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PITCHING RATE IN HIGH GRAVITY BREWING
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The optimal pitching rate in high gravity worts (12-16°P) was about 0.3 g/l wet weight (2.3 x 10°
counted cells/ml) and per one percent of original wort gravity. In very high gravity worts (20-23°P) the
corresponding figure was 0.4 g/l (2.9 x 10° cells/mli). Higher amounts of yeast did not improve the

fermentation rate.

With increased original wort gravity, flocculation of the yeast weakened and the amount of cropped
yeast decreased. The viability of the crop yeast was good.

in the conditions used, excessive production of acetate esters occurred only with pitching rates
lower than the recommended rate. As the original wort gravity increased, more fermentable extract
was metabolized to ethanol rather than utilized for yeast growth. The highest ethanol yield obtained

was 10.9% (v/v).
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INTRODUCTION

The idea behind high gravity brewing is to increase the
capacity of the brewhouse and the fermentation. The ethanol
content of fermented beer is higher than that of the final
product. Worts exceeding 12°P are called high gravity worts
(HG) and those exceeding 18°P very high gravity worts
(VHG)®, The desired ethanol content is adjusted by using
oxygen-free filtered water!!, as a result of which the flavour
compounds of strong beer are also diluted in the same ratio
as ethanol.

HG technology reduces the costs of energy, labour and
equipment per volume of beer produced, increases the
capacity of the brewery without new investments and makes
utilization of raw materials more efficient®!!-12:20.28.34 The
beer quality and the stability of beer flavour has been good™.
The risk of contamination is reduced' and the chemical
stability is also improved with increasing fermentation time?.

The advantages of HG technology are achieved only if the
fermentation time remains moderate and the attenuation and
flavour of the beer and the viability of yeast are adequate.
These demands have retricted the gravity of worts commonly
used in industry to 16-18°P. As the wort gravity increases
the factors inhibiting yeast growth and viability as well as
fermentation are osmotic pressure!®!52527  metabolites
such as ethanol?3-483033_ carbon dioxide'’, fattyacids and
esters'®2! and the deficiency of yeast nutrients, amino nitro-
gen and oxygen (or oleic acid and ergosterol)3--23.24,

The problems arising have been solved by using higher pitch-
ing rates®’1%2% higher fermentation temperatures®5-9-1420
and more efficient aeration®'*2°222% than in conventional
brewing,.

The aim of this work was to study the effect of pitching
rate on fermentation and flavour formation in HG brewing.

MATERIALS AND METHODS

Worts

Worts with original gravities of about 12, 16, 20 and 23°P
were produced in the VTT pilot brewery using 70% malt
extract (Oy Lahden Polttimo Ab) and 30% of a mixture of
barley syrup and invert sugar (Neson Oy). All the nutrients
were concentrated in the same ratio as sugar. The content
of amino nitrogen was about 13.5 mg/l°p and of zinc
11.2 pg/l°p. The pH was 5.7-6.0.

Fermentation
All the worts were similarly aerated in 50 1 kegs using
filtered compressed air at 3 1/min for 30 min. Immediately

after aeration the wort was transferred to EBC tubes (2 2.5 |,
duplicate tubes) using filtered compressed air and inoculated
with yeast. The temperature of the fermentation room was
+10°C. The fermentations were carried out until the apparent
attenuation was about 80%.

Yeast strain and pitching rate

The yeast strain used was the bottom fermenting industrial
brewer’s yeast strain VTT-A-63015.

Pitching yeast was cultivated as described earlier®'.The
pitching rates used, expressed as centrifuged yeast mass,
were from 1 g/l (corresponding to 0.25 g/l dry weight and
7.25 x 10° calculated cells/ml) up to 10 g/l (corresponding
to 2.5 g/l and 7.25 x 10" cells/ml).

Analyses

The fermentation was monitored on working days by
determining the amount of yeast in fermenting wort (dry
weight) and the apparent extract (specific gravity). At the
end of fermentation the alcohol content (distitlation), amount
of crop yeast (sedimented yeast, wet weight), total diacetyl
(free diacetyl and o-acetolactate) by gas chromatography>!
and main flavour compounds (acetate esters and higher
alcohols) by gas chromatography?® were also determined.
The viability of crop yeast was evaluated by capacitance
measurement'®.

REesuLTs AND Discussion

Fermentation

In all worts from 12 to 23°P and with all pitching rates
from 1 to 10 g/l (wet weight) the desired apparent attenuation
of 80% was reached. However, the fermentation time needed
varied from 5 to 23 days (Fig. 1). The shortest times were
5 days in 12°P wort with pitching rates of 4 g/l or higher, 6
days in 16°P wort with pitching rates of 5 g/l or higher, 9
days in 20°P wort with a pitching rate of 8 g/l and 14 days
in 23°P wort with pitching rates of 9 g/l or higher.

