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The dynamics of yeast strain populations in the flor velum and certain analytical parameters of sherry wine in
two “afadas”, the static system for aging sherry wine in oak butts, were monitored for 12 months starting in
spring 1996, in order to determine the correlations between biological and enological parameters. Metabolic
characterization of yeasts from both anadas indicated the presence of beticus and cheresiensis races of
Saccharomyces cerevisiae, although their relative proportions were different in each. The alcoholic degree,
acetaldehyde content and volatile acidity level also evolved differently. The cheresiensis race was more
predominant in the afada with the lower ethanol and acetaldehyde contents but higher volatile acidity.
Molecular characterization of the strains, by karyotype and miDNA restriction analyses, revealed a high
polymorphism, with certain patterns being predominant. Greater variability was shown in the nuclear DNA than
in the mtDNA due to the relatively young age of the wine. Some patterns were specific to either beticus or
cheresiensis race, but several strains shared the same karyotype or mtDNA pattern, indicating similarity
between the two types of strain, however, a preferential association between karyotype and mtDNA appeared.
Cluster analysis of the combined patterns of karyotype and mtDNA restriction profiles distinguished three main
genotypes. Patterns with higher frequencies were specific to each afiada and some beticus and cheresiensis
strains showed these same patterns; this was probably due to differences in the analytical conditions of each
“afiada” resulting in the selection of different yeast genotypes.
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Spanish “fino” sherry wines are pale in color, dry
with pungent bouquet and flavor, and mainly character-
ized by their high alcoholic content. Their aging is bio-
logical and involves two phases: a static phase (“afia-
das”) during which the wine of a simple harvest is kept
in the same oak butt for a variable number of years,
followed by the dynamic phase, known as “criaderas-
solera” system (or “soleraje”), consisting of several
blending and aging stages before being commercialized.
In both phases, wine is kept isolated from the air by a
surface film of yeasts, known as the flor velum, which
develops an oxidative metabolism responsible for most
of the organoleptic properties of sherries [9].

The development of flor velum yeasts depends on
various environmental factors and also on the chemical
composition of the wine. Sherry wines contain relatively
high amounts of acetaldehyde, which plays an impor-
tant role in aroma and bouquet; its concentration in-
creases during aging, owing to the oxidation of ethyl
alcohol and to the activity of velum yeasts [4,12,19].
Moreover, the relationships between acetaldehyde and
the total content in higher alcohols suggest that acetal-
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dehyde plays a key role in the biosynthesis of higher
alcohols, probably as a precursor for the formation of
valine and leucine from which isobutanol and isoamyl
alcohol are derived [29]. However, acetaldehyde exerts
an inhibitory effect on velum formation when its con-
centration is above the tolerance threshold [28].

Physiological characterization of the yeasts present
in the velum of sherry wines has indicated that more
than 95% of the whole population belongs to four races
of S. cerevisiae: beticus, montuliensis, cheresiensis, and
rouxii [18]. Nevertheless, the presence of montuliensis
and rouxii races in sherry wines has only been described
in the final blending stages of relatively old sherries,
although the presence of these two races is not a con-
stant even in sherries from the same winery [12]. Pres-
ence of montuliensis in the velum population has been
related to high concentrations of acetaldehyde in the
wine, and this race and rouxii appeared more tolerant to
high levels of acetaldehyde than beticus and
cheresiensis. However, results of studies on the relation-
ships between these races and organoleptic characteris-
tics are scarce [5,19].

The differences found in acetaldehyde production
are reproducible, and consistent phenotypes of low, me-
dium, and high acetaldehyde producers have been de-
scribed [29]. The low and high phenotypes also differed
considerably in the production of secondary wine fer-
mentation products that affect the flavor of the wines in
general, such as acetic acid, acetoin and higher alcohols,
esters and others. Crosses between high and low ac-
etoin-producing strains indicated low production as a
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dominant trait and also high versus low acetoin produc-
tion segregated as a single gene [29]. At the same time,
the highest acetaldehyde production coincided with the
maximum ethanol consumption, and this consumption
was highest in montuliensis and rouxii cultures, so equi-
librium between the alcoholic degree and the acetalde-
hyde concentration needs to be reached in order to im-
prove the process [20]. Considering that the absence,
the presence, or variations in the concentrations of ac-
etaldehyde may be an important factor in the ultimate
bouquet of a wine, the possible choice between high and
low acetaldehyde producers becomes of particular inter-
est from the technological point of view [21].

