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Future Directions

Malt chemistry was characterized through metabolomics.

Variation in the malt chemistry, as well as  
associations between metabolite chemistry and 
malting quality/agronomic factors were observed. 

Heirloom barley genetics can provide new chemical
diversity in malt.

This malt chemical diversity is expected to impact flavor.  

Introduction1
Background:

Identifying superior ingredients that provide distinct 
flavors (e.g. taste, aroma) is an important area of 
research. Brewers seek to identify raw ingredients 
to improve the stability of flavors during storage.

There is a potential role for heirloom barley varieties to 
provide distinct attributes to the brewing process.

Current research demonstrates a link between barley
genetics and barley grain and malt chemistry. 

Rationale and Hypothesis:

Current barley lines contain relatively narrow genetic
diversity. Recent efforts between the Montana 
State University (MSU) breeding program and the Rocky 
Mountain Malting Barley Cooperative are introgressing 
germplasm from heirloom barley to expand the existing 
genetic and chemical diversity.

We therefore hypothesize that these new barley lines will
contain unique chemical diversity, and this will impact malt
flavor/aroma, fermentation quality, beer flavor, and beer
flavor stability. 

O2PLS Association of Malt Metabolites with Malting Quality 

Non-volatile Metabolites Contribute to 
Variation in Heirloom Malt Varieties

Principal Component Analysis (PCA) was performed on 848 annotated malt 
metabolites to evaluate variation among the 130 2-row heirloom varieties. 
PCA can be used to characterize population structure based on chemical similarities 
and differences. PC scores plot for PC1 and PC3 explained 17.4% of chemical 
variation in malt. 

Hierarchical Cluster Analysis (HCA) was used to assign classes to varieties based on 
similarity, wherein the length of the branches that link two groups is related to this similarity.
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Two-way Orthogonal Partial Least Squares 
(O2PLS) analysis was performed on the 848 
metabolites and 11 malting quality factors 
(malt protein, malt moisture, fine extract, 
turbidity, color, FAN, beta-glucan, 
alpha-amylase, S/T protein, and diastatic 
power (DP)).

Biplot (top) displays the co-varying 
relationships, regarding protein, among 
variety (colored by protein level), metabolites 
(colored by chemical class, and malting 
quality factors (malt protein class). However, 
not all metabolites are associated with 
malting quality and may be associated with 
factors such as flavor.   
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Experimental Design2

Metabolomics Workflow

An experiment was designed to profile metabolites for 160 heirloom varieties of malt, 
cultivated at Montana State University (MSU). Malts were analyzed for malting quality at MSU.

3:2 MTBE/methanol/water
biphasic extraction for stacked 
injection RP-UPLC-MS 
metabolomics

RP-UPLC Separation
Waters Acquity Phenyl-Hexyl Column
Water/acetonitrile gradient

Waters Xevo G2 qTOF
ESI + mode
50 - 1200 m/z (0.2 sec/scan)
collision energy 6 eV (MS)
collision energy 15-30 eV (MSE) 

Data Acquisition
Peak detection/quantitation (XCMS)
Deconvolution for MS using RAMClustR

Data Processing & Analysis

n =  480 samples 
160 varieties
3 extraction replicates
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160 heirloom 
malts

Compound annotation using
RamSearch and "ClassyFire" R package

aqueous layer - 
hydrophilic compounds

organic layer - 
hydrophobic 
compounds
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Characterization of malt 
metabolome 
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ANOVA for genotype (with FDR adjusted p < 0.05) on the 848 
metabolites revealed that 411 varied among the 160 lines. The 
metabolites that varied are indicated by the numerator in parethesis.

RP-UPLC-MS analysis detected 2,669 metabolites, 848 were 
annotated and assigned to a super and sub-class based on 
chemical ontology. 

ketones (5/10)

Total = 848

alkaloids (10/18)
alkenes (0/3)

carboxylic acid derivatives (4/10)
amines (26/53)

amides (2/8)
amino acids (30/40)

peptides (0/5)
purines (10/28)
pyrimidines (5/14)

pyridines (5/11)

glycerolipids (61/94)

fatty alcohols (0/3)

fatty acyls (61/75)

saturated fatty acids (2/14)

phospholipids (59/109)

steroid lipids (11/41)

sphingolipids (12/26)

terpenoids (29/58)

organic acids (10/25)

benzenoids (9/25)

flavonoids (10/24)

phenols (0/6)

polyphenols (5/15)

cinnamic acid 
derivatives (4/12)

monosaccharides (6/14)
disaccharides (0/9)

oligosaccharides (1/10)
sugar acids (1/6)

organonitrogen heterocycles (24/64)

sugar alcohols (0/4)

glucosides (5/6)

organosulfurs (3/8)

Association of Malt Metabolites 
with Malting Quality Factors
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The association between malt metabolites, agronomic factors, and malt quality factors was evaluated with Spearman’s rank correlation 
(a) Correlation plot of rsvalues for malt amino acid (derivatives) metabolites (x-axis) and malt quality/agronomic factors(y-axis).
Colors and the eccentricity of the ellipse indicates strength and direction of the rs correlation, and the data was arranged using 
hierarchical clustering.
Data are presented as the mean metabolite abundance ± S.E.M. for n =3-5 extraction replicates per genotype. 

These data support that the unique 
profiles of each variety is the 
combination of many 
metabolites found in barley and affects 
malting quality factors. 

The associations between 848 
annotated metabolites, 7 agronomic 
factors, and 12 malting quality factors 
were further evaluated using 
Spearman’s rank correlation 
combined with hierarchical clustering 
and heat mapping.

Horizontal black boxes indicate an 
example of the positive (dark blue, 
thin ellipses) or negative (dark red, 
thin ellipses) associations 
between metabolites and malting 
quality factors (here, malt protein 
is used).

Yield
Final Gravity (Brix)

Extract (FG db)
FC diff

Test wt.
Plump

DP
FAN

AA
S. protein

S/T
Maturity
Heading
Moisture

Time to Filter
Malt Protein

Height
B-glucan

Barley protein
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To determine which differences in malt chemistry are 
reflected in the chemistry of the beer.

To determine if the differences in the beer chemistry impact 
sensory attributes of beer, through flavor and flavor stability.

To determine if there are barley and/or malt metabolites that 
can be markers for beer flavor and/or flavor stability for 
future breeding into lines adapted to dryland farming
to the brewing process. 

Variable Importance Projection plot (VIP) 
(bottom) displays the highest contributing 
(most important) metabolites which correlate
to the malting quality/agronomic factors 
in this model.
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