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In the present study we describe the fermentation characteristics of some novel, artificial yeast hybrids of three Sac-
charomyces species, two of them (S. cerevisiae and S. uvarum) adapted to high osmotic, high alcohol conditions. The 
non-commercial parental strains, hybrids (S. cerevisiae x S. uvarum, S. cerevisiae x S. kudriavzevii, S. kudriavzevii x S. 
uvarum) and meiotic segregants (F1 offspring) were utilized for fermentation of high- and low-osmotic grape juice, 
the dynamics of which was observed and the aroma profile of all resulting wines was compared to discover whether 
some of the hybrids or segregants have favourable properties concerning wine flavour and taste. The analyzed artificial 
hybrids of the Saccharomyces yeast strains had promising properties for production of high-quality wine: good glucose 
and fructose utilization even under high-alcohol conditions, high fermentation rates and generally a pronounced me-
tabolic power. The latter is precondition to high-level aroma constituent generation during fermentation. Depending 
on osmotic stress aroma profiles were very diverse but hybrids outperformed their parental yeast strains under both 
conditions, probably because they could use more metabolic pathways and maybe produced even more enzymes and 
to a higher quantity. This may hold for some of the segregants, too, which reached a high quality level concerning wine 
production. Genetic similarity pattern of the hybrids was not resembled by the one of wine characters (fermentation 
dynamics and aroma profile), the main reason of the discrepancy is the higher metabolic power of hybrids.
Keywords: Saccharomyces cerevisiae, Saccharomyces uvarum, Saccharomyces kudriavzevii, artificial hybrids, segregants, 
hybrid evolution, juice, wine, aroma profile



---   69   ---

MITTEILUNGEN KLOSTERNEUBURG 67 (2017): 68-83  GANGL et.al

cially those from S. eubayanus are common in European 
strains associated with human-driven fermentations. In 
contrast, the cryotolerant S. kudriavzevii, discovered by 
Naumov et al. in 2000, and other Saccharomyces species 
that are not adapted to high sugar and alcohol concent-
rations are currently of no significance for spirit produc-
tion.
Selmecki et al. (2015) showed that in yeast polyploidy 
alone is sufficient to speed up evolution under stressful 
environmental conditions. The same may be true for ge-
nome expansion by interspecific hybridisation 
where the basis of genetic variability is much higher 
than in simple polyploids and this may explain why 
interspecies hybridisation in yeasts can be observed so 
frequently.
Exchange of genetic information between species is not 
only characteristic for S. uvarum but seems prevalent in 
all species of Saccharomyces. The lager beer yeast S. pas-
torianus has been identified as hybrid consisting sub-ge-

Der Einfluss von Saccharomyces-Interspecies-Hybriden und ihrer F1 Nachkommen auf das Aromaprofil von 
Wein. In der vorliegenden Arbeit werden die Fermentationseigenschaften einiger neuer artifizieller Hybriden der 
Hefe-Arten Saccharomyces cerevisiae, S. uvarum und S. kudriavzevii beschrieben. Zwei der Parentalspecien (S. cerevi-
siae und S. uvarum) sind relativ gut an hohe Zucker- und Alkoholkonzentrationen angepasst, wenngleich keiner der 
benützten Stämme kommerziell als Reinzuchthefe Verwendung findet. Die Parentalstämme, Hybriden (S. cerevisiae x 
S. uvarum, S. cerevisiae x S. kudriavzevii, S. kudriavzevii x S. uvarum) und meiotischen Segreganten (Nachkommen der 
F1-Generation) wurden dazu verwendet, Traubensaft sowohl ohne als auch mit Zuckerzusatz (Saccharose) zu ver-
gären, Letzteres, um einen höheren osmotischen Stress zu verursachen. Die Fermentationsdynamik wurde beobach-
tet und die Aromaprofile aller resultierenden Weine verglichen. Die Hybriden der Saccharomyces-Hefestämme hatten 
vielversprechende Eigenschaften für die Produktion von Weinen mit hoher Qualität: gute Glucose- und Fructosever-
wertung selbst unter sehr schwierigen Bedingungen (hohe Alkoholkonzentration und osmotische Belastung), hohe 
Gärraten und insgesamt eine höhere metabolische Leistungsfähigkeit. Die chemischen Eigenschaften (z. B. Aroma-
rofil) der durch Hybridfermentation erzeugten Weine waren nicht einfach eine Kombination der Merkmale der von 
den Parentalstämmen erzeugten Weine. Es ließ sich zeigen, dass dies darauf zurückzuführen ist, dass die metabolische 
Leistungsfähigkeit der Hybriden gegenüber den Parentalstämmen deutlich gesteigert ist. In Abhängigkeit von der 
benutzten Hefe und auch vom osmotischen Stress im Gärmedium waren die beobachteten Aromaprofile sehr divers.
Schlagwörter: Saccharomyces cerevisiae, Saccharomyces uvarum, Saccharomyces kudriavzevii, artifizielle Hybriden, 
Segreganten, Hybrid-Entwicklung, Saft, Wein, Aromaprofil

