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EXECUTIVE SUMMARY:  

Hop cones harvested from the hop (Humulus lupulus) plant are a high-value agricultural product grown 
predominantly in the Pacific Northwest for use in brewing. They were traditionally added into the ‘hot- 
side’ of the brewing process, where raw ingredients are effectively sterilized, consequently, there has 
been little attention paid to the microbial populations, or ‘microbiomes’ associated with hops and hop- 
derived products. Today brewers add hops at several stages during production, potentially introducing 
live microbes after sterilization steps. In this project we are evaluating the microbial communities of hop 
samples to better understand if this is a potential beer quality issue. During the 2019 hop-harvest 
season we obtained 162 hop samples that span different field trials and processing treatments. 
Sequence-based analysis of microbial communities has been performed, and the data analyzed to 
evaluate whether agronomic treatment, hop-kilning temperature, or hop variety has an influence on the 
composition of these microbial communities  

 
OBJECTIVES: 

The main objective of this project is to perform microbiome analysis on a range of fresh, processed and 
stored hops (Humulus lupulus) cone samples to establish knowledge of the ‘core’ microbial communities 
and identify samples with ‘outlier’ communities. We will subsequently evaluate whether these 
communities affect dry-hopped beer stability and quality.  

PROCEDURES:  

Sampling  

Fresh, recently dried, and stored hops samples were be gathered from existing field trials managed by 
Dr. David Gent. These samples represent curated sets that have extensive associated metadata and are 
used to make pilot-scale dry-hopped beer for subsequent sensory evaluation. Specific field trials that 
samples will be drawn from include; evaluation of the impact of drought stress on bittering and aroma 
hops varieties, and, impact of timing of nitrogen addition in the field.  

Microbiological analysis  

Microbial cells associated with hop cone surfaces were washed into sterile buffer using a stomacher, 
and resultant cell material will be collected for extraction of DNA.  



DNA extraction and microbiome analyses was be performed according to protocols established for the 
earth microbiome consortium (http://www.earthmicrobiome.org) and those described in the 
microbiome helper resource (https://github.com/LangilleLab/microbiome_helper/wiki). In brief, target 
‘barcode’ regions for fungi and bacteria were amplified from sample DNA extracts using polymerase 
chain reaction (PCR), and these ‘amplicons’ will be indexed and pooled together for next-generation 
sequencing.  

Sequencing was be performed by the Centre for Genome Research and Biocomputing on an Illumina 
MiSeq with v3 chemistry (2x300bp). Datasets were analyzed using bioinformatics tools described in the 
microbiome helper resource along with tools to explore phylogenetic relationships amongst observed 
groups.  

SIGNIFICANT ACCOMPLISHMENTS TO DATE: 

During the 2019 hop-harvest season we worked with Dr. David Gent to sample fresh hop cones and 
kilned hop cones associated with field trials.  

In total we obtained a total of 162 hop-cone composite samples. Microbial cells were washed from all 
samples, pelleted and DNA has been extracted. DNA sequencing libraries were prepared by PCR to 
target 16S rDNA (for bacteria) and ITS rDNA (for fungi) regions, and these libraries were sequenced by 
CGRB. Results thus far showcase complex fungal and bacterial communities associated with hop cones, 
though it remains unclear whether kilning or agronomic treatments affected the community structures. 
The main results thus far suggest a significant portion of the hop cone microbial community (for 
products intended to be used by brewers, as opposed to aseptically sampled fresh material) may be a 
function of how hops were harvested and kilned. This hypothesis will be tested in the 2021 hop-harvest 
season.  

 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 

None.  

FUTURE FUNDING POSSIBILITIES:  

We anticipate the data generated in these preliminary analyses to support a funding request in 2021 to 
the Brewers Association and American Society of Brewing Chemists, and we plan to submit a USDA-NIFA 
proposal in 2022. It is also anticipated that results will lead to interest from hop-growers and breweries 
for direct investment in research activities that support their business needs.  

 