The aroma compounds of wine subjected to biologi-
cal aging show many changes as a result of yeast me-
tabolism, as well as from the extraction of various con-
stituents of the wood by wine ethanol. Results suggest
that it would be of interest to study the races of film-
forming yeasts in relation to the differences observed in
the sensory properties and the length of time of the
biological aging of wines [17,34]. Some strains have
shown differences in the production of compounds in-
volved in aroma; it has been found that in some strains
the production was faster suggesting that a more rapid
aging of sherry wine is possible [6].

Flor yeasts isolated and grouped as races belonging
to S. cerevisiae and studies of the dynamics of biological
aging have also been based mainly on the metabolic
characterization of the yeast strains [12,19]. However
morphological and physiological properties cannot al-
ways distinguish between strains belonging to the same
species and do not include their most important charac-
teristics from the industry point of view. In fact, when
molecular techniques have been applied to the study of
yeasts, a wide polymorphism has been described both in
karyotypes and in mitochondrial restriction patterns
[15,27]. These patterns have not previously been shown
to be characteristic of races; therefore, a full molecular
characterization of the strains, together with the estab-
lishment of their relationships with blending/aging
stages and sherry characteristics is considered desir-
able.

In fact, determining the relationship between geno-
types and organoleptic properties would enable modifi-
cation of the aging system in order to improve it or to
direct it towards achieving specific characteristics in the
wine [6,7,12]. Furthermore, clarification of the genetic
control of characteristics that are economically impor-
tant is needed for modification and selection of the most
suitable strain, by either classical genetics or genetic
engineering techniques. The study of the relationships
between analytical parameters of sherry wines and the
yeast races present indicates that there are specific
genotypes, rather than metabolic races, that are associ-
ated with important enological characteristics.

Materials and Methods

Sampling: To establish particular relationships be-
tween organoleptic properties and flor yeast strains of
sherry wines, samples were taken from two static sys-

tems (“afiadas”) which were maintained without blend-
ing or the addition of ethanol.

Flor velum yeast strains were isolated from the
surface of “Fino” sherry wines belonging two different
“afadas” referred to as “Aflada” A (65 oak butts) and
“Afiada” B (60 oak butts), both two years old, from the
cellars of Sandeman-Coprimar, S.A. of Jerez de la
Frontera (Spain). Sampling consisted of the removal of a
small amount of the velum, from three different loca-
tions on the surface of the wine in each butt. The three
samples were then combined and transferred to a solu-
tion of peptone (1 g/L). In the laboratory, samples were
diluted, and 100 mL of each dilution were seeded on
YPD medium (1% yeast extract, 2% bacto peptone, 2%
glucose, and 2% agar) and incubated at 28°C for four to
five days. Samples were taken every 15 days over a
period of one year starting in the spring of 1996.

Twenty colonies per sample were randomly chosen
for their microbiological characterization of their mor-
phological and physiological properties. Eighty-three
randomly chosen colonies were genotypically character-
ized by electrophoretic karyotyping, and of these, 60
were analyzed by mtDNA restriction analysis.

Taxonomic classification: Yeasts were grown in
complete YPD medium at several dilutions and incu-
bated at 28°C for four to five days. Plates containing
from 100 to 300 colonies were examined. Twenty colo-
nies from each sample were randomly selected and iden-
tified following the usual criteria for fermentation and
assimilation of different carbon and nitrogen sources
[16,31]; the media employed for these tests were as
described by Barnett et al. [3].

Controls consisted of S. cerevisiae races beticus,
cheresiensis, montuliensis, and rouxii; Saccharomyces
cerevisiae (1329) strain from the CECT (Type Culture
Spanish Collection) was used.

