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Fig. 1  Schematic diagram of the serial transfer of yeast cultures

ENZYME ACTIVITY | Under the German Purity Law 40 different 

types of  malt, over 200 strains of  yeast, more than 250 hop varie-

ties and the way in which the brewing process is performed alone 

provide many ways of  developing styles of  beer [1]. Besides water 

and malt, yeast and hops are the key factors in determining the fla-

vour and aroma of  a beer. Research has shown that not only do the 

quantity and timing of  the hop dosage play an important role here 

but also the biochemical interaction with the strain of  yeast used.

OVER THE PAST FEW YEARS the ac-
tivity of  the β-lyase enzyme in yeast strains 
and the associated changes in aroma and 
flavour in conjunction with various hops 
have often been the subject of  research, 
especially with regard to top-fermenting 
yeasts. The following study concentrates on 
bottom-fermenting strains of  yeast. By us-
ing a selective culture medium, conclusions 
could be drawn as to the β-lyase activity of  
the specific strains. The effect of  this enzyme 
activity and release of  flavour-active thiols 
that influence the flavour profile of  a beer 
were examined using hop varieties Cascade 
and Sorachi Ace. The sensorial analysis of  
these beers from lab tests at the Doemens 
Academy confirms that bottom-fermenting 
yeast strains with a high enzyme activity 
can produce specific flavours.

The bitter substances, hop oils and poly-
phenols in hops are determinative in the 
production of  beer [2]. The quantity of  es-
sential oils hinges on the variety of  hop. 
Depending on the type, higher amounts of  
hop oils can be present with an increase in 
the content of  α-acids. The release of  these 
flavour-intensive substances depends on 
when the hops are added in the brewing pro-
cess. Early hopping during boiling results in 
a very low percentage of  aromatic hop oils 
in the beer owing to evaporation, separation 
and chemical reaction.

A further variant is dry hopping, where 
the hops are dosed as the beer matures. This 
eliminates the loss of  volatile flavours dur-

ing boiling and the essential hop oils remain 
in the beer. Taste and flavour constituents 
emerge that are also described as a green 
hop flavour. Hopping towards the end of  
wort boiling or in the whirlpool is known as 
late hopping. With this method the hops are 
subjected to higher temperatures yet there 
is hardly any volatilizing of  valuable flavour 
constituents [3–5].

Terpenoids are among the most impor-
tant natural flavourings [6]. These include 
the monoterpene alcohols most relevant to 
brewing such as linalool, geraniol and their 
isomers nerol, α-terpineol and β-citronellol, 
with flavours that range from fruity and flo-
ral to fresh, green and peppery. It has been 
proved that the monoterpene alcohols in 
hops are not biotransformed spontane-
ously but by yeast strains during fermenta-
tion [6, 7]. Geraniol is chiefly transformed 
to β-citronellol, with nerol and linalool also 
produced in low quantities. Linalool and ne-
rol are transformed to α-terpineol, lending 
the beer a new flavour profile [7].

The raw ingredients malt and particu-
larly hops contain sulphur compounds. Of  
these, the group of  polyfunctional thiols is 
significant for the brewing process and the 
flavour and aroma of  a beer. The human 
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Fig. 2  Growth of the various yeast strains following the first incubation and five-loop streak-

ing on selective culture medium YCB-SMC

Fig. 3  Results of profile evaluation with yeast strain 314

olfactory system reacts very sensitively to 
compounds such as these. Alongside vari-
ous other thiols, 4-mercapto-4-methyl-
pentan-2-one (4MMP), 3-mercaptohex-
anol (3MH) and 3-mercaptohexyl acetate 
(3MHA) have the lowest perception thresh-
olds [8]. These polyfunctional thiols are 
responsible for flavours such as rhubarb, 
tropical fruit and citrus (3MH), passion fruit 
and grapefruit (3MHA) and blackcurrant 
(4MMP) [9, 10].

Besides the polyfunctional thiols, their 
non-volatile precursors are also contained 
in raw ingredients hops and malt, from 
which olfactorily effective substances 
are released by enzymatic breakdown. This 
can be achieved by selecting suitable yeast 
strains with high β-lyase enzyme activity 
[8].

lExperiments with enzyme activity

This study reveals enzyme activity of  β-lyase 
in five bottom-fermenting yeast strains from 
the Doemens yeast bank using a selective 
culture medium according to Belda et al. 
[11]. Using this culture medium enzyme ac-
tivity in Saccharomyces cerevisae and various 
non-Saccharomyces yeasts could be deter-
mined. The selective culture medium is de-
signed in such a way that only yeast strains 
with suitable activity of  the β-lyase enzyme 
can break down and grow the nutrient 
substrate while other yeasts are inhibited 
[11].

The streaking method on the culture me-
dium was modified using a five-loop streak 
(see fig. 1) to enable conclusions to be drawn 
as to the extent of  β-lyase activity. Serial 
transfer can prevent carryover of  the raw 
ingredients and especially of  sources of  ni-
trogen in the form of  proteins.

In the five bottom-fermenting yeast 
strains 314, 370, W547, W548 and W574 
in the Doemens yeast bank increased β-lyase 
activity was observed that to date has been 
described in research projects for wine 
yeasts and in the brewing industry for top-
fermenting yeasts [8, 12, 13]. Fig. 2 shows 
the selected yeast strains following serial in-
cubation on YCB-SMC agar. The growth of  
control strain Torulaspora delbrueckii (con-
trol strain according to Belda et al. [11]) up 
to streak five is clearly visible.  The streaks 
of  the depicted yeast strains vary in growth 
from streaks three to five.

