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Abstract.  Analyzing the influence of different yeast species on several compounds with enological interest, it becomes possible 
to identify metabolic determinants of the incidence of yeasts on wine quality. Contrary to Saccharomyces cerevisiae, understand-
ing genetic regulation, enzymatic properties and physiology of non-Saccharomyces species in enological conditions is far from 
being known. Because of this, the commercialization of industrial non-Saccharomyces strains on wine industry is showing a 
really slow pace. In order to determine the enzymatic properties of wine-related yeast species it is necessary to evaluate hundreds 
of yeast isolates enabling us to robustly attribute specific enzymatic activities to a specific group of yeast species. The contri-
bution of yeasts to wine flavour is greatly determined by their impact on aromatic compounds release. Different glycosidases, 
β-lyase, pectinase, cellulase and protease activities are described as responsible for changes in wine composition, so determining 
inter- and intraspecific variability in these enzymatic properties in yeast species seems to be a useful tool for innovative yeast 
selection process. With the aim of relating enzymatic activities with a specific impact in wine properties we developed combined 
fermentations with non-Saccharomyces selected strains and industrial S. cerevisiae strains. The use of rational metabolomic 
analysis allows us to explain the physiology of non-Saccharomyces yeasts during wine fermentation and its incidence on wine 
quality.

1.  Introduction
New analytical methodologies have revolutionized 
research on wine microbiology through the develop-
ment of metabolic studies that allow us to understand the 
physiology of new yeast strains. During the past decades, 
most yeast distribution companies invested their efforts 
and high amounts of money in the isolation and charac-
terization of different and innovative S. cerevisiae strains. 
This fact has enabled winemakers to elaborate their own 
genuine wines, flexibly adapted to cellar environments 
and product styles.

Nowadays, winemaking trends are laid down by the 
likes of consumers, increasingly demanding in terms of 
sensorial quality and food safety. In this context, the abil-
ity to adapt quickly to changes in consumer’s tastes or 
even anticipate them, seems to be the key to success for 
the future of enology industry.

Viticulture has manned much of the work in offering a 
great variety of wines, having nearly 326 red grape varie-
ties and 323 white varieties with their respective selected 
clones. This variety is now appreciated and known by con-
sumers, so it is time to establish a new change that must 
happen inside the cellar, through an exhaustive knowledge 
of the entire fermentation process and the possibilities of 
flavour modulation that it offers.

The targets of enological microbiology can be chan-
neled by three different focuses: sensitive, technological 

and fermentative properties of the microbial strains. 
Enzymatic properties of different microorganisms involved 
in winemaking process (bacteria and yeasts, mainly) have 
been studied for a long time [1], but yeasts have featured 
this applied research line as the main microorganism 
responsible of the alcoholic fermentation process [2–5].

Many research groups are currently studying non-
Saccharomyces yeasts [3,6–10] due to their unique physi-
ological properties, which may be useful in innovative 
winemaking. The presence of non-Saccharomyces wild 
yeasts in fermentations has been associated, tradition-
ally, with high levels of acetic acid and other off-flavours. 
Nevertheless, nowadays researchers and winemakers are 
aware of the influence of non-Saccharomyces in wine 
aroma complexity [11–20].

The difficulty of non-Saccharomyces wine yeast to fin-
ish the alcoholic fermentation requires the development of 
combined or multistarter fermentation with S. cerevisiae 
as a binding partner. Some enzymatic properties (glycosi-
dases, β-lyase, etc.) and the release of some interesting 
metabolites such as glycerol, mannoproteins and other 
aromatic compounds justify the interest in these combined 
fermentations [21,22]. Such fermentations are a very use-
ful tool to improve wine productions in which aromatic 
complexity of spontaneous fermentations and the safety of 
industrial targeted fermentations are joined [19,21].

The scientific efforts to understand the metabolism 
of non-Saccharomyces wine yeasts allow to avoid the 
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exclusively empirical knowledge about the influence of 
these yeasts in wine composition and flavour.

The use of metabolomics in wine fermentations ena-
bles to describe the physiology of different yeast strains 
and to determine its influence on wine quality. This is an 
interesting operating mode but usually offers biased infor-
mation as a function of fermentation conditions (grape 
variety, fermentation temperature, etc.). The study of the 
enzyme potential of yeasts, studied at a genetic or enzy-
matic level in vitro, turns this perspective allowing the tar-
geted use of yeasts with specific enzyme activities for the 
study of their direct influence on the release of aromatic 
compounds.