Electrophoretic karyotype: The chromosomal
DNA was prepared by treating cells with a solution (1 M
sorbitol, 25 mM EDTA) containing 0.3 mg/mL of
dithiothreitol and 0.4 mg/mL of Lysing Enzymes (Sigma
Chemical Company, St. Louis, USA) in 1 M sorbitol.
0.5% low-melting agarose plugs were made in Bio-Rad
moulds to a final concentration of 10® cells/mL. The
electrophoretic karyotype was obtained by contour-
clamped homogeneous electric field (CHEF) gel electro-
phoresis in a CHEF-DRII apparatus (Bio-Rad, Rich-
mond, CA, USA). The electrophoresis was carried out at
6 V/cm (200 V) for 24 hours with initial and final switch-
ing times of 60 and 120 seconds, respectively. The buffer
used was 0.5 TBE (45 mM Tris-borate, 1 mM EDTA, pH
8) cooled to 14°C. The chromosome sizes of each molecu-
lar karyotype were determined by regression analysis
using a standard set of S. cerevisiae YNN 295 chromo-
somes in the Molecular Analyst software (Bio-Rad).

Mitochondrial DNA restriction analysis
(RFLP): The total DNA of the strains was extracted
and purified from spheroplasts by the method of Querol
and Barrio [24]. The DNA was digested with the endo-
nucleases Alu I (10 units per digest), Hinf 1 (12 units per
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digest) and Rsa I (10 units per digest) and the restric-
tion fragments were separated by horizontal electro-

hore51s on 1% agarose gels in 1xTBE at 60 V. The
molecular sizes of the fragments were calculated by
regression analysis using lambda DNA digested with
Hind I1I as molecular markers in the Molecular Analyst
software (Bio-Rad).

Analytical parameters: 100 mL of wine were
taken from each butt in the two afiadas, the samples
from the same afiada were combined and the mixture
was used for the analytical determinations. The ethanol
was quantified according to the transflexion technique
with the Infraanalyzer™ 450 system from Technicon™
(New York, USA); volatile acidity was determined by
flow injection (FIA) on an Autoanalyzer™ II from
Technicon™ (New York, USA), according to the method
using bromophenol blue [23]; acetaldehyde was esti-
mated according the OIV recommended procedure [22].

Cluster analysis: The similarities between elec-
trophoretic profiles were determined by cluster analysis
using the similarity complete linkage method. The

-
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unweighted pair group method average (UPGMA
method) included in the Statistica package (Stat Soft,
Inc., USA) was used.

Results and Discussion

Sherry wines are fortified wines with an alcohol
content of 15% on average. Fortification is performed by
the addition of grape brandy once the fermentation has
been completed. In addition, however, at any time when
the ethanol concentration falls to below 15.5%, the wine
is alcoholized back up to 15.5%, ensuring an aging sys-
tem with the ethanol content almost constant and near
the upper tolerance limit of yeasts [13].

A valuable consequence of the high alcohol content
of these wines is that this produces an almost sterile
growing medium. This is enhanced by the absence of
oxygen, resulting from the isolation effect produced by
the flor velum. However, there are some economic dis-
advantageous in the system because fortification is an
expensive practice. The biological aging of sherry takes
several years; therefore, both an accelerated process

Tabie 1. Microbiological and analytical evolution of Afiadas A and B from Spring 1996 to Spring 1997.

Anada A Ainada B
Sampling Races* Ethanol Acetal- Volatile Races* Ethanol Acetal- Volatile
number* dehyde acidity dehyde acidity

B CH (%) (mg/L) (glL) B CH (%) (mg/L) (glL)

