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Abstract: The principal role of wine yeast is to transform efficiently the grape-berries’ sugars to
ethanol, carbon dioxide, and other metabolites, without the production of off-flavors. Wine yeast
strains are able to ferment musts, while other commercial or laboratory strains fail to do so. The genetic
differences that characterize wine yeast strains in contrast to the biological ageing of the veil-forming
yeasts in Sherry wines are poorly understood. Saccharomyces cerevisiae strains frequently exhibit rather
specific phenotypic features needed for adaptation to a special environment, like fortified wines with
ethanol up to 15% (v/v), known as Sherry wines. Factors that affect the correct development of the veil
of flor during ageing are also reviewed, along with the related aspects of wine composition, biofilm
formation processes, and yeast autolysis. This review highlights the importance of yeast ecology and
yeast metabolic reactions in determining Sherry wine quality and the wealth of untapped indigenous
microorganisms co-existing with the veil-forming yeast strains. It covers the complexity of the veil
forming wine yeasts’ genetic features, and the genetic techniques often used in strain selection and
monitoring during fermentation or biological ageing. Finally, the outlook for new insights to protect
and to maintain the microbiota of the Sherry wines will be discussed.
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1. Introduction: The Origin of Sherry Wines

Biological ageing of wines is traditionally carried out in different regions, such as the wines of
Jura (France), Szamorodni and Aszu (Tokaj-Hegyalja, Hungary) or Vernaccia di Oristano (Sardinia,
Italy). However, the best-known biologically aged wines are produced in the Jerez-Xerés-Sherry and
Manzanilla-Sanlicar de Barrameda D.O., in southern Spain [1,2].

The Greek geographer Strabo was the first who talked about Sherry wines, which were brought
to the Jerez Region by the Phoenicians in the 1st Century, B.C. Phoenician ruins had been discovered at
the excavations in Castillo de Doria Blanca (El Puerto de Santa Maria), located just 4 km from Jerez
de la Frontera, where the remains of wine presses had been found. This finding confirmed that the
same people who founded the ancient town of Gades, nowadays Cadiz, brought with them the art
of cultivating the vine and wine making from the far-off lands of the current Lebanon. Since then,
some Phoenicians traders produced wines in the former Xera (Jerez) and exported to Rome [3].

Around the year 138 B.C., the Baetica Region was conquered by the Roman Scipio Aemillianus,
starting a substantial flow of trade between the region and the metropolis. People from this area
exported local products to Rome, such as olive oil, wine from the Ceret region, and Garum (a kind of
marinade sauce made from leftovers of salted fish).

By this time, both Rome and many other parts of the Empire became fascinated by Sherry wines,
formerly called “Vinum Ceretensis”. This had been revealed through different archaeological remains
of amphorae in those places.
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Production of Sherry and Manzanilla wines follows two successive processes: firstly, an alcoholic
fermentation of must by yeasts present on the surface of Vitis vinifera var. Palomino Fino in order to
produce a “young” wine, and then, a biological ageing of this wine occurs by other veil-forming yeasts,
the so-called yeasts of flor [4-6].

Biological ageing, in turn, involves two phases: a static one (‘afiadas’) during which the wine is
kept in a butt for a variable number of years, followed by a dynamic phase known as “criaderas-solera”
or “soleraje”, consisting of a series of oak barrels of sherry in process of maturation divided into a
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varying number of stages. The first phase, when the wine is young and contains about 15% (v/v) of
ethanol, is known as “sobretablas”. The middle phases are called “criaderas”, and the final stage (also
called “solera”) contains the oldest wine; from it, the finished wine is withdrawn, but then the butts
with a capacity of 500 L are only partially emptied, not more than one-third being removed in any one
withdrawal. The transfer of wine from one oak barrel to the next is known as rocio [7]. This is usually
made twice a year, and the complete process takes no less than three years and involves five or six
“criaderas” (with a variable number of barrels). They have a common characteristic of a veil of flor of
up to 1-3 cm thick growing on the free surface of the wine (barrels are only filled up to 5/6 parts of
their total volume) which contains about 15-18% (v/v) of ethanol (Figure 1).