Humans have consumed alcoholic drinks for at least 
nine thousand years to benefit from their exhilarating 
and germicidal impact (McGovern et al., 1996, 2004; 
McGovern and Hall, 2013). As a sugar source for 
fermentation, grapes have been used since the Neolithic 
as well as rice and other cereals and diverse sources like 
honey and different kinds of fruits even earlier.
Because of their tolerance to high sugar and alcohol con-
centrations species of the yeast genus Saccharomyces are 
of highest importance for the production of wine, beer, 
cider and spirits. Most economically relevant is Saccha-
romyces cerevisiae. Beside this species the cryotolerant 
yeast S. uvarum is also widely used for wine and cider 
fermentation. Recently it turned out (Almeida et al., 
2014) that a Patagonian sub-population of S. uvarum 
gave rise to the Holarctic population through a bottle-
neck not so long ago. Holarctic strains display multiple 
introgressions from other Saccharomyces species, espe-
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nomes of S. cerevisiae and S. eubayanus (Nakao et al., 
2009; Libkind et al., 2011; Pérez-Travéz et al., 2014). 
Gonzales (2006; 2007) and Lopandic et al. (2007) 
discovered natural hybrids of S. cerevisiae and S. kudri-
avzevii. Other natural species hybrids of this genus are 
known too.
Interspecies hybrids between yeasts of Saccharomyces 
are now widely produced by rare mating under labora-
tory conditions (Antunovics et al., 2005; Bellon et 
al., 2011; Pfliegler et al., 2012; Bellon et al., 2013). 
The hybrid genomes are not stable and show a rapid de-
velopment under stress conditions and hence they are 
an ideal tool for fundamental research concerning the 
influence of environment on the evolution of hybrid ge-
nomes. Since hybrids may become important for indust-
rial fermentation, one question of special interest in this 
context is how hybrid genomes evolve under high-sugar 
and high-alcohol conditions, if one of the parental spe-
cies is adapted to this environment but the other is not. 
In a parallel paper we set the focus of our research in this 
direction (Lopandic et al., 2016), whereas here we are 
more interested in physiological adaptations of hybrids 
and their F1 segregants.
In juice fermentation the yeast uses the juice constitu-
ents to produce hundreds of aroma compounds (Cole 
and Noble,1997; Lambrecht and Pretorius, 2000; 
Fleet, 2003). Thus the yeast is as important as the juice 
for the flavour and taste of the resulting wine. From the 
aroma profile of a wine even an artificial wine taster, an 
Artificial Neural Net (ANN), is with a high certainty 
able to find out not only which grape variety was used, 
but also which yeast strain fermented it (Tiefenbrun-
ner et al., 2009).
Gangl et al. (2009) compared natural hybrids with 
S. cerevisiae, S. uvarum and S. kudriavzevii concerning 
their fermentation and aroma profile characteristics and 
found higher concentrations of distinct constituents 
in S. cerevisiae x S. kudriavzevii hybrids. Bellon et al. 
(2011) recognized that some artificial hybrids produce 
wines with concentrations of aromatic products that 
are different to what is found in wines made by their 
parents, commercial wine yeasts, and have a favourab-
le impact on flavour and aroma profile. Parental strains 
were from the species S. cerevisiae, S. paradoxus and S. 
kudriavzevii.

Here we use three species, two of them adapted to 
high-osmotic, high-alcohol conditions for creation of 
hybrids (S. cerevisiae x S. uvarum, S. cerevisiae x S. kud-
riavzevii, S. kudriavzevii x S. uvarum). Parental strains, 
hybrids and meiotic segregants (F1 offspring) were 
utilized for juice fermentation. Fermentation dynamics 
was observed and the aroma profile of all wines was 
compared to find out whether some of the hybrids or 
segregants have favourable properties concerning wine 
flavour and taste and whether this depends on the level 
of adaptation of the parental strains to high alcohol and 
sugar concentrations.