1 100 0 15.50 318 0.20 100 0 15.30 107 0.32
2 100 0 14.80 313 0.20 75 25 15.55 128 0.30
3 100 0 15.50 317 0.16 85 15 15.40 99 0.20
4 100 0 15.30 283 0.20 100 0 15.30 153 0.33
5 100 0 15.20 194 0.20 75 25 15.20 86 0.36
6 100 0 15.05 192 0.27 95 5 15.05 39 0.39
7 100 0 15.10 180 0.22 60 40 15.60 83 0.37
8 100 0 ND ND ND 35 65 ND ND ND
9 100 0 15.05 160 0.29 95 5 15.30 108 0.38
10 100 0 15.20 155 0.27 30 70 15.35 95 0.39
11 90 10 14.94 150 0.23 75 25 15.05 102 0.32
12 100 0 ND ND ND 85 15 ND ND ND
13 100 0 14.80 170 0.21 60 40 14.85 105 0.30
14 100 0 15.10 141 0.31 75 25 15.00 97 0.33
15 100 0 15.00 165 0.33 70 30 14.90 104 0.27
16 100 0 14.98 179 0.23 65 35 14.90 85 0.18
17 100 0 14.85 180 0.27 45 55 14.80 90 0.28
18 100 0 14.68 206 0.30 50 50 14.40 110 0.24
18 95 5 14.60 235 0.23 75 25 14.60 107 0.21
20 100 0 14.33 230 0.19 50 50 14.50 109 0.17
21 100 0 14.88 167 0.17 95 5 14.50 127 0.10
22 95 5 14.90 170 0.16 70 30 14.35 137 0.11
23 95 5 14.75 170 0.17 50 50 14.25 129 0.12
24 95 5 14.73 160 0.17 65 35 14.30 116 0.18
25 95 5 14.60 190 0.18 75 25 14.30 93 0.19
26 100 0 14.48 166 0.17 55 45 14.30 95 0.17
27 80 10 14.33 148 0.17 75 25 14.30 83 0.20

ND: Not determined due to technical problems.
" B: beticus; CH: cheresiensis

" Samples were collected every 15 days: samples 1-5 were collected in spring 1996; samples 6-11 were collected in summer 1996; samples 12-18 were
collected in autumn 1396; samples 19-24 were collected in winter 1996; samples 25-27 were collected in spring 1997.
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coincident with a reduced alcohol consumption and
higher acetaldehyde production would be desirable im-
provements.

To obtain this improvement, reliable data on the
characterization of yeast strains are necessary, since
considerable variability has been described for these
yeasts; this is not revealed by the classical methods

based on morphological and physiological properties
[25].

The flor yeast strains analyzed in this study show
the metabolic pattern of the beticus and cheresiensis
races of the S. cerevisiae species. The distribution of
races between the afiadas and their dynamics over time
can be seen in Table 1.

The types of yeasts we found in flor velum are in
agreement with the published data [8], although an-
other two races of S. cerevisiae have been described in
addition to beticus and cheresiensis (montuliensis and
rouxii) [12,18]. There could be several reasons for the
absence of these races in our samples. (1) They have
always been described in very low proportions, and even
so, they have not been found in all the samples from the
same winery [19]. (2) They can be considered as markers
of later blending stages; therefore, they are likely to be
absent from the relatively young wine of the afiadas
studied here. Although absence of these races could also
be explained by other reasons, such as differences in
winery practices between cellars [2], or the presence of
other minority yeasts producing killer toxins [30], other
factors such as practices related to the preparation of

Table 2. Electrophoretic karyotypes of flor velum yeasts isolated from
two afiadas of sherry wine rendered by the analysis of the
chromosomal patterns through Contour-Clamped Homogeneous
Electric Field (CHEF) pulsed gel electrophoresis.

— Races — — Anada —
Kary- No. of % beticus  cheresi- A B
otype strains strains ensis
| 21 25.30 19 2 17 4
l 1 1.20 1 0 1 0
I 28 33.90 11 17 1 27
v 1 1.20 1 0 1 0
\ 6 7.20 6 0 5 1
\ 1 1.20 1 0 1 0
Vil 1 1.20 1 0 1 0
viil 1 1.20 1 0 0 1
IX 1 1.20 1 0 1 0
X 4 4.80 2 2 2 2
XV 2 2.40 2 0 1 1
XVI 6 7.20 6 0 5 1
XV 3 3.60 3 0 3 0
Xvil 1 1.20 0 1 0 1
XIX 2 2.40 0 2 1 1
XX 2 2.40 0 2 0 2
XXI 1 1.20 0 1 0 1
XXl 1 1.20 1 0 1 0
Total 83 100 56 27 41 42

musts, the inoculation of strains during the biological
aging, etc., cannot be discounted [32].

