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Targeted and untargeted
metabolomics of a
SMaSH beer reveals the
molecular evolution of
volatile and nonvolatile
metabolites throughout
brewing
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Targeted vs untargeted metabolomics

Untargeted

Targeted

* Hypothesis-driven

* Subset analysis

* Correlated to reference
standards

* |dentification known

* Absolute quantitation
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Global analysis
Correlated to
databases/libraries
Qualitative identification
Relative quantitation
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Analytical workflow
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MS workflow

d Untargeted\/ Targeted h

~ GCIMS \/  RPLC \/ HILIC LC )
\
Flavor QqQ q-TOF
compounds Hop Amino acid
compounds || metabolism
N / %
\
q-TOF q-TOF
(+) and (-) (+) ESI
ESI w/ int std w/ int std
\_ J\ J




SMaSsSH pale ale
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Beer processomics sample collection

pre-boil dilution

Mashing ¢ —o— ¢ ° |
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SMaSH beer characterization

Instrumental Analysis students characterized the final beer using ASBC methods.

Color (°SRM) 49+£05(n=7)

Total Phenols (mg/L) 308 (n=1)

IBUs (out of 100) 61.5+12.0(n=7)

% Protein (Yowt/wt) 0.671 £ 0.114 (n = ©6)

% ABV (GC-FID) 7.4% (n=1)
L6000 00
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Image from: https://brookstonbeerbulletin.com/thinking-about-beer-color/



Targeted
metabolomics




Targeted: Amino acid metabolism - flavors

/Mashing & boiling h
amino acids > Strecker aldehydes — staling aldehydes
N / <
Fermentation /
A\ 4
amino acids > higher alcohols > esters
\_ /

Adapted from Ferreira, |.M., Guido, L.F. Fermentation, 2018, 4, 23, doi:10/3390/fermentation4020023 (_>/



Targeted: Amino acid metabolism

Amino Acids: HILIC g-TOF LC/MS Concentration Plot
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Targeted: Phenylalanine in Ehrlich pathway
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Targeted: Phenylalanine in Ehrlich pathway

phenylalanine > phenylpyruvate >
LC/MS LC/MS
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Targeted: Leucine in Ehrlich pathway
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leucine 4-methyl-2-
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HILIC oxopentanoate
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Putative ID
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Targeted: Leucine in Ehrlich pathway

leucine > 4-methyl-2- > 3-methyl-1-butanol
LC/MS oxopentanoate GC/MS
LC/MS
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Targeted: Other flavor compounds

Early Fermentation Late Fermentation
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Targeted: Hop compounds (LC/MS)

a-acids > ISO-a-acids
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Targeted: Hop compound

log2 response
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Untargeted: QC with int. stds

Molecular Feature (MF) = Unique mass & RT

| | m/z

| | m/z| X 1000s MFs

| | m/z

|
RT window = 0.15 min.
m/z window = 15 ppm
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Untargeted: QC with int. stds

RP LC (-) ESI g-TOF MS

8 data collection days

internal std = 1-naphthoic acid

RT, std dev (min) 0.011

RT, %RSD 0.15%
Response, %RSD 7.54%
Avg mass error, ppm <2ppm




Untargeted: (-)ESI LC/MS

[ — - - || - Carbenicillin Esi-0.0010005
- | | - - - - - [ - - Fructoselysine 6-phosphate
L Neokestose
..-- ] ] [ ---H---_---- C18 Hg 017

2-Dehydro-3-deoxy-D-fucon:z
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Conclusions & Future Work

Targeted

Built a robust mass spec-based beer processomics platform that allows monitoring of
volatile and nonvolatile compounds by GC/MS and LC/MS, respectively

Targeted metabolomics focused on metabolic pathways that produce flavor
compounds from amino acids

Need to confirm intermediate metabolites by matching to standards

Untargeted

Established quality control metrics to ensure the best molecular feature alignment
across RP and HILIC g-TOF LC/MS data in both positive & negative ion ESI modes to
afford the greatest metabolite coverage for new compound discovery.

Summer 2022 fermented a SMaSH wort with 5 genetically different yeast. <
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