MATERIALS AND METHODS

YEAST STRAINS

Interspecies hybrids and their F1 meiotic offspring were 
generated according to Pfliegler et al. (2014) by cros-
sing parental strains of three species, a heterothallic S. 
cerevisiae, and two homothallic strains, S. kudriavzevii 
or S. uvarum, respectively. None of the strains was spe-
cially adapted to wine production. Three hybrids were 
created: S. cerevisiae x S. kudriavzevii, S. kudriavzevii x S. 
uvarum and S. cerevisiae x S. uvarum.

AFLP GENOTYPING

In order to determine the genetic difference of parental 
strains, hybrids and segregants, the amplified fragment 
length polymorphism (AFLP) technique was perfor-
med as described in Lopandic et al. (2016). Only one 
primer pair was used for selective amplification and thus 
only a small part of the genome was analysed. For any 
two yeast genomes Dice’s similarity was computed.
In order to convert the resulting binary files into a gra-
phic representation tree topologies are commonly used. 
Those are adequate for diverging processes like standard 
evolution but obviously do not fit for converging events 
like hybridisation. Net methods, developed for presen-
tation of conflicting phylogenies (Huson et al., 2010) 
would be more appropriate, but nevertheless determine 
the topology, too. To be free of fixed topologies, we used 
a back propagation Artificial Neural Network (ANN) 
that performs a Principal Component Analysis (PCA) 
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if the data are appropriate, but can also go beyond this 
and is able to compute even if some restrictions of the 
PCA appear (Hartung and Elpelt, 1999), e. g. if there 
are many more characters than objects, like in the binary 
AFLP data. The necessary algorithms are realized by Vi-
DaX software for visual data exploration (LMS-Data, 
Trofaiach, Austria). As expected, the resulting topology 
was a circle.

MICROVINIFICATION

A pasteurised grape juice of the Austrian vine variety 
'Grüner Veltliner' with an initial sugar concentration 
of 81.1 g/l fructose and 76.7 g/l glucose, a pH value 
of 3.24 and a refractometrically measured gradation of 
13.5 °KMW was inoculated on June, 2nd, 2014 in sepa-
rate flasks with the parental strains S. cerevisiae, S. kud-
riavzevii, S. uvarum, the three hybrids and their twelve 
F1 segregants (18 samples). Microvinifications were 
carried out in 300 ml Erlenmeyer flasks filled with 250 
ml grape juice at a standardised temperature of 20 °C. 
The fermentation progress was monitored by determi-
ning the weight loss caused by the production of CO2. 
Fermentation lasted for 15 days before wine chemical 
analysis started.
In a second experiment 227.5 g/l sucrose were added to 
the juice   which rose the gradation to 26.5 °KMW   to 
enhance the osmotic stress. Microvinification took pla-
ce in the same way and after 21 days wine samples were 
taken for chemical analyses.
The resulting wines were tested olfactorily. Odour and 
taste of all wines were acceptable.

WINE CHEMICAL ANALYSIS

BASIC ANALYSIS

Chemical analysis of organic compounds of juice and 
wine, like ethyl alcohol and glycerol, sugars (fructose, 
glucose) and acids (titratable and volatile acids, tartaric, 
malic, citric and lactic acid) was performed following 
the OIV Compendium of International Methods of 
Analysis of Wines and Musts Vol. 1 and 2 (OIV, 2014). 
Methods for density determination were taken from the 
ALVA-Methodenbuch für Weinanalysen in Österreich 
(ALVA, 1984).

AROMA PROFILE

For analysis of volatile aroma compounds of the wine, 
gas chromatography-mass spectrometry (GC-MS) was 
used as described by Gangl et al. (2009).

