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What Is Sour Beere¢

» Wikipedia says:

» “Sour beeris a beer style characterized by an intentionally acidic, tart,
sour taste.”

» “Wild Brews: Beer beyond the Influence of Brewer's Yeast”
» Category 17 of the Beer Judge Certification Program

» Encompasses: Berliner Weisse, Flanders Red Ale, Flanders Brown Ale,
Lambic, Fruit Lambic, Gueuze
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» Malted Barley, Unmalte
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» Dextrins, Dextrins,

» Oak Foudre
» Stainless Steel Tank
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Berliner Weisse & Biological
Acidification

» Reinheitsgebot of 1516
» Beer can contain only malt, hops & water
» Unmalted wheat and yeast added in the Provisional Law of 19964
» Artificial alteration of pH is illegal®

» Development of Biological Acidification/Sour Mashing

» Utilization of native microbes for pH adjustment?




Temperature Dependence of the
Sour Mash Technigque

» Goal:

» Does the “magic” temperature of 120°F have a chemical significance?

» Record and quantify sour metabolites & contaminant products as a function of sour mash
temperatfure

» Determine wi% of metabolites using Maleic Acid internal standard & manual integration
» Lactic Acid
» Acetic Acid (contaminant)
» Succinic Acid
» Ethanol

» y-Amino Butyric Acid (contaminant)
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» Straight Run of 95°F Sour mash; Assignments from Rodrigues et al. 2010
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Absolute Metabolite Proporfions
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Conclusions

» 120°F is sub-optimal for

» Around 120°F Lactic acid
» Lactic good, Acetic” ]
» Aimis pH adjust:‘?



Lambics of Belgium & Lambic-Styles
of the USA

» What's the difference?

» Lambic - From the Pajottenland / Senne River
Valley Region of Belgium

» American likenesses styled as “American Wild Ale
(AWA)" or *American Coolship Ale (ACA)"

» Different Microbial Community
» Follow same general succession

» ACA involves a more diverse community of Lactic
Acid Bacteria and Minority Yeasts3



The Chemistry of Sour Beers

» Goals

» Comparative analysis of organic acids using quantitative NMR

» Manually intfegrated against a known mass of Maleic Acid
» Lactic Acid, Acetic Acid, Succinic Acid, Citric Acid, Malic Acid

» Analyze linear and branched dexirin ratios among multiple styles

» Utilize multivariate analysis to discriminate multiple styles of sour beer
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» Freeze dried Run of Drie Fonteinen Oude Gueuze; Assignments from Rodrigues et al. 2010, Rodrigues & Gil 2011, & Nord et al. 2004
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American Framboise-

AC | d lefe rences American Geuze-Style Style

Beer LA (mg/L) AA (mg/L) SA (mg/L) CA(mg/L) MA (mg/L)

American
Geuze- 5386.0 1410.0 238.5
Style
American
Framboise 3896.7 2972.1 394.6
-Style
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Kriek-Style
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P Belgian Geuze American Kriek-Style
QOude
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Geuze
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Tradition
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A
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B

4682.8 1965.7 423.4
OlLactic @Acetic BSuccinic BCitric

18%

Blactic BAcetic BSuccinic OlLactic BAcetfic BSuccinic BMalic



Dextrin Ratios

Ratio of a(1-4) Maltodextrin to a(1-4) » “Degree of Fermentation”
Maltodextrin by Style » Dependent on:
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Multivariate AHO‘YSIS — Principal Component Analysis

» Segregate based
largely on sugar
detail

» Independent of
ingredients
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