Sobretablas

29 criadera

19 criadera

Solera

Figure 1. The way the solera and criadera system works means that the oldest wines benefit both from
being refreshed (Saca-Rocio) with young wines and from characteristics acquired over years of crianza.

The veil of flor in Sherry wines consists of multicellular aggregates composed, in turn, by yeasts,
bacteria, and fungi, with yeasts being the main microorganisms [4,6,8-12]. Within the different species
of yeasts, Saccharomyces cerevisiae is the most popular species found in the different wines elaborated
under biological ageing. The veil of flor is mainly responsible for the sensory characteristics of Sherry
and Manzanilla wines through its oxidative metabolism; but also, the active consumption of oxygen
and the isolation effect exerted by the yeast layer prevent wine oxidation. Development of veil-forming
yeasts depends not only on a number of ambient factors, but also on the chemical composition of the
wine. Acetaldehyde displays an inhibitory effect on veil formation when its concentration is above
the tolerance threshold. Thus, different properties of industrial interest have been detected, such as
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physiologic, genetic, and metabolic characteristics in the different identified strains, as well as clear
differences using molecular analysis techniques [1,2,13-15].

2. Biodiversity of Flor Biofilm

Certain yeast species have the ability to develop on the surface of substrates that have previously
fermented. To do this, firstly they must convert their enzymatic equipment and adapt it to the
new aerobic conditions. In this stage of aerobiosis, yeasts produce remarkable physicochemical and
organoleptic changes in such substrates. In these wines, special conditions are exerted as a consequence
of the oxidative metabolism of yeasts and the reducing medium created inside, where the dissolved
oxygen is consumed by the veil, and it is prevented by the contribution of new quantities from abroad.
The biological ageing, which is defined as the biochemical transformation that the wine undergoes,
previously headed at 15-15.5 °C, by the addition of certain aerobic veil-forming yeasts of the genus
Saccharomyces at the beginning, according to data and descriptors in the middle of the last century in
Jerez de la Frontera [4,6,8,9].

Wine yeasts have traditionally been identified based on their morphological attributes at macro-
and microscopic levels, as well as on their physiological behavior. In 1963, Rocques, according to
the previous observations of Louis Pasteur, described Mycoderma vini as the yeast species responsible
of the veil formed in the yellow wines (vin jaune) from Arbois (Jura region, France). Since then,
veil-forming yeast taxonomy and the repercussion of the physiology of the different species over
the main components of Sherry wines, have been studied by numerous researchers [1,2,5,6,8,9,15,16].
In the case of flor yeasts, the most commonly analyzed substrates for their differential fermentation and
assimilation capabilities are galactose, dextrose, lactose, maltose, melibiose, raffinose, and sucrose [17].

These conventional methods had firstly shown that veil-forming strains in southern Spain
were composed of four S. cerevisiae races: beticus, montuliensis, cheresiensis and rouxii [1]. Moreover,
other veil-forming yeast species were described such as Saccharomyces hispanica, S. cordubensis and
S. gaditensis [18]. However, these races are not recognized by the last taxonomic study, as we discuss later.

The morphological characteristics are very similar in every species of Saccharomyces cerevisiae,
without being aware of differences that justify a separation between species. However, if we take into
account the physiological characteristics, such as the fermentation sugars mentioned above, they are
very different, which allows differentiation between the species. Flor yeasts also have in common the
use of ethanol as a carbon source, and the requirement of oxygen to restore the viability, and lipid
metabolism to form the veil of flor [19]. However, both morphological and physiological characteristics
may be influenced by culture conditions, and can provide ambiguous results. Thus, classical techniques,
in some cases, can lead to an incorrect classification of species or a misidentification of strains [6].