RESULTS AND DISCUSSION

GENETIC SIMILARITY OF 
PARENTAL STRAINS, THEIR HYBRIDS AND 
THE F1 SEGREGANTS

AFLP was performed before fermentation and the re-
sults are described in detail in Lopandic et al. (2016). 
However, the main events following hybridization and 
meiotic segregation are presented in Figure 1.
Since every combination of two parental strains was cre-
ated, in the PCA representation the parental strains and 
hybrid yeasts arrange themselves in a circle (actually it is 
an ellipse). For a more detailed analysis Dice’s similari-
ty Dx,y was computed for all combinations of two yeasts 
x and y (Appendix 1). The genetic resemblance of the 
hybrids to the parental strains is not equal to both in S.c. 
x S.u. but higher to S. cerevisiae (D = 0.65 vs. D = 0.53 
for S. uvarum). For S.k. x S.u. the similarity is higher to 
S. kudriavzevii (D = 0.73 vs. D = 0.56 for S. uvarum). In 
S.c. x S.k. S. cerevisiae is more similar to the hybrid (D = 
0.77 vs. D = 0.67 for S. kudriavzevii). This situation is 
reflected in Figure 1.
From each zygote four segregants result, but they are 
pairwise genetically identical as far as can be conclu-
ded from the AFLP data (D = 1 for all pairs). Thus each 
segregant symbol in Figure 1 represents two F1 hybrid 
offspring. In the case of the S.c. x S.u., the segregants re-
main relatively similar to the hybrid (D = 0.8 and D = 
0.81, respectively) and to one another (D = 0.86), the 
similarity to S. cerevisiae is high too (D = 0.71). In the 
other segregants that descend from S. kudriavzevii the 
distance to the genome of this species is remarkably hig-
her than to the second parental strain.
In the hybrid offspring of S.k. x S.u. one pair remains 
more similar to the hybrid than to S. uvarum (D = 0.79 
vs. D = 0.69) whereas the other one shows more genetic 
resemblance with S. uvarum (D = 0.75) than with the 
hybrid (D = 0.71). Bearing in mind the hybrids' higher 
similarity to S. kudriavzevii (D = 0.73) compared with 
the one to S.uvarum (D = 0.56), the low similarity of the 
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hybrids F1 offspring to S. kudriavzevii (D = 0.37 and D 
= 0.5, respectively) is surprising.
In S.c. x S.k. the genome of all F1 hybrid offspring is 
more similar to the hybrid than to S. cerevisiae but Dice’s 
similarity is very high for both (for the hybrid D = 0.88 
and D = 0.86, respectively, and for S. cerevisiae D = 0.85 
and D = 0.81, respectively).

JUICE FERMENTATION WITH PARENTAL 
YEAST STRAINS, HYBRIDS AND THEIR SEGRE-
GANTS

All 18 yeast strains were used to ferment 'Grüner Velt-
liner' juice into wine, either with sucrose added or not. 
The resulting 36 wines were analysed concerning con-
centration of basic chemical constituents like alcohol, 
sugars and acids, the physical property density, pH-
value (Table 1) and of 32 important aroma compounds 
that have a significant influence on flavour and taste (Ta-
ble 3).

Table 1: Correlation of basic chemical and fermentation
parameters. Analysis was made separately for
unmodified must (-) and must with sucrose added (+).
Two parameters that correlate with a coefficient of
more than 0.8 (regardless whether it is positive or
negative) have both a grey field in the right column.
Correlation between parameters where one is denoted
by a “X” in the column and the other one is without, is
negative. 

 Saccharose 

 (-) (+) 

density   

ethyl alcohol x x 

fructose   

glucose   

titratable acid   

pH   

volatile acids   

tartaric acid   

malic acid   

glycerol   

exp (fermentation rate)  x 

CO2 production x x 
correlation cluster R > 0.8 
 

  

BASIC CHEMICAL ANALYSIS OF THE WINES AND 
FERMENTATION PARAMETERS

Some basic parameters are physiologically connected 
via anaerobe glycolysis: ethyl alcohol and CO2 are its 
products, glucose and fructose its educts. Thus it is not 
surprising that these parameters belong to the same cor-
relation cluster (Table 1). Pro- and educts are negatively 
correlated whereas the correlation within the products 
is positive as well as within the educts (which is less 
self-evident though the yeasts are glucophilic).
Beside this, density is correlated negatively with ethyl 
alcohol and CO2, but positively with glucose, fructose 
and malic acid. Furthermore in wine from sucrose ad-
ded juice, malic acid and fermentation rate are negati-
vely correlated.
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Fig. 1: Principal component analysis of AFLP data of the genomes of parental strains, hybrids and F1 hybrid offspring using an 
ANN. The first three principal components are shown, the third one is imaginable by the different size of the symbols. Arrows reflect 
the genealogy. Parental strains and hybrids, respectively, are connected to each other by a triangle to simplify comparison with 
Figure 2 and Figure 3 (tree presentation of genetic similarity turned out not to be useful for comparison of AFLP data and the ones 
of aroma constituents and basic chemical parameters). For a more conventional tree representation of the AFLP data see Figure 1 of 
Lopandic et al. (2016).

Table 2: Relative metabolic power (rMP) of the yeast strains.
Hybrids are marked with “H”, the F1 segregant pairs 
with “1” or “2”, respectively. 

