From Mash to Bottle: Chemistry of the Brewing Process and NMR-based Quality Control
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Step 3: Fermentation
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The first step in modern brewing is the mash, in which crushed Spectra were processed in Mnova (ver. 8.2.0-12621) and Chemometrics were performed in Eigenvector (ver. 6.1) St el e T I IO Y A | T
grains are mixed with hot water to activate native barley amylases. 1|
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Vessel, where a yeaSt culture is added to ferment the wort into I . B N B L U I S D A1 V11 S S OV PRLN | A S S PV DV PV SRS VYV TS S SO SRR SR T W Y W VSR YIS 5T lactic acid, ethanol, succinic acid and higher alcohols increased. Amino acids (alanine, leucine, isoleucine, valine) decreased throughout fermentation.
ngeen beer.” ThlS UnﬁniShed beer iS then ﬁlterEd, Carbonated, 3 ’Ill Higher carboxylix acids, e.g. citric and malic acid remained the same throughout fermentation.
bc?ttled/kegged and aged. This entire process is outlined below I',;L ||||'| || |‘| l The fermentation of beer samples followed a predictable course as the concentrations of ethanol and fusel alcohols
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THE BREWING PROCESS 1 1 o i preferentially fermented, leaving residual maltotriose and longer chain dextrins. This data gives insight into the final
Grist casa’ Malt mill Mash tun A |“ gravity of a beer, which impacts its body and mouthfeel.

In addition to the increase in alcohols, acetic and pyruvic acids increased in relative concentrations, both of which are
| | | \U‘ | ‘ | L e intermediates in the ethanol fermentation pathway of S. cerevesiae. Because acetic acid is a precursor to the
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- _ ] ) U =YY Lu ’ =TT tricarboxylic acid cycle, and the relative concentrations of succinic, citric and malic acid stayed constant, it would be
reasonable to infer that this process was completely anaerobic. The concentrations of these acids could be used to
determine if there was an introduction of oxygen to the brewing stream.
The increase of lactic acid was marginal, and could be attributed to the metabolic activity of introduced yeast or
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Figure 1: Changes in carbohydrates (left) and amino & organic acids (right) over the course of the mash. Mash-in (red/4), first runnings (green/3), sweet wort after 40 barrel run off (blue/2), end of
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sparge (purple/1). Relative to the initial mash(4), the first runnings (3) had larger amounts of all maltooligosaccharides (left panel), all of which decreased continuously to the end of the mash (1).

resident lactic acid bacteria. In the event that production was due to lactic acid bacteria, the amounts were minimal
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of the same beer. Labeled chemical species serve as

representatives of identifiable compounds, along with
illustrations of the inferences a chemist can draw by using these
compounds.

Figure 2: Spectra of carbohydrate region of samples pre- (top) and post- (bottom) boil. There were no significant differences in the relative amounts of any resonances displayed. Assigned resonances
are identical to those in Figure 1, excepting the addition of kojibiose.

Though no direct trends were observed in pre- and post-boil samples, the potential exists that certain compounds
could be used for quality control measures during the boil step. For example, kojibiose, a product of the
carmelization of glucose, is a potential indicator for the condition of a beer while boiling, as excessive
carmelization and browning can influence the color and flavor of a finished beer.
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