Referring to yeast species belonging to non-Saccharomyces genera, they have little or no fermentative
power, and they do not have the capacity to survive at ethanol concentrations higher than 15%
v/v. However, several genera and species have been detected in wines at the “sobretablas” stage.
Yeast of the genera Rhodotorula, Candida, Hansenula, and Zygosaccharomyces are the most abundant,
especially the species Wickerhamomyces anomalus, Pichia membranaefaciens, Rhodotorula mucilaginosa,
R. minuta, Zygosaccharomyces bailii, or the undesirable species Dekkera bruxellensis (anamorph
Brettanomyces bruxellensis) [4,6,17].

During the biological ageing of Sherry wines, other microorganisms, such as lactic acid bacteria
of the genera Leuconostoc, Pediococcus, and Lactobacillus, and opportunistic fungi, like Botrytis cinerea,
can coexist with the veil-forming yeast strains mentioned above [12,17,20]. The presence of lactic
acid bacteria, such as Lactobacillus hilgardii, L. plantarum, and L. brevis in Sherry veils is strongly
related to the presence of high concentrations of gluconic acid coming from the filamentous fungi
B. cinerea [12,17,21,22]. The presence of this microbiota, different to yeasts, results in undesirable wines,
and the presence of high concentrations of biogenic amines.
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3. Genetic and Biochemical Characteristics of the Flor Yeasts

According to their ability to ferment and assimilate different substrates, Sherry veil-forming yeasts
have traditionally been divided into four varieties or races belonging to the Saccharomyces cerevisiae
species: beticus, cheresiensis, montuliensis, and rouxii [1]. These biochemical properties were normally
tested using inverted Durham tubes in a liquid medium, which rose out of the tube where fermentation
to occur. However, according to the last taxonomic study [17], the former race montuliensis has been
classified as Torulaspora delbrueckii, while the race rouxii is now catalogued as Zygosaccharomyces rouxii.
On the other hand, all other previously identified races are currently considered as S. cerevisiae
synonyms, based on their nuclear DNA similarity.

The development of molecular biology has given rise to a considerable number of techniques for
yeast identification based on their genetic information. These include electrophoretic karyotyping,
RFLP (restriction fragment length polymorphism) of mitochondrial DNA, random amplified
polymorphic DNA analysis (RAPD), ribosomal internal transcribed spacers (ITS-PCR) or studies
of simple sequences repeats (SSR-multiplex PCR). Some of these methods have been of great interest
in enology, since they allow one to obtain a high level of resolution in yeast strain characterization.

As discussed above, flor yeasts are mainly Saccharomyces cerevisiae, but they show a high level
of variability regarding nuclear and mitochondrial genome [11,23-25]. Studies on Spanish wine
fermentations using restriction patterns generated from the PCR-amplified regions spanning the
internal transcribed spacers (ITS 1 and 2) and the 5.85 rRNA gene demonstrated that flor yeasts
which carry out the biological ageing in the Jerez-Xerés Sherry and Montilla-Moriles D.O. showed
a 24 bp deletion located in the ITS1 region [5,9,23]. This deletion is fixed in flor yeasts, and it may
have originated from a slipped-strand mispairing during replication, or it might stem from unequal
crossing-over [23]. Furthermore, said deletion may also be related to a nuclear gene involved in
ethanol tolerance.

Moreover, veil-forming yeasts exhibit some chromosome alterations. Especially, they usually
have a considerable number of additional copies of some chromosomes, mainly of chromosome
XIII, that contain certain genes related to the oxidative conversion of ethanol to acetaldehyde during
biological ageing [24,26]. Flor yeasts are characterized by a high degree of heterozygosis [27]. Therefore,
chromosomal analysis of yeasts isolated in sherry wines show a high level of variability, as it is not
possible to correlate between a specific pattern and a former race described above [11]. On the other
hand, mitochondrial DNA restriction analysis of natural isolates of sherry wines show a small level of
variability due to the conditions of the biological ageing [5,6,28].