Yeast strains 

Sucrose 

(-) (+) 

cerevisiae -0.33 -0.12

kudriavzevii -0.54 -0.56

uvarum -0.30 -0.33

kudriavzevii x uvarum H 0.37 0.07

kudriavzevii x uvarum 1a -0.38 -0.33

kudriavzevii x uvarum 1b -0.28 -0.29

kudriavzevii x uvarum 2a 0.17 -0.05

kudriavzevii x uvarum 2b 0.18 -0.06

cerevisiae x uvarum H 0.35 0.38

cerevisiae x uvarum 1a 0.33 0.23

cerevisiae x uvarum 1b 0.39 0.19

cerevisiae x uvarum 2a -0.06 -0.22

cerevisiae x uvarum 2b -0.09 -0.12

cerevisiae x kudriavzevii H 0.29 0.09

cerevisiae x kudriavzevii 1a 0.13 0.12

cerevisiae x kudriavzevii 1b 0.02 -0.16

cerevisiae x kudriavzevii 2a -0.29 -0.31

cerevisiae x kudriavzevii 2b -0.24 -0.13
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Table  3: Aroma constituents used in this paper to characterize the wine samples, their isolated odour impression and 
correlation. Correlation analysis was made separately for unmodified must (-) and must with sucrose added (+). Two 
parameters that correlate with a coefficient of more than 0.8 have both a grey field in the relevant column. No 
negative correlations with an absolute value > 0.8 were detected. 

correlation cluster R>0,8

ethyl butyrate
ethyl hexanoate
ethyl octanoate
ethyl decanoate
ethyl 9-decenoate
ethyl dodecanoate
ethyl tetradecanoate
ethyl hexadecanoate
isobutanol
n-butanol
iso pentanol
n-hexanol
2-phenylethanol
hexyl acetate
3-hexen-1-ol,acetate cis/trans I
3-hexen-1-ol,acetate cis/trans II
3-hexen-1-ol
ß damascenone
2-phenylethyl-acetate
methyl octanoate
nonanal
decanal
furfural
linalool
p-menth-1-en-8-ol
isoamyl octanoate
hexyl octanoate
isoamyl decanoate
isoamyl laurate
iso terpineol
trans-2-pinanol
isoamyl acetate

odour

fruity, fragrant, sweet, ethereal, banana-pineapple
powerful, mild wine-like, apple, banana, brandy 
pineapple-like
nuts-like and brandy-like, oily, fruity, grape
fruity type, pleasant sweet 
waxy type, fatty, fruity, taste
waxy type
waxy type 
sweet, musty
strong alcoholic
alcohol and cheese
freshly mown grass,  fresh, oily, slightly fruity, caprylic, fermented note 
odour of rose
sweet, fruity, pear-like
green type
green type
odour of freshly cut green grass
floral, aroma of roses
sweet, fruity, rose, honey
powerful, winey, fruity, orange-like
fatty-floral-rose, waxy odor; citrus taste in dilution 
strong, penetrating, sweet, orange peel odour; citrus taste 
odour of almonds
sweet, floral, petitgrain-like
pleasant odour similar to lilac
sweet, wine-like
fresh vegetable, slightly green
fruity
waxy type odour, very faint, oily, fatty odor
lilac, apple blossom with a fresh lime, pine,
herbal type, pine type
strong odour (similar to juicy fruit, a foam banana sweet or a pear drop)

1 2 3 4 5 6 1 2 3

Saccharose
(-) (+)

Does the pattern of metabolic similarity – determined 
by the parameters listed in Table 1 – resemble those of 
the AFLP genetic similarity shown in Figure 1? To find 
out we used the same multivariate statistic method that 
was performed to create Figure 1: principal component 
analysis where the first three principal components are 
presented.
As can be seen from Figure 2, this is not the case. The 
hybridisation circle does not occur with these data, mo-
nospecies parental strains and hybrids are widely sepa-
rated by PC1 instead, especially in the case of wine from 
juice without added sucrose. The F1 offspring generally 
lies between parental strains and hybrids. In most cases 
the yeast pair of genetically identical segregants behaves 

similar during fermentation. However, one of the S.k. x 
S.u. pairs of hybrid offspring depicts an important diffe-
rence concerning the analyzed parameters in the wine 
from pure juice. This indicates that during fermentation 
evolution with a relevant influence of randomness oc-
curred.
Which factor separates parental strains and hybrids? We 
supposed that relative metabolic power (rMP) makes 
the difference. Hence we designed an equation to com-
pute it using the information included in Table 1. For 
calculation of rMP we used minimum-maximum scaled 
parameters (in the following equation indexed with an 
's') with values between zero and one:
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rental strains, all hybrids have a high metabolic strength. 
In juice with sucrose added, the S.c. x S.u. hybrid is espe-
cially outstanding, whereas with untreated 'Grüner Velt-
liner' juice there is no pronounced difference.
In each of the three hybridisation groups, one pair of 
the segregants is of relatively high metabolic power, 
the other one not. In Figure 2, the pairs of F1 hybrid 
offspring with high metabolic strength lie around the 
hybrids, the other ones are nearer to the parental yeast 
strains, separated mainly by PC1. In untreated juice one 
of the segregant strains of S.c. x S.u. has even a bit more 
metabolic power than the hybrid (S.c. x S.u. 1b). The 
great distance of the two yeasts of one of the two pairs of 
S.k. x S.u. segregants, depicted in Figure 2 for untreated 
juice, concerns PC2 and thus – as we shall see – is not a 
consequence of high differences in metabolic power (for 
PC2 e. g. distinctions in the ratio of glucose to fructose 
usage are important).