Molecular characterization of the strains involved
the determination of the electrophoretic karyotype and
analysis of restriction fragment length polymorphism of
the mtDNA. Polymorphism in flor yeasts is produced by
a balance of forces tending to induce chromosomal
changes (high concentrations of ethanol or acetalde-
hyde) [28] against a high selection pressure acting upon
them (lack of fermentable sugars, absence of sexual
reproduction, etc.) [4] and low proportions of Y’ and Ty
elements [14] in terms of selecting the karyotype best
adapted to such conditions.

Results showed a higher polymorphism in the
beticus compared to the cheresiensis race; 14 different
patterns were displayed by beticus but only seven by
cheresiensis (Fig. 1 and Table 2). Only three patterns
were common to both races, and the frequency of pat-
terns between the races was also different because four
patterns (I, III, V, XVI) appeared predominant in
beticus, but only 1 (ITI) in cheresiensis. Comparing the
distribution of these patterns between the afnadas, there
was not only a difference in the number of patterns
appearing in each, but also the most frequent pattern
was different in each afiada: i.e., pattern IIl in Afiada B,
but pattern I in Afiada A (Table 2).

The mitochondrial DNA restriction analysis has
been described as a practical method for monitoring
Saccharomyces strains in wine fermentation [26].
RFLPs of mitochondrial DNA of 60 strains with the
enzymes Alu I, Hinf1, and Rsa I yielded three, four, and
four different patterns, respectively, indicating a high
degree of polymorphism (Fig. 2).

Fig.1. Predominant electrophoretic karyotype patterns of the flor velum
yeast strains isolated from two “afiadas” of sherry wine. Chromosomes
from the S. cerevisiae YNN295 were used as a reference (CT) of
molecular weights with chromosome sizes from 2,2 kb to 245 pb. Five
different patterns appeared with frequencies higher than 5% in the
overall set of flor yeasts studied and refereed in this work as pattern | (1},
pattern il (1l}, pattern V (V), pattern X (X) and pattern XVI (XVI).
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Fig. 2. Restriction analysis of the mtDNA of flor velum yeasts digested with Alu
1(A1, A2, A3), Hinf{(H1, H2, H3, H5) and Rsa I (R1, R2, R3, RS). Lambda DNA

digested with Hind I/l was used as standards (CT).

Mitochondrial combined patterns with the three en-
zymes can be seen in Table 3, where only seven out of 36
possible patterns appeared. These patterns were more
specific than the karyotype ones, both in races and in
afiadas, with two predominant profiles in both strains.
Distribution of these profiles between afiadas was also
specific; only three patterns appeared in Aiiada A, with
RP1 being the most frequent, whereas five appeared in
Afada B, with RP2 being the most frequent combina-
tion, which was not present in Afiada A. The existence of
predominant patterns could be due to the selection ex-
erted by the sherry conditions. Comparing the polymor-
phism found, this appeared lower in chromosomal than
in mitochondrial DNA; however, a greater uniformity in
the chromosomal compared to the mitochondrial pat-
terns of flor velum yeasts from the dynamic blending/
aging phase has been described [18]. The authors ex-

Table 3. Mitochondrial DNA patterns (RFLP) of flor velum yeasts
isolated from two “afiadas” of sherry wine through restriction with the
enzymes Alu I, Hinfland Rsa /.

No. — Races — — Afiada —

Pattern* of % beticus cheresi- A B
strains strains ensis

RP1 28 46.67 27 1 25 3
RP2 23 38.30 6 17 0 23
RP3 1 1.67 1 0 1 0
RP4 1 1.67 1 0 0 1
RP7 4 6.68 0 4 0 4
RP8 1 1.67 0 1 0 1
RP10 2 3.34 2 0 2 0
Total 60 100 37 23 28 32

* Patterns are the combination of the individual patterns yielded by each
enzyme (Fig. 2): RP1: A1H1R1; RP2: A2H2R2; RP3: A3H1R1; RP4:
A1H2R2; RP7: A2H3R3; RP8: A2H3R2; RP10: A2H5R5.