As stated by [1,29], comparative population genomics between wine yeasts and biofilm-forming
flor yeasts have disclosed some genomic regions, including multiple genes, involved in adaptation to
biological ageing conditions, since they are fixed in the analyzed flor yeasts. Some of these genomic
regions are involved in ethanol tolerance, hexose transport, cell-cell adhesion, or zinc transport.
This finding could put, on show, the phylogenetic origin of flor yeasts.

However, it would also be worth emphasizing that molecular techniques are not enough to
understand the diversity and dynamics of yeasts during biological ageing in Sherry wines. Some
studies [6] revealed that biochemical tests are necessary to identify and classify the different flor
yeasts involved in Sherry wine, since each yeast strain might bring to the Sherry wines a different
organoleptic characteristic.

4. Factors Which Affect Veil Formation

The development of yeast on the surface of the wine forming the veil of flor occurs after alcoholic
fermentation, and this process produces important changes in the characteristics of the wine due to
the metabolism of the flor yeasts. The air-liquid interface plays a fundamental role, since under these
conditions, cell growth is dependent on oxygen availability [15].

Flor yeasts are capable of growing on non-fermentable carbon sources, such as glycerol,
ethyl acetate, and even ethanol [16]. On the other side, biofilm formation is limited by the presence
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of high contents of succinic acid, lactic acid, and acetic acid. Veil formation is affected also by
environmental factors in wineries, such as nutrient composition, growth temperature, osmotic or ionic
stress, and the presence of toxic drugs, oxidizing agents, or heavy metals [30]. Thus, veil formation
is favored by agitation before inoculation of veil [31], whereas it is limited by the presence of high
concentrations of ammonium [32], due to the decrease of FLO11 expression, a key gene for veil
development [33].

Although there is a large number of factors which affect veil formation, flor yeast development
is essentially influenced by the ethanol content in base wine (15%, v/v) and the temperature in the
cellar (below 22 °C). If the temperature is increased, the veil of flor is deteriorated, which causes a
delay in the ageing process. Elevated temperatures and inhibitory ethanol concentrations have a lethal
effect on yeast cells, and both act upon the mitochondria [28]. Thermal and ethanol tolerance are
genetically determined properties that may diverge from strain-to-strain. Therefore, these properties
are susceptible to biological improvement, although the deterioration may be attributed to other
environmental factors, such as limited amount of essential nutrients or the opportunistic proliferation
of polluting yeasts [34].

5. Chemistry and Biochemistry of the Biological Ageing

The genetic analysis of flor strains with microsatellite typing performed by [35] revealed that
most flor strains of Spain, Italy, France, and Hungary belong to the same genetic group of S. cerevisiae.
This subclustering might be related to the differences between them in the ability to produce a biofilm.
Moreover, the Sherry wines have the peculiarity of refreshing the wine each year through the soleraje
process. This process is what makes this kind of wine very singular, and sets it apart from other wines.
During biological ageing, the wine also goes through several changes in its chemical composition
that take place over time. Those changes are carried out by the yeasts, which use their metabolism
to release a number of compounds. Moreover, other reactions occur during ageing such as chemical
reactions between the components of the wine, crystal precipitation, and the extraction of wooden
compounds from the casks. The veil-forming yeasts need a widely list of nutrients to grow, and they
are able to use many sources of carbon, such as ethanol, glycerol, and acetic acid. Oxygen is necessary
for assimilation of L-proline and the synthesis of unsaturated fatty and sterols [32].