Table 4: Relative metabolic power in aroma constituent
production of the yeast strains. Hybrids are marked
with “H”, the F1 segregant pairs with “1” or “2”,
respectively.  

Yeast strains  
 Sucrose 

 (-) (+) 

cerevisiae 0.11 0.18 

kudriavzevii 0.12 0.11 

uvarum 0.18 0.42 

kudriavzevii x uvarum H 0.62 0.52 

kudriavzevii x uvarum 1a 0.27 0.17 

kudriavzevii x uvarum 1b 0.24 0.23 

kudriavzevii x uvarum 2a 0.45 0.20 

kudriavzevii x uvarum 2b 0.43 0.24 

cerevisiae x uvarum H 0.38 0.66 

cerevisiae x uvarum 1a 0.42 0.51 

cerevisiae x uvarum 1b 0.49 0.34 

cerevisiae x uvarum 2a 0.19 0.14 

cerevisiae x uvarum 2b 0.17 0.20 

cerevisiae x kudriavzevii H 0.46 0.21 

cerevisiae x kudriavzevii 1a 0.29 0.29 

cerevisiae x kudriavzevii 1b 0.39 0.17 

cerevisiae x kudriavzevii 2a 0.11 0.09 

cerevisiae x kudriavzevii 2b 0.21 0.14 

 

(1) rMP = [ethyl alcohols + fermentation rates +  
 CO2 productions - (densitys + fructoses +  
 glucoses + malic acids)] / 7,

where, for instance, the fructoses of a special yeast is gi-
ven by:

(2) fructoses,yeast = (fructoseyeast - fructosemin) /  
 (fructosemax - fructosemin).

rMP always lies between -1 and +1.

The relative metabolic power of the parental yeast 
strains is low, especially the one of S. kudriavzevii (-0.54 
and -0.56, respectively). In untreated juice S. cerevisiae 
and S. uvarum are of similar quality whereas in treated 
one S. cerevisiae does better relatively. In contrast to pa-
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(3) PC1 = 0.37702 * density - 0.376621 * ethyl  
 alcohol + 0.379913 * fructose + 0.353675 *  
glucose + 0.16584 * titratable acid - 0.0950516 * pH + 
0.206915 * volatile acids + 0.130502 * tartaric acid + 
0.350971 * malic acid - 0.0923039 * glycerol - 0.285122 
* fermentation rate - 0.370425 * CO2 production.

This becomes even more pronounced if we perform a 
factor analysis instead:

(4) CF1 = 0.982504 * density - 0.981462 * ethyl 
alcohol + 0.990042 * fructose + 0.921667 * glucose + 
0.432174 * titratable acid - 0.247702 * pH + 0.539216 * 
volatile acids + 0.340084 * tartaric acid + 0.91462 * ma-
lic acid - 0.240541 * glycerol - 0.743021 * fermentation 
rate - 0.965317 * CO2 production

Our initial question concerning the reason why meta-
bolic (Fig. 2) and genomic (Fig. 1) similarity are diffe-
rent thus has found a simple explanation. Hybrids can 
use more metabolic pathways and maybe produce even 
more enzymes and to a higher quantity. This can be an 
advantage in spirit and especially wine production since 
fast and continuous fermentation is desired as well as 
high alcohol concentrations, although, for instance, a 
too high fermentation rate may make expensive medium 
cooling necessary. Hybrids may achieve more metabolic 
flexibility too.
To proof that rMP is the main factor that separates pa-
rental yeast strains in Figure 2 we may compare equation 
1 with the equation of the first principal component for 
untreated juice:

 
 
 

