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POSTER SUMMARY

96 Bottles of Beer: Metabolic Profiling of Spent Growth
Media Using Rapid, High Throughput Capillary
Electrophoresis-Electrospray lonization-Mass Spectrometry

OVERVIEW

Bioreactor monitoring is a vital part of quality control
and process refinement. There is an ever-growing
demand for high throughput analysis methods capable
of delivering metabolic profiling data rapidly to the user
without the need for extensive sample processing. The
presence and concentration of biogenic analytes can
often indicate the progress and success or failure of the
production process. Beer production is no exception
to this as several metabolites have been identified as
indicators of beer quality. Here we demonstrate the
detection and quantitation of several biogenic amines
that have been shown to affect beer flavor. Using a
microfluidic capillary electrophoresis (CE)-MS platform
(ZipChip®, 908 Devices, Boston MA) we can rapidly
(<4 min) analyze a wide range of biologically relevant
metabolites with virtually no sample preparation.

METHODS

Beer samples were stored frozen until all 96 were
collected, thenthawed, diluted 10x in water, centrifuged
toremove particulates, diluted 10xin Metabolite Sample
Diluent (908 Devices, Boston, MA) containing heavy
isotope labeled amino acid internal standards, and then
loaded directly into a 96 well plate. The plate was then
placed into an autosampler equipped microfluidic CE-
ESI devices (ZipChip Interface, 208 Devices, Boston,
MA) which was coupled to an orbitrap MS (Exactive Plus
EMR, Thermo Scientific) for analysis with a scan range of
70-350 m/z. A microfluidic chip with a 10 cm separation
channelwas used (ZipChip HSX). The chip was filled with
Metabolites background electrolyte (BGE) and a field
strength of 1000 V/cm was applied, vielding analysis
times of 4 minutes.

Sample preparation, analysis and data processing was
all completed in less than 24 hours for the 133 ZipChip
runs performed. Each analysis (5 nLinjection into
the separation channel) consumed 50 pLof beer. The
remaining beer samples (~375 mL x 96) were disposed
of in accordance with local (NC-ABC) laws via eager
human waste-processing bioreactors.
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SPENT GROWTH MEDIA ANALYSIS
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AMINO ACID QUANTITATION
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Heavy isotope labeled internal standards of the above 16 amino acids were spiked into each sample at a concentration
of 1 uM. Calibration curves were plotted for each amino acid’s light-to-heavy isotope peak area ratio. Histidine and
Glutamic Acid calibration curves are shown at left and are representative of others produced in this experiment.
Below the raw histidine peak areas are shown for each of the beer and homebrew samples for both the heavy and light
isotopes.
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Homebrew wort was fermented w/ Saccharomyces cerevisiae at ~ 5 x 10%cells/liter wort for 3 weeks at 17°C in a

stainless steel conical fermentation vessel.
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METABOLITES AND TASTE

5'-methylthioadenosine (MTA) Total Biogenic Amines

Alesmith// Speedway, Stout
Allagash// Black, Belgian Style Stout
Olde Hickory// Hickory Stick, Stout

Southern Pines// Malty by Nature, Scottish Export Ale
Stoudts// Double Maibock
Brueprint// Midnight Brue, Imperial Stout with Brett

Duvel//BelgianGolden Ale Alesmith// Speedway, Stout
The Duck Rabbit// Milk Stout Anderson Valley// Summer Solstice, Ale
Rogue// Hazelnut Brown Nectar Ayinger// Oktoberfest, Marzen

Carolina Brewery// Copperline, Amber Ale
Victory// Prima Pils

Uinta//Baba, Black Lager

Watou// St. Bernardus Abt 12, Belgian Abbey Ale
Unknown Brewing Company// Over the Edge, IPA
Anchor// California Lager

Rogue// Dead Guy, Ale

Fullers// ESB

Schneider Weisse// TAP7, German Hefeweizen
Unibroue// La Fin Du Monde, Belgian Style Triple Ale
©Oakand Dagger// Coffee Brown Ale