Autolysis has been defined as the hydrolysis of intracellular biopolymers under the effect of
hydrolytic enzymes associated with cell death, forming low molecular weight products. This process is
accompanied by a loss of dry matter, a decrease in the percentage of protein and nucleic acids, and by
an intracellular proteolytic activity. Flor yeasts may suffer autolysis process during biological ageing,
due to the special conditions to which they are subjected, such as contact with yeasts for long periods
during storage. It may fluctuate depending on the number of rows in the criaderas and soleras system,
number of rocios, veil surface, volume of wine extracted per year, and climatic conditions. This autolysis
releases a lot of compounds in wines, such as amino acids, peptides, nucleotides, mannoproteins,
esters, alcohols, aldehydes, acids, and lactones. All these compounds have an effect, in the sensorial
way [36-38].

Ethanol is used by the veil-forming yeasts as a source of carbon and energy. A part of the alcohol is
converted into compounds such as acetaldehyde, acetic acid, butanediol, diacetyl, and acetoin. The rest
are metabolized via the tricarboxylic pathway as carbohydrates, lipids, and proteins, into cellular
material [37]. The veil formation stage and the scales that contain the youngest wine are the most
ethanol-consuming phases [39,40].

On the other side, glycerol is the third compound of wine, after water and ethanol. Yeasts are
able to use glycerol as a carbon source, decreasing its amount along the ageing process. This is an
effective way to measure the degree of ageing in Sherry wines [40]. The amount of glycerol is one of
the main differences between wines with biological and oxidative ageing, since the second one has no
veil-forming yeasts, and the amount of glycerol remains at levels of 6.5-8 g/L, while the first one has
below 0.5 g/L [41].
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Acetaldehyde is one of the compounds that makes this kind of wine especially different, since
it influences the sensory properties, giving them a typical pungent aroma. This compound reaches
concentrations from 350 to 450 mg/L, achieving around 1000 mg/L [42]. Yeasts produce it by oxidation
of ethanol using alcohol dehydrogenase II (ADH II), which produces NADH. This isoenzyme is
repressed by glucose, so it plays an active role in the biological ageing. The acetaldehyde amount
increases as the wine ages, but the biggest changes occur in the rows that contain the youngest wine,
in which yeasts have a more active metabolism [7,43]. Acetaldehyde influences the synthesis of sotolon,
which is an important aromatic compound in sherry wines, providing a typical nut fragrance [18].

The two main amino acids in must are L-arginine and L-proline [44], and they are used by yeasts
during the fermentation process. Thus, the content of amino acids is reduced during biological ageing,
especially L-proline content [44,45], because it is not degraded by the yeasts during the fermentation
process, since the transformation process requires the presence of molecular oxygen [46].

One of the most important aromatic influencers are the higher alcohols. In spite of that they
do not usually change their overall content during biological ageing, some individual alcohols may
change during the process. Isobutanol, 2-phenylethanol, and isoamyl alcohols (2-methyl-1-butanol
and 3-methyl-butanol) change slightly, whereas concentrations of propanol can be doubled during the
process. Moreover, the autolysis of yeasts plays an important role in the content of higher alcohols.
This fact can be checked by looking the content of propanol, isobutanol, and isoamyl alcohols in the
yeast extract of wines under biological ageing [2].

As stated above, “Sobretablas” wine is located in the top row of the soleras system, and is where the
malolactic fermentation took place. Thus, the ageing system contains no appreciable concentration of
malic acid. During biological ageing, the amount of tartaric acid decreases, since the crystal precipitates.
Gluconic acid is an indicator of wine quality, because it comes from rotten grapes (and they can be
affected especially by fungus Botrytis cinerea). Having said that, wines that contain below 1 g/L of this
acid are allowed to biologically age. Veil-forming yeasts can metabolize such acids without altering
the final quality of the product [14,47]. Regarding acetic acid, biological ageing has a very important
advantage for the winemakers, because it is metabolized by veil-forming yeasts during the process,
and its concentration is reduced through consumption via acetyl-CoA.