The capacity of fermentation was improved in 16°P wort
compared with 12°P wort, but it decreased slightly in 20°P
wort and significantly in 23°P wort (Fig. 2A). In 20 and
23°P worts the fermentation rate decreased when the ethanol
content reached about 5% (v/v). In the conditions used,
pitching rates higher than 4-5 g/l did not improve the fermen-
tation rate in 12 and 16°P worts. In 20 and 23°P worts the
maximal fermentation rate was reached with pitching rates
of 8-9 gl. -

In 12, 16, 20 and 23°P worts the ethanol concentrations
produced were on average 5.1, 7.1, 9.4 and 10.6% (v/v),
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Fic. 1. Fermentation times needed for 80% apparent attenuation in 12-23°P worts with different pitching rates. Worts: 12°P OJ; 16°P B,
20°P @; 23°P A.
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Fic. 2. Fermentation (A) and yecast growth and flocculation (B) in 12-23°P worts with optimal pitching rates. Worts (pitching rate): 12°P

(4 g/1) @; 16°P (5 /M) O; 20°P (8 g/l) A; 23°P (9 g/M) A.

respectively. As the original wort gravity increased, 41.0,
41.9, 43.4 and 44.3%, respectively, of the fermentable extract
was metabolized to ethanol. This is an advantage in HG
brewing, because less sugars are used for yeast cultivation.

Yeast growth and flocculation

With different pitching rates the yeast cells had different
possibilities for growth, because in the same wort the nitro-
gen, lipid and oxygen contents were the same for all pitching
rates. As the original wort gravity and pitching rate increased,
the maximal yeast amount in fermenting wort also increased

until about 8 g/l was reached (Figs. 2B, 3). The highest yeast
amount was obtained in 20°P wort.

As the original wort gravity increased, the flocculation of
the yeast weakened (Figs. 2B, 4) and the amount of crop
yeast decreased (Fig. 5). The amount of crop yeast was
highest in 16°P wort and clearly lowest in 23°P wort, in
which the amount was only just sufficient for the subsequent
pitching at the same rate.
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FiG. 5. Amount of crop yeast (wet weight) in 12-23°P worts with different pitching rates. Worts as in Fig. 1.
In order to compare the results, the values were calculated

to represent final beers with alcohol contents adjusted to

buffering capacity of the stronger worts. With increased 4.5% (v/v).

pitching rate, the decrease of pH was more pronounced.

The formation of diacetyl decreased with higher original

Pitching rate,
Flavour of fermented beers
As the original wort gravity increased, the decrease in

pH also decreased (Fig. 6), presumably due to the higher

pH
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FiG. 6. pH after fermentation in 12-23°P worts with
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Fic. 7. Total diacetyl content per 4.5% (v/v) ethanol after fermentation in 12-23°P worts with different pitching rates. Worts as in Fig. 1.

wort gravity (Fig. 7). The effect of pitching rate on diacetyl

formation was not clear.

The formation of ethyl acetate increased with higher wort
gravity (Fig. 8). The formation of ethyl acetate decreased
with increased pitching rate. In light lager beers the taste
threshold value of ethyl acetate is about 25 mg/l. Thus, the

pitching rates of 1-3 g/l.
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formation of ethyl acetate was too high only with the low

The formation of 3-methyl butyl acetate decreased strongly
with increased pitching rate, but the original wort gravity
had no effect (Fig. 9). In light lager beers the taste threshold
value of 3-methyl butyl acetate is about 2.5 mg/l. The forma-

Fic. 8. Ethyl acetate content per 4.5% (v/v) ethanol after fermentation in 12-23°P worts with different pitching rates. Worts as in fig. 1.
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FiG. 9. 3-Methyl butyl acetate content per 4.5% (v/v) ethanol after fermentation in 12-23°P worts with different pitching rates. Worts as
in Fig. 1.
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FiG. 10. Total higher alcohol content per 4.5% (v/v) ethanol after fermentation in 12-23°P worts with different pitching rates. Worts as
in Fig. 1.
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Fi6. 11. Capacitance of crop yeast after fermentation in 12-23°P worts with different pitching rates. Worts as in Fig. 1.

tion of 3-methyl butyl acetate was too high in worts with the  (Fig. 10). All the amounts of higher alcohols were below the
lowest pitching rates of 1-2 g/l. taste threshold value of about 100 mg/l. In VHG worts the

The formation of higher alcohols decreased with higher total amounts of higher alcohols were lower than the level
wort gravity, but the pitching rate had no clear effect of 75 mg/l generally found in Finnish beers.