Raven's Roost// Baltic Porter

Great Lakes// Edmund Fitzgerald, Porter

Carolina Brewery// Pamlico, Pale Ale

21st Amendment// Back in Black, Black IPA
GreenMan//ESB

Brouwerij Alvinne// Phi, Blonde Sour Ale

Abita// Mardi Gras, Bock

Warsteiner// Oktoberfest

Olde Hickory// Table Rock, American Pale Ale
Welhenstephaner// Hefe Weissbier

Ayinger// Oktoberfest, Marzen

Foothills// Oktoberfest

Guinness// Draught, Pasteurized Stout

Cigar City// Maduro, Brown Ale

Oskar Blues// Beerito, Amber Mexicanstyle lager
Appalachian Mountain// Panic Water, Hoppy Pilsner
Kostritzer// Schwarzbier, Black Lager

Straight To Ale//Lily Flagg, Milk Stout

Double Barley Brewing// Thrillain Vanilla, Porter

Appalachian Mountain Brewery// Spoaty Oaty, Pale Ale
21st Amendment// Backiin Black, Black IPA
Anchor// California Lager

Lonerider// Saloon Style, Pilsner

Brouwerij Alvinne// Phi, Blonde Sour Ale

Carolina Brewery// Pamlico, Pale Ale
Erdinger//Weissbrau Dunkel

Unknown Brewing Company// Over the Edge, IPA
Double Barley Brewing// Thrillain Vanilla Porter
Straight To Ale// Lily Flagg, Milk Stout

Birdsong Brewing Co.// Paradise City, Session IPA
GreenMan// Porter, Rich Dark Ale
Hacker-Pschorr// Original Oktoberfest

Railhouse// Ka-Bar, Brown

Fortnight// X-Pat IPA

Olde Hickory// Oktoberfest, Marzen

Brooklyn// Insulated, Dark Lager

Unibroue//La Fin Du Monde, Belgian Style Triple Ale
Reissdorf// Kolsch

Abita// MardiGras, Bock

Lonerider// Tres Vaqueros, BA Belgian Style Tripel Ale
Hofbrau// Munchen Original Helles

Hofbraw// Munchen Dunkel

Kiuchi Brewery//Hitachino Nest, Espresso Stout
Weltenburger Kloster//Barock, Dunkel
Narragansett// Lager

Paulaner// Oktoberfest, Marzen

Appalachian Mountain// Porter

Founders//Porter

Kulmbacher// Edelherb, Pils

Appalachian Mountain// Porter Bitburger// Premium Beer
Dieselpunk//Honey Amber Warsteiner// Oktoberfest

Founders// Porter Jolly Pumpkir// Bum Biere, Farmhouse Ale

SierraNevada// Pale Ale Kona//Hanalel, IPA

North Coast// Old Rasputin, Russian Imperial Stout Weihenstephaner// Hefe Weissbier
Flensburger// Dunkel Duvel//BelgianGolden Ale

Birdsong Brewing Co.// Paradise City, Session IPA
Hofbrau// Munchen Original Helles

Olde Hickory// Oktoberfest, Marzen

Bells// Lager of the Lakes, Pilsner

Appalachian Mountain Brewery// Spoaty Oaty, Pale Ale
Railhouse//Ka-Bar, Brown

GreenMan// Porter, Rich Dark Ale

Erdinger// Weissbrau Dunkel

Sierra Nevada// Otra Vez, Gose-Style Ale
Bells//Oatsmobile, Ale

Fortnight Brewing Co.// Redstormer, Red Ale
Catawba Brewing// Hopness Monster, IPA
Guinness// Draught, Pasteurized Stout
SlerraNevada// Pale Ale

Flensburger// Dunkel

Watou// St. Bernardus Abt 12, Belgian Abbey Ale
Samuel Smith// Oatmeal Stout

Ayinger// Celebrator, Double Bock

Bombshell// Autumn Fest Ale

Oskar Blues// Beerito, Amber Mexican style lager

Anderson Valley// Summer Solstice, Ale Brooklyn// American Ale

Paulaner// Oktobertest, Marzen Bells// Lager of the Lakes, Pilsner

Wicked Weed// Napoleon Complex, Hoppy Pale Ale White Street// Kolsch
Reissdorf// Kolsch Olde Hickory// Table Rock, American Pale Ale

Bombshell// Autumn Fest Ale Paulaner//Salvator, Double Bock

Hofbraw// Munchen Dunkel Great Lakes// Edmund Fitzgerald, Porter

Ayinger// Altbairisch Dunkel

Paulaner//Salvator, Double Bock

Kulmbacher// Edelherb, Pils

White Street// Kolsch

Lonerider// Shotgun Betty, Hefeweizen

Haw River// Mille Fleur, Rustin Saison

Ayinger// Celebrator, Double Bock

Lonerider// Saloon Style, Pilsner

Big Boss// Blanco Diablo, Ale with Lime and Cucumber
Hacker-Pschorr// Original Oktoberfest