The aim of this work is to develop an enzymatic 
study in a large collection of yeasts that will allow us to 
understand the variety and richness in hydrolytic enzymes 
directly derived from the grape must yeast population. 
This basic knowledge is then applied to prove the reper-
cussion of these enzymes and therefore of the yeast strains 
on the wine composition through the release of aromatics, 
phenolics and other colour compounds.

In order to bridge the gap between the laboratory and 
the industry scale, promising results with microvinifi-
cations should be tested at an industrial scale. This fact 
is one of the bottlenecks of the translational research in 
applied microbiology due to the influence of the scale 
on yeast gene expression and, in consequence, on yeast 
physiology [23].

This work has been divided into 5 items: a) Isolation 
of a great variety of yeast strains from different vineyards; 
b) Molecular identification of the isolated yeast strains; c) 
Characterization of their enzymatic properties (glycosi-
dases, β-lyase, pectinases, protease, etc.); d) Study, at a 
laboratory scale (microvinifications), of the enological 
properties of the selected yeast strains; e) Development 
of industrial fermentations with successful yeast strains to 
validate their industrial applicability.

2.  The importance of a proper isolation 
process
Grape must enables the growth of several microorgan-
isms, specially yeasts and fungi. Current taxonomies  
recognize 149 yeast genera comprising nearly 1500 spe-
cies [24]. Of these, more than 40 species have been 
isolated from grape must [3,21] but not all of them are 
welcome to the fermentation process. It should be noted 
that some yeast species found in grapes and must, like 
Aureobasidium pullulans or Cryptococcus amylolentus, 
are enzymatically interesting showing a wide range and 
intensity of hydrolytic activities but have a low incidence 
on fermentation development. A. pullulans dominates the 
microbial consortia of grape [25,26], however, its null 
fermentative power and its low adaptation to fermenta-
tive environment bias their contribution to the fermenta-
tion process, making their interest in winemaking scarce 
[27]. There is a simple method to minimize the isola-
tion of this yeast-like fungus by keeping the fresh grape 
must refrigerated overnight in order to greatly reduce the 
Aureobasidium population.

After this, the use of a selective medium for non- 
Saccharomyces is required in order to avoid the isolation 

of S. cerevisiae strains. S. cerevisiae is not the most abun-
dant species in fresh grape must [28], but depending on 
the origin, significant amounts of S. cerevisiae strains can 
be found [29]. The use of “lysine medium” containing 
lysine as the only nitrogen source inhibits the growth of  
S. cerevisiae, which is unable to use lysine as only nitrogen 
source [30].

3.  Population study. Rational use of 
genomic technology
There is a growing trend in the use of “omic” technologies 
for the holistic approach of population studies. Classical 
molecular technics like t-RFLP [31,32] or DGGE [25], 
genomic approaches [28,33,34] and metagenomic tools 
[26,35] are culture independent techniques, but we can-
not forget the importance of microorganism cultures for 
their further study and industrial usage. Knowledge about 
the vineyard and fermentation microbiomes are growing 
notably in recent years [26,35,36], so now we have quite 
enough information about yeast abundance and distribu-
tion in both grapes and fermentations. However, informa-
tion about comparative genomics of different yeast strains 
is scarce, even more in the case of non-Saccharomyces 
species.

The lack of genomic information about most wine-
related yeast species, apart from S. cerevisiae [37], entails 
the difficulty of the application of molecular technics to 
glimpsing the relative abundance of interesting enzymes 
through the detection, characterization and quantifica-
tion of their correspondent genes. Maybe, the coordinated 
development of knowledge about enzymatic properties and 
genomics of wine yeast species will allow for the develop-
ment of “comparative metagenomics” to change the focus 
of classical phylogenetic studies.

In this study, due to its applied objective, a mixed 
approach was adopted in order to have population 
data but keeping a wide collection of yeasts for further 
characterization.

After isolation and freezing (–80ºC), all yeast isolates 
were identified by sequence analysis of the 26S large subu-
nit rRNA gene [38].

Figure 1 shows that, according to several popula-
tion studies on grape and must microbiome [4,15,31], 
Hanseniaspora uvarum was the most abundant non-
Saccharomyces yeast found in must, being around a 50% 
of the total. Its low fermentative power causes the rapid 
decrease of H. uvarum during the early stages of wine 
fermentation, so besides its low production of hydrolytic 
enzymes, its influence on final wine composition is not 
significant.

