
IBU-D
IBU-E
IBU-F

Average



Comparing Brew Days 1 & 2

Brew Day #1 vs Brew Day #2

@ BrewDay#1 [ Brew Day#2

Brew Day # vs Brew Day #2

p 20 @ 1-Average @ 2-Average
E 150 85
5
% 100 80
I 75
P 70
Brew Days 65
jo)
2 60
Total Increase 55
B 1-Average [l 2-Average
20 50
45
15
o 40
é o 0 1 2 3 4 5 6 7 8 9 10 11

0

Sample Sets



Brew day #3

Sample ID  |Total WP time| WP Temp Average IBU
1 0 208.8 50
2 0 207.8 47
3 5 203.8 64
4 10 199.9 69
5 10 199.4 60
6 15 195.8 61
7 20 192.2 64
8 20 191.6 65
9 25 189 67
10 30 186 69
11 - 67 62

Brew Day #3

IBU

70

60

50

30

@® BUA @ IBUB @ IBUC

IBU-D @ Average

10

1 2 3 6 7 8 9
Sample ID
Finished IBUs 33 Total Hops Added | 229.7 grams

11



A Look at All Brew Days

Whirlpool Temperature
B BrewDay#1 [l BrewDay#2 [l Brew Day #3
250
200

150

100

‘Whirlpool Temperature (*F)

50

Brew Days

Total Increase
B 1-Average [l 2-Average [I] 3-Average

20

15

10

IBU Increase

Sample Sets

IBU

All Brew Day Averages

85

80

75

70

65

55

50

45

40

35

30

@ [-Average

@ 2-Average @ 3-Average

Sample ID

Brew Day #1

Finished IBUs

42

Total Hops Added

169.7 grams

Brew Day #2

Finished IBUs

52

Total Hops Added

169.7 grams

Brew Day #3

Finished IBUs

33

Total Hops Added

229.7 grams




Brew Days #1 and #3

Whirlpool Temperature

B Brew Day #1 Brew Day #3
250
Brew Day #1 and Brew Day #3
_. 200
i ‘ ‘ ‘ ‘ ‘ ‘ @ 1-Average 3-Average
o 150
g I g0 | ¥
o
g 100
N N (NN
(7
I | L |
65
Sample Set
)
o
Total IBU Increase
B 1-Average 3-Average 4
20
15
H 25
£ o 0 1 2 3 4 5 6 7 8 9 10 11 12
>
El
Sample ID

Sample Set



Hop Utilization calculation

IBUmaX(mg/L)=(W)(AA) (139.79)(.1575) x 1bbl x 1000mg = 187.5mg/L
Vv 1bbl 117.34L g
Utilization = IB 53 =28.35%

IBU__ 187.5



Hop Utilization all Brew Days

Hop Utilization

m= Brew#l == Brew#2 == Brew#3

40
30
c
.0
g
=
®
20
Brew Day #1 | Utilization % 18
- Brew Day #2 | Utilization % 23
2 4 6 8 10
Brew Day #3 | Utilization % 11




Brew #1 vs #2 adjusted

Hop utilization
== #1 == #2adjusted
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Questions we still have

Why did batch two start with higher IBUs?

Why did batch 3 have the lowest final IBUs when we used the most hops?

Would a different hop have similar results?

What caused the jumps and dips in IBUs? What in our testing/results is significant and what is due to
natural variation in testing?

Why was there the biggest IBU increase in the 1st experiment?

What parameters were out of our control?

What could we test next to keep learning from the experiment?

What else affects IBU utilization?

How does this correlate to sensory experience?



Designing
experiments in
your brewery
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Thank You!

Contact us:

Amy Todd:
amy@biadiagnostics.com

Julie Smith:
julie@lawsonsfinest.com