CTH1H2H3HS CT CTRIR2R3R5CT
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plained the difference as due to the selection of an
optimum karyotype while the mtDNA was variable
because of the mutagenicity of the ethanol concen-
tration present. The differences in our results
might be the result of the yeast strains of the
afiadas being under selective pressure for less
time, with the effects between DNA types not yet
distinguishable. However, when the wine is under-
going dynamic biological aging, the karyotypes of
flor yeasts present are reduced by selection, with
only a few karyotypes remaining; instead, the sen-
sitivity of mtDNA to alcohol is being displayed as
higher variability.

Combined patterns between chromosomal and
mtDNA profiles yielded two predominant frequen-
cies. Although results suggested that the different
strains identified are very closely related, since
they may share either of these patterns in their
karyotype or in their mtDNA restriction analysis,
combined patterns were not random, and some
preferential associations could be distinguished,
since only 24 out of 648 possible combinations

Table 4. Genotypic patterns of flor velum yeasts isolated from two
afadas of sherry wine according to their molecular karyotypes
and RFLP of mtDNA.

No. — Races — — Anhada —

Pattern* of % beticus  cheresi- A B
strains strains ensis

PC1 12 20.00 12 0 12 0
PC3 1 1.67 0 1 1 0
pPC4 1 1.67 1 0 1 0
PC5 1 1.67 1 0 1 0
PCs6 1 1.67 1 0 0 1
PC7 20 33.24 5 15 0 20
PC8 1 1.67 1 0 1 0
PC9 3 5.01 3 0 3 0
PC10 2 3.34 2 0 1 1
PC11 1 1.67 1 0 1 0
PC12 1 1.67 1 0 1 0
PC13 1 1.67 1 0 0 1
PC15 2 3.34 1 1 1 1
PC16 1 1.67 0 1 0 1
PC17 1 1.67 1 0 1 0
PC18 1 1.67 0 1 0 1
PC19 1 1.67 1 0 1 0
PC20 2 3.34 2 0 1 1
PC21 1 1.67 0 1 0 1
PC22 1 1.67 0 1 0 1
PC23 2 3.34 0 2 0 2
PC24 1 1.67 0 1 0 1
PC28 1 1.67 1 0 1 0
PC30 1 1.67 0 1 1 0

* Combined patterns of karyotype and mtDNA: Combined patterns with
RP1: PC1, PC5, PC9, PC10, PC11, PC12, PC15, PC17, PC19, PC20,
PC28 containing chromosomal patterns |, II, IV, V, VI, VI, X, lll, XV, XVI
and XXIII, respectively; Combined patterns with RP2: PC7, PC13, PC18,
PC24 and chromosomal patterns lll, VII1, 1, and XX, respectively; PC4: |-
RP3; PC6: 1ll-RP4; Combined patterns with RP7: PC8, PC16, PC22,
PC23 containing chromosomal patterns lll, X, XIX and XX, respectively;
PC21: XVIlI-RP8; Combined patterns with RP10: PC3 and PC30: | and
XIX, respectively.
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appeared (Table 4). Moreover, preferential distribution
of combinations between the races was found, PC1 be-
ing specific to beticus and PC7 appearing with higher
frequency in cheresiensis than in beticus. In relation to
the distribution of patterns between the afiadas, the
tendency described previously was confirmed, with PC1
only found in Afiada A and PC7 only in Afiada B.

When cluster analysis was applied to the combined
patterns, three groups could be distinguished at 86%
similarity; one group was composed of patterns with
very low frequencies in both races. In contrast, in each
of the other two groups, specific combination, of either
one or the other afiada appeared; i.e., the combined
pattern PC7 was present in five beticus and 15
cheresiensis strains, but all of them in Afiada B ap-
peared in one cluster, whereas PC1 was only present in
beticus of Aflada A and was clustered in a third group
(Fig. 3). Therefore, these results confirmed the presence
of specific patterns for different race strains growing
under the same conditions and are in agreement with
data showing a correlation between specific genotype
patterns and blending/aging stages [21].