Foothills// Oktoberfest

Appalachian Mountain// Panic Water, Hoppy Pilsner
Brauerei Heller Bamberg// Helles Ochenferla Lager
Haw River Farmhouse// Communal Table, Belgian Style
Lonerider// Addie's Revenge, IPA

Schneider Weisse// TAP7, German Hefeweizen
Lagunitas// Little Sumpin' Sumpin' Ale, APA
Kostritzer// Schwarzbier, Black Lager

Carolina Brewery// Copperline, Amber Ale

Big Boss// Blanco Diablo, Ale with Lime and Cucumber

Brooklyn// American Ale Uinta// Baba, Black Lager

D9 Brewing// Swell Rider, Tangerine Session IPA GreenMan//ESB
Weltenburger Kloster// Barock, Dunkel Miller Lite

Samuel Smith// Oatmeal Stout ©Olde Hickory// Hickory Stick, Stout

Gaffel// Kolsch North Coast Brewing// Old Rasputin, Russian Imperial Stout

Brauerei Heller Bamberg// Helles Ochenferla Lager Boddingtons// PubAle
St. Peter's Brewery// Dirty Tackle Ale Wicked Weed// Napoleon Complex, Hoppy Pale Ale

Boulevard// Early Riser, Coffee Porter Rogue// Hazelnut Brown Nectar

Narragansett// Lager

Boddingtons// PubAle

Kiuchi Brewery// Hitachino Nest, Espresso Stout
Lonerider// Tres Vaqueros, BA Belgian Style Tripel Ale
Southern Pines// Malty by Nature, Scottish Export Ale

Fortnight// X-Pat IPA Cigar City//Maduro, Brown Ale
New Belgium// Dayblazer, Easygoing Ale Ayinger// Altbairisch Dunkel . . .
Haw River F J Communal Table, Belgian Sty Rogue// Dead Guy, Ale Biogenic Amines
Brooklyn// Insulated, Dark Lager Slerra Nevada// Otra Vez, Gose-Style Ale agmatine
Bitburger// Premium Beer Gaffel// Kolsch cadaverine
Castle// Bacchus, Flemish Old Brown, Belgian Beer Allagash// Black, Belgian Style Stout histamine
Miller Lite D9 Brewing// Swell Rider, Tangerine Session IPA
Brueprint// Midnight Brue, Imperial Stout with Brett Oak and Dagger// Coffee Brown Ale phenylethylam ne
Lagunitas// Little Sumpin' Sumpin' Ale, APA Raven's Roost// Baltic Porter putrecine
Catawba Brewing// Hopness Monster, IPA Lonerider// Shotgun Betty, Hefeweizen spermidine
Kona//Hanalei, IPA New Belgium// Dayblazer, Easygoing Ale .
Fortnight Brewing Co.// Redstormer, Red Ale Dieselpunk// Honey Amber spermln?
Stoudts// Double Maibock Haw River// Mille Fleur, Rustin Saison tryptamine
Jolly Pumpkin// Bum Biere, Farmhouse Ale Fullers// ESB tyramine
Lonerider// Addie's Revenge, IPA Bells// Oatsmobile, Ale

Normalized Concentration

Boulevard//Early Riser, Coffee Porter

Castle Brewery// Bacchus, Flemish Old Brown, Belgian Beer
The Duck Rabbit// Milk Stout

St. Peter's Brewery// Dirty Tackle Ale

Victory// Prima Pils
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Normalized Concentration

MTA and biogenic amines, products of several metabolic processes of common brewing yeast and bacterial strains
as well as strains that are responsible for beer spoilage, have been shown to contribute off-flavors to beers. All beers
analyzed, regardless of MTA or BA levels, were found to be delicious.
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CONCLUSIONS
The ZipChip microfluidic CE-MS system provides an easy-to-use platform for rapid bioreactor monitoring. These
analyses require little, if any, sample preparation and vield high quality MS data with hundreds of quantifiable features
ina4 minute run.

eHeubergeret al., Food Chemistry 200 (2016) 301-307.
e Dandrifosseet al., Food Chemistry 89 (2005) 519-525.
«www.908devices.com
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