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Brewing Science (and beer -related) at OSU
Brewing Chemistry/Engineering – Tom Shellhammer
Brewing Micro/Genetics – Chris Curtin
Pilot Research Brewery – Jeff Clawson
Distillation chemistry – Paul Hughes
Instructor/Advisor – Glen Li

Barley breeding & malting – Pat Hayes
Hops breeding – Shaun Townsend & John Henning
Hops pathology – Dave Gent
Hops & health – Fred Stevens
Beer Economics – Vic Tremblay
Oregon Hops and Beer Archives – Tia Edmunson-Morten



Exciting times for brewing research and teaching



Exciting times for brewing research and teaching



Current trends in American IPA’s

Brewers/consumers continually seek something new

Double IPA

White IPA

Belgian IPA

Session IPA

New England IPA

Brut IPA





Questions to be addressed today

Do more hops during dry-hopping = more hop aroma in beer?

How (in)efficient is dry-hopping?
Does total hop oil content matter when predicting hop aroma intensity?

How does maturity influence hop chemistry and sensory?

How does hop kilning temperature impact hop quality?
Why does dry-hopping increase beer bitterness, in some cases?

Does the BU work for hop-forward beers?

What is hop creep and does hop variety matter?
Does hop creep persist in packaged beers?
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What’s in hops?



Hop composition – hop aroma
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Hop Essential Oil
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Hop composition – water extractables
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GAUGING HOP AROMA 
INTENSITY IN HOPS



Things to consider when dry -hopping on 
small scale..

Sample inhomogeneity
Dissolved oxygen uptake
Package scalping



Hop Preparation and Dry -Hopping Parameters

Blend brewer’s cuts of 
whole cone hops by 
grinding



Brewing “unhopped ” beer

Beer Specifications:
Grist:

85% Pale 2-row
13.5% Carmel 10L
0.5% Carmel 120L

Original Gravity: 10.6 P
Real Extract: 3.16 P
BU = 20 mg/L (iso-extract)
ABV = 4.8 % ABV





Evaluations using draft beer
�� Minimized total package oxygen
��



Sensory evaluation - descriptive analysis
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Cascade Samples: Citrus quality vs total oil content





Other interesting findings…..
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�� Later picked Cascades �� higher dry hop aroma
�� Sensory analysis- evaluated amongst 22 samples

2014Harvest

OHAI R2 = 0.98*

**Pearson Correlation values are different from 0 with a significance level alpha=0.05

Impact of harvest maturity on dry -hop aroma quality - Farm 2
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Conclusions
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IMPACT OF HOP KILNING 
TEMPERATURE ON HOP 
QUALITY

Lindsey Rubottom
Masters student ( willdefend May 2020)
Oregon State University



Hop Kilning Temperature Research Plan
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CHEMISTRY

�����������������������������
���������
�����A�F



OSU Chemistry Analysis
ASBC Hops 6 – Spectrophotometry

�/-and �0-Acids and Hop Storage Index (H.S.I) in Hops
ASBC Hops 14 – High performance liquid chromatography 
(HPLC)

�/-and �0-Acids in Hops
ASBC Hops 13 – Steam Distillation

Total oil content
ASBC Hops 17 – Hop Oil Compositional Analysis 

Modified analysis technique (GC-FID)
Enzymatic dextrin reducing power of hops
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2019 Total oil
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SENSORY
DIFFERENCE FROM 
CONTROL (DFC)
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Sensory Descrimination Testing
Difference from Control (DFC)
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HY 2018 DFC results- Hop Grinds
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HY 2018 DFC results- Beer Aroma
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Overall Conclusions to date
regarding hop kilning temperature

Spanning from 120 (low) and 160 (high) we see:
Higher kiln temperatures can reduce drying times 



HOP CREEP

Kaylyn Kirkpatrick
Masters student (graduated July 2018)
Oregon State University
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Dry hop addition



FIELD-TO-FIELD VARIATION
&

IMPACT OF HOP KILNING 
TEMPERATURE

Lindsey Rubottom
Masters student ( willdefend May 2020)
Oregon State University
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Conclusion

Hop-derived enzymes can alter carbohydrate make up of Real Extract
Refermentation in the presence of yeast (for example – bottle conditioning)
Lead to diacetyl spikes
SOLUTION: dry hop timing, temperature, hop variety, pasteurization

Hop kilning temperature can influence residual enzyme activity
Higher kiln temperatures results in lower activity
Considerable variation field-to-field in enzyme activity

Hop enzymes persist in finished beer
The potential for refermentation exists in many cases

OREGON STATE UNIVERSITY
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