The next most abundant species, Metschnikowia  
pulcherrima and Kluyveromyces thermotolerans, reach 
12% of the total yeast population each. Scientific works 
about these two species are abundant [7,39–42], being 
the most common non-Saccharomyces species commer-
cially available for wine industry besides Torulaspora del-
brueckii strains [10,43,44]. T. delbrueckii showed a low 
implantation rate in fresh must but, due to its high fermen-
tation power and ethanol tolerance (9–11%), it is one of 
the non-Saccharomyces yeasts with higher incidence on 
wine properties and quality.
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Despite the cautions adopted during the isolation pro-
cess regarding A. pullulans isolates, the percentage of 
this species reaches 4% of the total. However, later enzy-
matic analysis revealed some interesting properties of this 
species.

It should be noted that within Hanseniaspora and 
Metschnikowia genera, three different species can be iden-
tified, respectively (Fig. 1). Their phylogenetic proxim-
ity causes that several metabolic parameters are shared 

between species on the same genus but, as we can see in 
our enzymatic assays, each one of them shows different 
enzymatic profiles.

4.  Enzymatic study. Foreseeing the 
repercussion of yeasts on wine quality
One of the most recognized advantages of the use of non-
Saccharomyces as an inoculum for wine fermentation is 
the production of a great variety of hydrolytic enzymes. 
This contributes widely to wine complexity complement-
ing the incidence of S. cerevisiae in aromatic compounds 
release [21].

The importance of terpenes in some wines is well 
known, being the main aromatic descriptors of Vitis 
vinifera var. Muscat, Riesling or Albariño [45]. Grape 
varieties contain small amounts of free terpenes but  
in all cases a notably proportion of the total are con-
jugated to sugar residues forming glycoconjugated  
compounds [46].

Terpene glycosides can be hydrolyzed in an enzy-
matic way by the action of glycosidases [47]. The enzymatic 
hydrolysis of glycosides requires the sequential action of two 
enzymes in two separate steps: firstly, β-D-xylosidase, α-L-
arabinofuranosidase, α-L-rhamnosidase or β-D-apiosidase 
cleavage the terminal sugar releasing xylose, arabinose, 
rhamnose or apiose. Then, liberation of monoterpenol 
from the free β-glucoside takes place after action of a β-D-
glucosidase (Fig. 2).

Figure 1. Composition of yeast population comprising the 
analyzed collection.

Figure 2. Enzymatic release of terpenes and thiols in wines.
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Although some S. cerevisiae strains have certain 
glycosidases, such as xylosidase, most of them have no 
β-D-glucosidase activity [48,49], which is necessary to 
release the terpene from its glucoside. In this context, 
non-Saccharomyces yeasts can provide β-D-glucosidase 
enzymes to complete the aroma release. Most of non-
Saccharomyces yeasts have this activity, in addition to 
high levels of β-D-xylosidase, α-L-arabinofuranosidase, 
α-L-rhamnosidase or β-D-apiosidase, so their use seems 
to be an adequate tool for the aromatic enhancement in 
terpenic grape varieties and also for aroma release in neu-
tral varieties.

In this study, most of Hanseniaspora uvarum strains 
showed a great β-D-glucosidase activity, according to pre-
vious works where H. uvarum was confirmed to be able 
to release terpenols in wine [50,51]. Our experiments  
also showed that in vitro M. puclherrima has a notable  
β-D-glucosidase, which was deployed in all isolated strains  
and, again, its applicability in terpene release during wine 
fermentation has been proved [51].

Some industrial M. pulcherrima strains are described 
as useful for aromatic enhancement of wines due to their 
α-L-arabinofuranosidase activity [4], but this activity is 
really limited to a few strains. However, β-D-xylosidase 
was highly present in most M. pulcherrima isolated strains 
in this work.

Volatile thiols are aromatic compounds of par-
ticular importance to the varietal character, imparting 
passionfruit, grapefruit, box tree aroma at appropri-
ate concentrations. 4-mercapto-4-methylpentan-2-one 
(4MMP), 3-mercaptohexan-1-ol (3MH) and 3-mercap-
tohexyl acetate (3MHA) are the aromatic thiols found 
in wines, being the main descriptors of grape varieties 
such as Sauvignon blanc or Verdejo [52]. The low sen-
sory threshold of these compounds makes them one of 
the main objectives in wine improvement through aro-
matic compounds release [53]. These volatile thiols are 
virtually non-existent in grape juice and only released 
during fermentation. Certain S. cerevisiae strains are 
able to release these thiols from their conjugated form 
(cysteinylated or glutathionylated precursors) due to 
their β-lyase activity (Fig. 2). 4MMP and 3MH are 
formed from grape-derived non-volatile conjugates 
and yeasts are simply involved in the cleaving of the 
thiol from the precursor. Nevertheless, even the best  
S. cerevisiae producer rarely transforms more than 5% 
of the cysteinylated precursor (the most abundant conju-
gated form in must) initially contained in the must into  
thiols [54].