6. Why Are Fino Wines Different from Manzanilla Wines?

Manzanilla is a dry white wine made from the same grape-berries of Fino (Vitis vinifera cv.
Palomino) and it also goes through biological ageing due to the presence of veil-forming yeasts. It is
produced exclusively in the coastal town of Sanlicar de Barrameda (located 12 km from Jerez). Despite
that the elaboration process of this wine is the same as Fino, winemakers and people from this area claim
that Manzanilla wine differs from Fino because of its uniquely and distinctive sensory characteristics.
The special climatic conditions of the town, situated at the mouth of the river Guadalquivir, favor the
formation of a special kind of veil of flor, which gives the wine its uniquely distinctive characteristics.
While Fino wine sensory characteristics ranges from bright straw yellow to pale gold in color and a
delicate bouquet slightly reminiscent of almonds with a hint of fresh dough and wild herbs, Manzanilla
wines denotes a very bright, pale straw colored wine, and a sharp bouquet with predominant floral
aromas reminiscent of chamomile, almonds, and dough.

It should be noted that in Jerez area, the veil of flor thickness fluctuates considerably during
every season of the year, due to the effect of the changes in temperature, and therefore, the wine
alternates biological and oxidative ageing periods. On the other hand, the veil in Sanltcar lasts all year,
due to the mild climate, owing the Guadalquivir River. However, according to the results obtained
by [6], the genetic characterization of the veil-forming yeast strains from Manzanilla and Fino is highly
variable: some patterns appear repeatedly in both kinds of Sherry wines, while others are exclusives to
each wine.

According to [48], Manzanilla wine has its origins from the village of Manzanilla, in the Condado
de Huelva D.O., placed 40 km from Sanltcar de Barrameda. Oak and Abies pinsapo barrels containing
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wines from Condado de Huelva were transported during the Centuries XVI-XVII to Sanlticar de
Barrameda, and then to the Indias (nowadays Central and South America). Thus, this evidence will
open new frontiers for a better understanding of the differences between Manzanilla and Fino wines
of the Jerez-Xerés-Sherry winemaking framework.

7. The Outlook for the Future of the Veil-Forming Yeasts

The wine market is in constant improvement and renewal. It demands modern conditions under
which to operate, including social security and protection for the environment. On the other side,
consumer demands for newer styles of wines and improvements of the process efficiency, the sensory
quality, and the wholesomeness of the wine is required.

These will be carried out by further refinements of existing technologies and products, but also
by the development of new products based on the exploitation of new strains of Saccharomyces and
non-Saccharomyces yeast strains. In this regard, genetic improvement and metabolic engineering
technologies are applied to construct strains with interesting properties [49]. Furthermore, new hybrid
strains have been developed with an increased tolerance to the stresses of winemaking, such as
temperature of fermentation and ethanol concentration, and the pool of strains available to enhance
diversity in wine flavor has increased [50].

Along the same lines, the wide variety of genetic tools available has made it possible to improve the
processes by studying genes involved in the control of the subcellular localization of different proteins,
such as BTN2. Its deletion affects the biofilm formation ability of flor yeasts, and it increases its sliding
motility, resulting in increased mat formation. This correlates with an increased transcription of the
FLO11 gene, essential for biofilm formation [10]. Similar studies have concentrated on overexpressing
genes SOD1, SOD2, and HSP12 in different veil-forming yeast strains showing that the veil formation
by these strains took place more rapidly, and the veil was thicker and with higher percentages of viable
cells. The result was an acceleration of both metabolism and wine ageing, thus reducing the time
needed for wine maturation was obtained [51].

Why are wine ageing and maturation so important? Biological ageing is a slow process to ensure
homogeneity and quality of the wine, and this raises the production costs of Sherry wines. Some
authors have tried to find an effective way of shortening the ageing time without altering the quality
of the resulting wines. Periodic microaeration of Fino wines is effective in shortening their biological
ageing time without affecting the veil-forming yeasts” integrity [52]. On the other hand, a method
based on aerating wine under biological ageing on a monthly basis was studied, resulting in an increase
of ADH II activity, rising production of acetaldehyde and its derivatives [53]. It has been proven
that by combining the microaeration in stainless-steel vessels and the traditional biological ageing
procedures, the ageing time can be substantially shortened [54].

