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Shift in acreage from Alpha to Aroma 

0

5000

10000

15000

20000

25000

30000

35000

40000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

A
cr

ea
ge

 

Year 

USA Acreage 2005-2016  

Alpha Noble American Aroma Other

Willamette, 
Crystal, Mt. Hood, 
Sterling, Perle 

CTZ, Summit, 
Nugget, Bravo, 
Apollo 

Cascade, 
Centennial,  

Simcoe, Citra, 
Mosaic, Amarillo 



58% 24% 

9% 

9% 

2005 

Alpha Noble American Aroma Other

22% 

9% 

66% 

4% 

2016 

Alpha Noble American Aroma Other

Shift in flavor of aroma varieties 

Cascade, 
Centennial,  

Simcoe, Citra, 
Mosaic, Amarillo 

CTZ, Summit, 
Nugget, Bravo, 
Apollo 

Willamette, 
Crystal, Mt. Hood, 
Sterling, Perle 



Ever increasing number of hop varieties 

Number of US aroma varieties 

tracked by acre in HGA report 

2005 

14 VS 

2016 

26 
Number of commercial varieties 

reported with sensory data in 

the 2017 Variety Snapshot…  
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 We may have more than 100 commercial hop varieties in the USA 
 Flavor differentiation or repeating flavors?  
 How many varieties is sustainable? 



Keeping track of hop flavor quality 

Factors that may affect hop quality 

• Growing region and climate 

• Harvest window 

• Kilning and pelletizing conditions 

• Packaging and storage conditions 

• Genetic drift and cross pollination 

 



Measuring hop flavor quality - tools 

Chemical Analysis 
 

Sensory Analysis 
 



Measuring hop flavor quality - tools 

Chemical Analysis 
 

Sensory Analysis 
 



Chemical Analysis – Total oil method 

• ASBC Method Hops-13 

• Bread and butter tool to quantify hop oil 

• Steam distillation of hop material to quantify oil 
fraction (ml oil/100mg hops) 

• Gives you a single number, typically 1.0 - 4.0 ml/100g 

5k – 100k 



Chemical Analysis of hop oil – Gas Chromatography 

A technique to: 
1. Split up hop oil components based on chemical and 

physical properties. 
2. Measure the quantity of split components 
 
ASBC Method Hops - 17  

20k – 100k 

caryophyllene 

farnesene 
myrcene 

humulene 



Which Oils are important? 

 A large proportion of hop oil does not explain the differences 
in hop flavor.  

 “The Big 4 oils“ are still the bread and butter hop oil quality 
measurement. 

 The Big 4 oils are decent fingerprinting hop oil quality metric 

Shellhammer MBAA 2011 

The Big 4 oils Willamette Chinook 

Myrcene 38% 35% 

Humulene 21% 23% 

Caryophyllene 10% 8% 

Farnesene 1% 5% 
Grassy, herbal, tea, 

woody 

Citrus, pine, 
grapefruit, fruity 



Which Oils are important? 

 This oil data show close similarity between Hallertauer Tradition (a noble-flavor 
German variety) and Nelson Sauvin (a fruity-flavor Australian variety). 

 
 The data shows little similarity between Citra and Nelson Sauvin, despite them 

arguably smelling more similar, both being fruity-flavored hop varieties. 

Similar 



A look into the minor components of hop oil 

 Smaller components of hop 
oil, may play a bigger role in 
the overall hop flavor. 

 The components of the first pie 
chart are not be a good indicator 
of overall hop flavor. 

 In this case, about 91% of the oil. 



Terpenes 

Terpene alcohols Esters 

Thiols 

Sesquiterpenes 

Hops 

Linalool 

Humulene 

Myrcene 

Limonene 

Eugenol 

Caryophyllene 

Geranyl Acetate 

4-MMP 

Hyrdrocarbons 

Oxygen Containing Compounds 

Sulfurs 



 
http://www.bojensen.net/index.ht
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Hop oil Evaluation Exercise 

Smell each component.  Take notes on flavor.  

http://www.bojensen.net/index.html
http://www.bojensen.net/index.html
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Panelist 

Panelist’s Threshold of Detection 

   Panel average 

  Published average 

Threshold Testing in beer at John I Haas 

Myrcene – spiked in beer 



Brewing – Hop flavor in beer 

Hop aroma        Beer aroma   

Coffee bean aroma              Coffee aroma   



Many possible explanations 

• Hops are very concentrated in oil. Perception of oil flavors 
change with concentration 

 At lower concentrations in beer, the flavor may change 

• Each component of hop oil has a different solubility 
chemistry in beer - Terpenes vs. Terpene Alcohols 

 The components in hops may not be present in beer  

• Hops contain components that are not are not flavor 
active until after the brewing process – glycosides 

• Hop flavor compounds change as they endure the 
chemistry of brewing - heat, pH, enzymatic reactions, 
yeast biotransformation, oxidation, and time. 

Why is Hop aroma    Beer aroma      ?   



Predicting hop flavor in beer with chemistry 
The lifelong pursuit 

Mission impossible 
Golden Fleece 

The holy grail 

 

Many Challenges 
• Correlating sensory data and GC data – lots of data 
• Expertise and technical knowledge 

o Chemistry, Instrumentation, Sensory Analysis, Statistics 

• Human resources & long project timelines 
• Expensive equipment 
• Technology detection limits are still behind the human nose 

o The human nose can detect odors in parts per trillion  
o Sulfur compounds 
o Unidentified compounds 

 

100k – 500k 



Many hop chemistry theories to work on… 
 
Does more hop oil equal more beer flavor? 
- Vollmer, Shellhammer 2016 

 
Oxidation of hop oil - is it objectively bad? 
-Vollmer, Algazzali, Shellhammer 2017 

 
What is the impact of hop glycosides on beer flavor? 
-Sharp, Vollmer, Qian, Shellhammer 2017 

 

What is the impact of sulfur compounds on beer flavor? 

 
 



Measuring hop flavor quality - tools 

Chemical Analysis 
 

Sensory Analysis 
 

10k – 100k 
10k – 1.0M 



Sensory Science 

The use of human subjects as instruments of perception to evaluate 
products with the goal of generating data to make meaningful 

conclusions.  



25 

 A tool to measure hop quality and flavor 

 Identify new hop flavors, and match existing hop flavors 

 Measure the effect of brewing and processing on hop flavor 

 Establish cause and effect relationships 

 



Beer Evaluation Exercise 

Goal:  

 Taste beers with a diversity of hop flavor, targeting 
different flavor buckets. 

 

Smell and taste the beers.  Afterwards we will discuss flavor, 
overall intensity, and hop varieties. 

 

• Beer 1 

• Beer 2 

• Beer 3 

• Beer 4 

Beer 2, 3, 4 each showcase a single hop variety! 



Beer 1 

• Beer Style:   Pilsner  

• Origin:    Pennsylvania 

• Hop Variety:  Hallertauer and Tettnanger 



Beer 2 

• Beer Style:   Pale Ale  

• Origin:    California 

• Hop Variety:  Cascade 



Beer 3 

• Beer Style:   IPA 

• Origin:    Michigan 

• Hop Variety:  Centennial 



Beer 4 

• Beer Style:   Pale Ale 

• Origin:    Idaho 

• Hop Variety:  Citra 



Concluding Thoughts 

• Increased value on aroma varieties and hop forward beers 
will increase demand for flavor quality analysis 

 

• Hop flavor chemistry research is evolving with lots of 
potential. There are many questions to still answer 

 

• Sensory analysis is a fundamental tool for measuring hop 
flavor quality  



Thank you for listening 

Questions? 