This limitation justifies searching for alternative yeast 
species able to release higher amounts of these thiols.

Our enzymatic screening and, also our later vinifica-
tion assays, suggest that T. delbrueckii are one of the most 
efficient species regarding β-lyase activity, in both, in vitro 
and fermentation assays showing that most strains have 
a great capability for thiol release from its cysteinylated 
precursor.

These latter two activities (glycosidases and β-lyase) 
are directly related with aroma release. However, other 
enzymatic activities with other enological applications 
that have been long-time used in industry (presented as 

enzymatic preparations of fungal origin) can be found in 
different yeast species.

Pectinolytic enzymes are widely used in enology 
helping to the degradation of polysaccharides compris-
ing the vegetal wall of grape’s skin and pulp (Fig. 3). 
They can help to improve clarification and filterabil-
ity processes, releasing more colour and flavour com-
pounds entrapped in the grape skin and facilitating the 
liberation of phenolic compounds [1]. Traditionally, 
commercial pectinases used in winemaking comprise 
the mixtures of polygalacturonase, pectate lyase and 
pectin methylesterase enzymes [55]. Of these, two 
types of polygalacturonases, endo- and exopolygalactu-
ronase, are mainly responsible for pectinolytic activity 
and hence are enzymes of particular importance to the 
industries [56].

Our results showed that polygalacturonase enzymes 
are scarce on wine yeasts species. Noting that some  
S. cerevisiae strains has polygalacturonase, most of 
them have no activity or are not efficient enough in 
fermentation conditions to avoid clarification and fil-
tration problems [2]. Only A. pullulans and some spe-
cies of the genus Metschnikowia (M. pulcherrima and  
M. fruticola) showed polygalacturonase activity in vitro 
and our fermentation assays suggest that only the activ-
ity of M. pulcherrima can be considered for its applica-
tion in industry.

The effect of temperature on the efficiency of pectino-
lytic activity has been studied (data not shown) suggest-
ing that pre-fermentative cold soak is a great method to 
enhance the incidence of these enzymes on wine composi-
tion and quality.

In the same way, cellulase enzymes work on the 
improvement of maceration and filterability processes. 
This enzymatic activity is rarely found in yeasts, only 
showed by A. pullulans strains. At the moment and, based 
on our results, yeasts cannot be considered as a source of 
cellulases for enological application.

Finally, we analyzed the presence of protease enzymes 
in our yeast collection, concluding that this activity is 
absent in S. cerevisiae and also in other species like  
T. delbrueckii, Metschnikowia viticola, Lachancea ther-
motolerans, Zygosaccharomyces bailii and Cryptococcus 
amylolentus being widely present in the other studied 
yeast species.

The use of proteases in winemaking is not a really 
extended practice at the moment, being more frequent the 
use of bentonite to solve protein haze problems. The use of 
bentonite usually causes an impoverishment of sensorial 
properties of wines, so the use of proteases for this objec-
tive seems to be a future real solution [57].

Figure 3. Enzymatic degradation of pectic polysaccharydes 
(polygalacturonic acid) from grape skin and pulp.
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5.  Microvinifications: A model medium 
for physiological studies of wine yeasts 
depending on the approval of industrial 
scale
5.1.  The influence of Torulaspora delbrueckii on 
wine composition and quality
T. delbrueckii is, at present, the most applied non-Saccha-
romyces yeast in the wine industry. Most of yeast distribu-
tion companies have developed T. delbrueckii strains and 
work, together with researchers, in the gain of knowledge 
about their physiology and genetic and metabolic regula-
tion in fermentation conditions [10,43,44,58,59].

In the present study, the physiology of T. delbrueckii 
during red wine fermentations in both, sequential and 
simultaneous inoculation with S. cerevisiae CT007 
(Agrovin S.A.), was analyzed. First of all, the implantation 
rate of the studied strain (T. delbrueckii NS-TD, Agrovin 
S.A.) was notable. It was detected during the first three 
quarters of the process, when it was used by sequential 
inoculation (17 days of a total of 22 days of fermentation) 
and during the first half of the fermentation with simulta-
neous inoculation (7 days of a total of 14) at a microvini-
fication scale. In the case of industrial fermentation, the 
delay detected in the fermentation process in the sequential 
inoculation was lower than in laboratory assays, detecting 
a slight delay at the start of fermentation, but no significant 
differences in finishing the fermentation.