S. cerevisiae
S. kudriavzevii
S. uvarum+

Parental species
Sc x Su Hybrid
Sc x Sk Hybrid

Su x Sk Hybrid+X+X

Hybrids

x
Sc x Su Segregant
Sc x Sk Segregant

Su x Sk Segregant

Segregants

a b

 
Fig. 2: Principal component analysis of basic chemical and fermentation parameters of the wines created by parental strains, hybrids 
and F1 hybrid offspring. a: Wine from must without sucrose added; b: Wine from must with sucrose added. The first three principal 
components are shown, the third one is imaginable by the different size of the symbols. Together they account for 86.6 % (untreated 
must) and 85.7 % (treated must), respectively, of the variability in the original data. Segregants that were genetically 
indistinguishable before fermentation are connected by an ellipse.
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Not all aroma compounds are of the same relevance and 
they are not independent of each other.
Gangl et al. (2009) concluded that, on average, hyb-
rid yeast strains produce higher concentrations of aro-
ma constituents than reference strains. Bellon et al. 
(2011) found that hybrid yeast strains produce wines 
with concentrations of aromatic products that are dif-
ferent to what is detected in wine made of commercial 
wine yeast parents.
Here 32 aroma components of 36 wines were deter-
mined as listed in Table 3.
According to a correlation analysis (Table 3) the consti-
tuents do not behave independently but concentrations 
differ between wines in a coherent way. More correlati-
on clusters exist in untreated juice and thus the aromatic 
diversity – and likely the one of the flavour – is higher 
in this medium. There are no negative correlations at 

All basic parameters used in eq. 1 have a significant hig-
her multiplication factor (weight) in eq. 3 (and 4, res-
pectively) than the ones that are not utilized and the si-
gns are the same if we multiply one of the equations with 
minus one. The same is true for the equation of the first 
principal component and first common factor for trea-
ted juice (not shown), although the pH has a relatively 
higher weight in that case.

ANALYSIS OF THE AROMA COMPOUNDS OF THE 
WINES

The different production of aroma-determining com-
pounds is a very important distinction between yeasts, 
since it is significant for flavour and taste of the resulting 
wine. Flavour is a composite impression and thus it is 
not easy to attribute it to the single aroma constituents. 

 
 
 

S. cerevisiae
S. kudriavzevii
S. uvarum+

Parental species
Sc x Su Hybrid
Sc x Sk Hybrid

Su x Sk Hybrid+X+X

Hybrids

x
Sc x Su Segregant
Sc x Sk Segregant

Su x Sk Segregant

Segregants

a b

 
 Fig. 3: Principal component analysis of the aroma constituents of the wines created by parental strains, hybrids and F1 hybrid 

offspring. a: Wine from must without sucrose added; b: Wine from must with sucrose added. The first three principal components 
are shown, the third one is imaginable by the different size of the symbols. Together they account for 68.9 % (untreated must) and 
70.0 % (treated must), respectively, of the variability in the original data. Segregants that were genetically indistinguishable before 
fermentation are connected by an ellipse.
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Fig. 4: Aromagram of wine from untreated and treated must. The rows represent 'Grüner Veltliner' wines fermented by different yeast 
strains, the columns single aroma constituents. The data (SIM areas that are proportional to the concentrations) are column-wise 
minimum-maximum scaled, where minimum is a white circle and maximum a black one. Scaling was done separately for treated and 
untreated must.
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higher absolute values and hence more or less all aroma 
constituents are products of yeast activity.
Once again the (naïve) prime question is whether the 
aroma pattern similarity resembles those of the genetic 
one (Fig. 1 and Fig. 3).
Just as for the basic chemical and fermentation para-
meters this is not the case. Instead, Figure 3 somewhat 
resembles Figure 2, indicating a common cause. Aroma 
composition of wines created by parental yeast strains 
and their hybrids are very different, especially if pro-
duced with untreated juice. Some of the yeasts that be-
long to the same segregant pair develop very different 
aroma compositions although they were originally ge-
netically very similar. Especially in untreated juice ran-
dom-influenced evolution may have occurred in one 
pair of S.c. x S.u. and S.u. x S.k., respectively. In treated 
juice aroma compositions are not as different (Table 3) 
and thus hybrids and parental strains are closer together 
in Figure 3. Nevertheless the aroma profiles of the hyb-
rids are not similar to each other.
Since nearly all aroma constituents are positively cor-
related, the relative metabolic power of the yeasts con-
cerning aroma production can be computed simply as 
the sum of all minimum-maximum scaled values of the 
single ion mode (SIM) areas of the aroma components 
(Table 4).
In wine of untreated juice the parental species produce 
relatively small amounts of aroma components. The hy-
brids do much better and surprisingly it is not the S.c. x 
S.u. hybrid that produces most, but the S.k. x S.u. one. 
Furthermore in the S.c. x S.u. group it is not the hybrid 
that produces most of the aroma constituents, but one 
of the segregant pairs. One of the F1 hybrid offspring 
pairs of S.k. x S.u. also has a very high relative metabo-
lic power concerning aroma production. This result is 
resembled exactly by PC1 in Figure 3. Hybrids are not 
simple intermediates of their parental strains and segre-
gants are very manifold.
In wine of treated juice the S. uvarum strain is ahead of 
the other parental yeast strains and only hybrids whe-
re this strain is one of the parents do even better. Most 
segregants clearly lie behind, but S.c. x S.u. 1a is a very 
effective producer of aroma constituents. The difference 