The optimization of wine maturation has been studied through the presence of proteins involved
in respiration, translation, amino acid metabolism, glycolysis/gluconeogenesis process, biosynthesis
of vitamin B9 (folate), and stress damage prevention and repair under biofilm formation conditions.
In this study, proteins like Bgl2p, Gev3p, Hyp2p, Mdhlp, Suc2p, and Ygplp were quantified in very
high levels [55], paving the way for the design of conditions and genetic constructions of flor yeasts to
improve the cellular survival and, thus, to optimize biological ageing of Sherry wine production.

There must be adequate conditions surrounding the flor yeasts” growth to ensure that the process
mentioned above is as easy and efficient as possible. As discussed above, lactic acid bacteria coexist
with our interesting yeast strains, triggering organoleptic deviations and deterioration of the wine.
Under these conditions, a lysozyme might be used to prevent the development of lactic bacteria.
More recently, there has been evidence showing that if yeast inoculation is carried out under submerged
culture conditions during biological ageing, then low doses of lysozyme could affect cell multiplication
and the membrane hydrophobicity of the yeast, inhibiting their aggregation and flotation, and the
subsequent development of veil of flor [12].
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As stated above, low ethanol content, along with a visually pleasing appearance in terms of color
in wine, are some of the demanding requirements of the current wine market. A more uniform color
in red wine has been obtained by using veil-forming yeasts over short periods [56]. Relevant studies
suggest that veil-forming yeasts can be used as fining agents, increasing the percentage of red color
and decreasing astringency and ethanol content [57], therefore supporting new perspectives for the
elaboration of a new wine type.

Tolerance to ethanol and acetaldehyde of veil-forming yeasts could be useful for producing
bioethanol [58], but they have also been used in terms of food control. The combined lysozyme and
submerged culture of veil-forming yeast treatment is very effective at removing bacteria from the wine,
reducing volatile acidity and preventing acetification [59]. In this context, a new method that would
prevent the deleterious biofilm formation in wineries is studied by the transcription of the FLO11 gene
in a veil-forming S. cerevisiae strain repressed by glucose [59].

New potential applications are moving towards the yeast cell immobilization on Penicillium chrysogenum
for sweet wine production [60]. Previously, this fungus has been used in a forced symbiosis with
Saccharomyces cerevisiae in the absence of physicochemical modifications [61]. Recent research in the same
row has revealed a gradual adaptation to the fermentation conditions and increasingly uniform behavior,
in terms of the fermentation kinetics and production of metabolites during the process [62].

It would also be relevant to highlight the analysis of veil-forming yeasts using omic tools,
which are also expanding and offering interesting possibilities. Proteome remodeling is extended by
comparative genomics, proteomics, and metabolomics of flor and wine yeast strains [1]. These are
some of the infinite ways in which we can deepen our knowledge regarding veil-forming yeast.

Finally, a new line of research could be the development of products that do not affect veil
formation or volatile compounds which are characteristic of biological ageing (e.g., acetaldehyde or
ethyl acetate), normally used to indicate the stage and quality of the industrial process.

8. Conclusions

Sherry wines are unique, due to the metabolism of some yeasts capable of growing on their surface
during biological ageing, granting them some organoleptic characteristics. We will be able to optimize
and improve Sherry wine production by studying the genetic and biochemical characteristics of the
veil-forming yeasts. Thus, it is also necessary to study all the factors that might affect the formation of
the veil of flor, which is now possible due to the wide variety of techniques already developed, and the
potential for new ones to be discovered.

The Sherry wine market must be profitable for both producers and consumers, and this may be
achieved by looking for new methods to allow a faster wine maturation process without damaging
the quality of the final product. This would in turn allow the obtention of a homogeneous product,
despite the environmental changes that are gradually occurring due to climate change.
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