Bottom-fermenting yeasts are consid-
ered to be lower in enzymes than top-fer-
menting strains [14].  Through transfer to 

the selective culture medium in combina-
tion with the modified streaking method, 
β-lyase enzyme activity could be ascer-
tained in the Saccharomyces carlsbergensis 
strains. The activity of  the enzyme and re-
sulting growth are specific to the strain of  
yeast.

lFlavour development in the beer

In order to examine the development in fla-
vour of  the five β-lyase-active yeast strains, 
industrial wort (100 % light barley malt, 
12 ° Plato, hopped with Hallertauer Tradi-
tion at the start of  wort boiling only) was 

used that provides similar start conditions 
for the yeast strains in the various fermenta-
tion tests.

A sensory evaluation of  the beers brewed 
using yeast strains 314, 370, W547, W548 
and W574 was made, a flavour profile cre-
ated and this transferred to a spider chart. 
Further tests with additional late hop-
ping were intended to highlight the pos-
sible differences between the expected hop 
flavour and the actual aromatic impres-
sions created by enzyme activity of  β-lyase.
Yeast strains 314, W547 and W548 were 
used for these experiments, said to have 

Yeast strains following the 1st incubation on YCB-SMC agar

Yeast strains following five-loop streaking and the 2nd incubation on YCB-SMC agar
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Fig. 5  Results of profile evaluation with yeast strain  W548

Fig. 4  Results of profile evaluation with yeast strain  W547

sweeter, fresher notes in tasting. These 
fruity flavours can point to increased β-lyase 
activity. Hop varieties Cascade and Sorachi 
Ace (BarthHaas) were used. Strains 370 
and W574 are rated as having sulphurous, 
grainy and bitter attributes and were thus 
not included in the experiments with hop-
ping.

Fig. 3 gives the results of  the sensory eval-
uation of  yeast strain 314. It shows signifi-
cant differences in the vegetative aromas. 
The beers hopped with Cascade and Sorachi 
Ace are described as being more floral and 

differ from the version where there was no 
additional late hopping. The fruity accents 
of  hop variety Cascade are described here 
as leaning more towards grapefruit and 
passion fruit. As regards these characteris-
tics, the beer made with Cascade (and yeast 
strain 314) significantly differs from the un-
hopped beer. According to the hop profile, 
flavour characteristics such as grapefruit 
are possible with the Cascade hop. In this 
experiment, aromatic hints of  sweet fruit 
such as passion fruit were possible in com-
bination with this yeast strain and enable 

conclusions to be drawn as to the enzymatic 
release of  thiols.

Fig. 4 shows the sensory evaluation 
of  the beers fermented with yeast strain 
W547. The vegetative notes of  strain W547 
are described as herbal and as being floral 
after hopping. The perception of  this char-
acteristic and an aromatic hint of  red ber-
ries are significantly higher for the beer 
hopped with Cascade.

The emphasis on citrus is also enhanced 
by both varieties of  hop. Here, the grape-
fruit and orange flavours in the beer hopped 
with Cascade are classed as being signifi-
cantly higher than in the beer produced 
without additional late hopping. The much 
more intensive notes of  citrus are perceived 
through both hops, regardless of  the variety 
in the beer, and can be an indication of  the 
formation of  olfactorily perceivable thiols 
specific to the strain of  yeast.

Fig. 5 depicts the results of  the sensory 
evaluation of  the tests involving yeast strain 
W548. This illustrates that the beers in this 
test are perceived as being purer and fresher 
through additional hopping with Cascade 
or Sorachi Ace. The vegetative flavours for 
yeast strain W548 are described as being 
more herbal, with late hopping producing 
floral notes. Hopping with Cascade yields 
significant differences in the flavour profile 
(from citrus and tropical fruit to red berries) 
compared to the unhopped beers. 

Hop variety Sorachi Ace lends the beer 
fermented with yeast strain W548 hints of  
grapefruit and caramel that significantly 
differ from those in the unhopped beer. The 
citrus aromas are typical for the Cascade 
hop. The aromatic emphasis on red berries 
and passion fruit is only possible through 
combination with this yeast strain and sug-
gests that thiols are released.

lConclusion

The experiments carried out at the Doe-
mens Academy clearly show how different 
raw materials, the combination thereof  
and the various process parameters influ-
ence the flavour profile of  a beer. In the tests 
performed under laboratory conditions the 
method of  late hopping was examined that 
can also be applied in a closed system and on 
an industrial scale, as the hop solids can be 
removed prior to fermentation.

Applications in the cold range, such as 
dry hopping, can have a more intensive im-
pact on the flavour as longer contact times 
between yeasts and hop substances are 
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possible. The flavours can only be released 
using a suitable strain of  yeast with corre-
sponding enzyme activity, however [15].

In future the concentration ratios of  
thiols and their impact on the individual 
flavour characteristics are to be determined 
with greater accuracy in order to be able 
to specifically create the required flavour 
profiles. With the correct application of  en-
zyme-active yeasts in combination with dif-
ferent varieties of  hop, new or reinterpreted 
styles of  beer can be created under the stipu-
lations of  the German Purity Law. 

The practical experiments at the Doe-
mens Academy were performed for a mas-
ter’s thesis at the Management Center Inns-
bruck (MCI) in Austria.  ■
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