to S.c. x S.u. 1b is great so that we can assume that some 
kind of evolution has taken place during fermentation.
Differences between the wines can be seen in more de-
tail in Figure 4.
In untreated juice the S. cerevisiae parental strain pro-
duces relatively high amounts of ß-damascenone, an 
acetone with the odour of roses. The S. kudriavzevii 
strain produces more p-menth-1-en-8-ol than others, a 
constituent that has a pleasant, lilac like smell. S. uva-
rum creates terpenes like linalool in higher than avera-
ge amounts, a compound with sweet, floral odour and 
iso-terpineol with lilac flavour. Hybrids – and some of 
the segregants, too, especially the one with S. uvarum 
parent, S.k. x S.u. 2a and 2b and S.c. x S.u. 1a and 1b – are 
superior to the parental yeast strains and produce high 
levels of many esters, alcohols, aldehydes, ketones and 
terpenes and thus create very complex odours.
In treated juice the aroma composition of parental 
strains in comparison to hybrids remain very different 
(Fig. 4), although now S. cerevisiae and S. uvarum have 
a wider spectrum of constituents with high level pro-
duction. The hybrids with an S. uvarum parent both 
produce high constituent concentrations but in a very 
different pattern. The S.c. x S.u. hybrid produces mainly 
ethyl esters and alcohols, the S.k. x S.u. hybrid prefers 
– beside some alcohols – ketones and esters which the 
former does not produce in high amounts. The S.c. x S.k. 
hybrid generates relatively low concentrations of most 
constituents and thus differs completely from the other 
hybrids. Only the aldehydes nonanal and decanal with 
strong and fatty odours are produced in comparably 
very high concentrations by S.c. x S.k. 2b in both ana-
lyzed media. In treated juice the S.c. x S.u. 1a F1 hybrid 
offspring seems more favourably with high production 
of some ethyl esters, ethyl butyrate and ethyl hexanoa-
te, the alcohol n-hexanol and the terpenes iso-terpineol 
and trans-2-pinanol since all these constituents have a 
fresh or fruity note.
Antonelli et al. (1999) and Di Stefano et al. (1981) 
observed that a high concentration of the aroma com-
ponent 2-phenylethanol (with a rose or honey smell) is 
characteristic for S. bayanus and S. uvarum. Gangl et al. 
(2009) confirmed this observation. However, in our stu-
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dy 2-phenylethanol concentration is not especially high 
in the wine created by S. uvarum parental strain, but in 
the hybrids with an S. uvarum parent and some of its se-
gregants. This is contrary to Gangl et al. (2009), who 
found low concentrations of 2-phenylethanol in hybrid 
produced 'Muskat Ottonell' and 'Blauburger' wines.
The same situation can be observed with 2-phe-
enylethyl-acetate (sweet, fruity, rose, honey aroma), a 
compound, Gangl et al. (2009) found typically in high 
concentration in S. uvarum wines. In our study this com-
ponent appears in high concentrations in the S. uvarum 
hybrids and to a lesser degree in some of their segre-
gants.
In the present study we have shown that artificial hyb-
rids of S. cerevisiae, S. uvarum and S. kudriavzevii strains 
that were not specially adapted to spirit production have 
nevertheless promising properties for the generation of 
high quality wine: relatively good glucose and fructose 
utilization even under high-alcohol conditions, high fer-
mentation rates and generally a pronounced metabolic 

power. Especially the latter influences aroma constitu-
ent production during fermentation of low- and high-os-
motic stress grape juice. In dependence of osmotic stress 
aroma profiles are very different but hybrids outperform 
their parental yeast strains under both conditions. The 
same is valid for some of the F1 hybrid offspring. There 
are direct  and indirect hints that these segregants evolve 
rapidly during fermentation and some of them reach a 
high quality level concerning juice fermentation. 
(Lopandic et al. 2016)
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Appendix 1: Dice’s similarity of yeasts using the binary AFLP data 
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