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ABSTRACT

High gravity brewing has been presented as annaliiee

to make beer more profitable. The fermentation ighh
concentrated wort normally stops prematurely due th
high stress conditions imposed by osmotic pressui
high ethanol content. In this wort, initial oxygenntent
and yeast preconditioning were applied and compared
when used to accelerate very high gravity (VHG)
fermentations. This work showed that using puregexy
instead of air, the fermentation time can be reduice
about 24h without changes in the higher alcohold an
esters production profile. When the yeast s
preconditioned with a mixture of unsaturated faityds
and salts before pitching the wort, the fermentatiatch
can be reduced from 7 to 5 days achieving lowddues
extract. This difference in the residual extragutes in a
beer with 1 % more ethanol, which corresponds to an
increase of 18% in the productivity.

INTRODUCTION

The amounts of beer produced by a world spreaddbran
mark and the competitiveness of this market drive
consistent research programs in order to imprové an
make the brewing process more profitable.

High gravity fermentations have been researched and
presented as an alternative for raising the beer
productivity without changing layouts of industries
(Huuskonen et al. 2010). However, some limitations
related with yeast usage appear when the wort
concentration is increased above certain valuegh Hi
sugar concentration slows fermentations and the
physiological state of the yeast slurry collected feuse
can be compromised. The potential osmotic and ethan
stresses at the beginning and at the end of the
fermentation, respectively, can be minimized by
manipulating  environmental parameters of the
fermentations such as temperature, pitching ratevaort
composition (Erten et al. 2007).

For a brewery, it can be profitable to prepare the
microorganism for such task by enriching the yewsith
nutrient before pitching the wort (Bafrncov and
Smogrovi” 1999). In previous work, some nutrienithw
proved positive effect on the fermentation perfanoea
(Wang et al. 2007) were applied to pre-conditionihg
yeast slurry before pitching VHG fermentations wiitte
yeast in study.

The initial oxygen dissolved in the wort is an imjamt
key for the success of the yeast. Most breweriggenate
the wort with air on the cold side after the woobler
increasing in this way the oxygen solubility. Aetend of
the fermentation the green beer is completely foée
oxygen (Verbelen et al. 2009). Considering the air
composition, the aeration only gives 7-11 ppm of
molecular oxygen to the wort. The oxygen is only
introduced in the system before pitching the woithw
yeast slurry. It is all the oxygen that yeast fmproduce
cell membrane constituents whose depends on that ga
Membrane lipids (unsaturated fatty acids and s¢rate
extremely important for the yeast protection during
fermentation (Blagovi et al. 2001). The oxygen
concentration given by the aeration could not beugh
for VHG fermentations.

This work presents the comparison between two
scenarios: (1) yeast supplementation with an ureszid
fatty acids mixture and salts and (2) wort oxygemat
with pure Q (24 ppm of molecular oxygen).

METHODS

Lager fermentations were carried out using an itrélis
brewer’s yeast strain adbaccharomyces cerevisiaéhe
yeast slurry was collected from the industrial at@r tank
with a viability of 91%.

Yeast preconditioning was done by adding linoleidda
tween 80, magnesium sulfate and zinc chloride ® th
yeast slurry. After gentle mix, the yeast slurrysvikapt in
contact with nutrients before being transferred the
fermenter.

Brewing fermentations were carried out in 2 L ERGds
at constant temperature of 18°C using 22°P wort and



pitching rate of 20x1D cells/ml. Beer samples were
analyzed for alcohol and extract content by Beeal&er,
Anton Paar. Superior alcohols, esters, beer bassrand
SO, were analyzed according Analytica-EBC.

RESULTS & CONCLUSIONS

Brewing fermentations with increased initial dissa
oxygen increased the fermentation rate (see Fifuraéhe
fermentation is stopped when, in 24 h, the extract
reduction is equal or less than 0.1°P. Accordinghtt
criterion, the fermentation time is reduced in abgadh
using initial G concentration of 24 ppm instead of 10
ppm given by aeration.
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Figura 1: Extract consumption (continuous line) asttanol
production (discontinuous line) profiles during B2%ort
fermentations at 18 °C.

Figure 1 shows that the nutritional supplementatibthe
yeast during the 24h prior pitching increased midy ohe
fermentation rate but also the extent of the preces
reaching a lower residual extract. The fermentatiore
was reduced from 7 to 5 days and the final greem bad
more 1 % (v/v) of ethanol. The production capaevigs
increased 18% using the nutritional treatment efytbast.
At the end of the fermentations with preconditioryedst,
the fermenter had two times more yeast settledhen t
cone than non-preconditioned yeast, suggestingéstad
nutrients induced a higher metabolic state to tlerys
(data not showed). Final diacetyl, bitterness a@d sad
direct relationship with the yeast slurry used et
fermentation. Diacetyl was two times lower when Wt
was fermented by preconditioned slurry. Bitternkxss
was observed when preconditioned yeast was used.

Fermentation with preconditioned yeast resulted fimal
beer with more 12.5 % of superior alcohols (maimy
propanol), and consequently lower esters contehe T
decrease on esters amount is more noticeable, 8Bdkt

(mainly ethyl acetate). This fact is important far
Brewery once the goal of the fermentation is ndy da
produce higher amounts of alcohol but also keep the
identity of their beer.
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