The most noteworthy aspects of the impact of  
T. delbrueckii on wine composition are its repercussion on 
wine quality due to its incidence on the ethanol concen-
tration that is slightly reduced, the release of higher lev-
els of glycerol and pyruvic acid and the fewer amounts of 
higher alcohols released. It is also worth mentioning the  
repercussion of T. delbrueckii on the structure of wines, 
which has been explained by its large release of manno-
proteins (Fig. 4).

Because of this, a better mouthfeel structure of sequen-
tial fermentations that significantly contributed to the 

higher overall score was obtained in the sensorial analysis 
of these wines (Fig. 5). In addition, a higher perception in 
sweetness was detected, probably due to the malic acidity 
consumed by T. delbrueckii, but also influenced by higher 
levels of mannoproteins in wines.

5.2.  Application of selected M. pulcherrima 
strain based on their pectinolytic activity
Apart from T. delbrueckii, M. pulcherrima is one of the 
most commonly used non-Saccharomyces yeasts in enol-
ogy, being, additionally, one of the most widely distrib-
uted yeasts in spontaneous fermentations. The information 
about its physiology in fermentation is lower than in the 
case of T. delbrueckii, but researchers are starting to be 
very interested in its metabolism and its different applica-
bility in wine.

One of the main current focuses of research in  
M. pulcherrima wine strains is to reduce the alcohol content 
of wines because of its lower fermentative efficiency and its 
respiratory metabolism [7,42]. Another point of interest is the 
production of pulcherrimin pigment that causes certain anti-
microbial effect on the other yeast populations, including the 
spoilage yeast Brettanomyces bruxellensis [39]. Apart from 
that, the notable implantation of M. pulcherrima during wine 
fermentation, when it is used in sequential fermentation with 
S. cerevisiae, causes its incidence in volatile compounds of 
wines producing high concentrations of esters [60,61].

Certain yeast species, such as Rhodotorula mucilaginosa, 
have been described as polygalacturonase active in eno-
logical conditions [62]. In the case of this study, the pec-
tinolytic activity of M. puclherrima was analyzed for its 
application in red wine fermentations in order to improve 
some sensorial and technological properties, such as col-
our intensity and turbidity and filterability of wines.

Figure 6 shows that the use of M. pulcherrima in sequen-
tial fermentation with S. cerevisiae causes a significant 

Figure 4. Mannoprotein content of wines fermented at semi-
industrial scale with: S. cerevisiae CT007 (Sc); T. delbrueckii 
NS-TD and S. cerevisiae CT007 by using simultaneous inocula-
tion (SM); sequential inoculation (SQ); and T. delbrueckii NS-TD 
alone (Td). Adapted from Belda et al. (2015) [10].

Figure 5. Taste and olfactory attribute scores for the final wines.: 
S. cerevisiae CT007 (Sc); T. delbrueckii NS-TD and S. cerevisiae 
CT007 by using simultaneous inoculation (SM); sequential 
inoculation (SQ); and T. delbrueckii NS-TD alone (Td). Adapted 
from Belda et al. (2015) [10].
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effect in sensorial parameters such as colour intensity and 
in technological aspects, like turbidity of wines. These 
results, obtained at a semi-industrial scale, (700  kg of  
V. vinifera var. Tempranillo) open a new perspective of 
application of M. pulcherrima strains in winemaking, 
making necessary the optimization of its use by further 
characterization of its pectinolytic activity.

6.  Conclusions
The large distance between the knowledge about  
S. cerevisiae and non-Saccharomyces yeasts as a new 
world for enology is the main responsible of their low 
presence as inoculum in cellar. Winemakers are now open 
to changes in fermentation paradigms but the pillars of this 
change should be firmly established.

Increasing the number of studies and the knowledge 
about the potential repercussion of non-Saccharomyces 
in wine fermentations it is necessary to deep study their 
genetic and metabolic regulation through the variables 
existing on the fermentation process. Furthermore, in 
order to anticipate to market movements and likes, new 
non-Saccharomyces yeast strains apart from the “classics” 
(T. delbrueckii, M. pulcherrima, L. thermotolerans and 
Pichia kluyvery) should be explore.

Microbial richness on vineyard can be directly related 
to enzymatic diversity on fermentation so, viticulture 
practices that contribute to microbial diversity (without 
forgetting the control of spoilage microorganisms) should 
be greatly considered, avoiding aggressive phytosanitary 
practices.

The use of yeasts based on theirs enzymatic properties 
seems to be a useful manner to a targeted use of non-Sac-
charomyces strains in the correct grape variety, achieving 
the desired flavor enhancement.
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