Relationships between yeast populations and ana-
lytical parameters showed that Afiada A, containing
mainly the beticus race, showed the best values of the
three parameters studied: ethanol, acetaldehyde, and

r——— |
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Fig.3. Cluster analysis of combined patterns (karyotype and mtDNA) of
flor velum yeasts of two “afiadas (static system) of sherry wine.

¥ Combined patterns shown on Table 3. Their distribution and frequen-
cies between the races and “anadas” were as follows:

Cluster 1: PC4, PC5, PC11, PC12, PC17, PC19 and PC28 appeared in
one strain of beticus of “"Afada” A; PC3 in three beticus of "Afiada” A;
PC1 in twelve beticus of “Afada” A; PC10 and PC20 in one beticus of
“Afada” A and one beticus of “Afada” B; PC15 in one beticus of “Afada”
A and one cheresiensis of “Afada” B.

Cluster 2: PC3 and PC30 in one cheresiensis of “Afiada” A; PC16, PC21
and PC22 in one cheresiensis of “Afiada” B; PC23 in two cheresiensis of
“Afada” B.

Cluster 3: PC13 and PC18 in one beticus of “Afada” A and in one
beticus of "Anada” B; PC6, PC18 and PC24 in one cheresiensis of

;Aﬁada" B; PC7 in five beticus and in fifteen cheresiensis both in “Afada”

volatile acidity. Afiada B, which also started with 100%
beticus, showed a lower ethanol content, and due mainly
to the acetaldehyde concentration, cheresiensis was able
to develop. Data on growth rate indicated a faster
growth for beticus in comparison with cheresiensis.
Hence its duplication time is lower, and this may be the
reason why beticus is first to colonize the velum. Only
when conditions are less favorable for the development
of beticus are the cheresiensis strains able to develop
(data not shown). The results in Table 4 indicate that
differences in analytical parameters depend on seasonal
effects, mainly temperature differences. The study
started in Spring 1996; by the end of that season when
the temperature was rising and all through the summer,
a decrease in the acetaldehyde content was observed in
both afiadas. At the end of the summer, when the tem-
perature decreased again, a higher production rate of
acetaldehyde was found; this decreased again at the
beginning of the next Spring. Volatile acidity was in-
versely related to acetaldehyde content; increases of
acetaldehyde corresponded to decreases of volatile acid-
ity and vice versa. Ethanol decreased continuously,
since the afiadas were not fortified.

The ability of yeasts to resist the inhibitory effect of
ethanol decreases as the temperature increases; this
explains the significant deterioration of the yeast film
observed as the temperature of the wine rises during the
summer. Moreover, elevated temperatures and inhibi-
tory ethanol concentrations have a lethal effect on yeast
cells, and it has been proposed that these factors act
upon the mitochondria, suggesting that the production
of respiratory deficient mutants in the flor yeast popula-
tion may cause the seasonal deterioration of the yeast
film. On the other hand, thermal tolerance and ethanol
tolerance are genetically determined properties that
may vary from one strain to another and, hence, would
be susceptible biological improvement [13,33], although
the deterioration may be attributed to factors other
than heat, such as limited amounts of essential nutri-
ents or the opportunistic proliferation of contaminant
yeasts [10,11]. However, the large number of genes in-
volved in the control of some of these characteristics
must be considered because this may impede the genetic
improvement, and other changes, such as the thermal
acclimation of the winery, could produce improved re-
sults more quickly [12].

Qur results indicate that not only is the biological
composition of the wine in terms of races important in
order to improve certain analytical parameters, but also
that the genotypes of yeast races developing in two
separate afiadas of the same age are different due to the
selective effect exerted by the evolution of the com-
pounds in the wine.

Conclusions

Molecular techniques are very useful not only for
the characterization of yeasts, but also because they
allow monitoring of strains during the process of biologi-
cal aging to detect the presence of contaminants and the
dynamics of the yeast population to be followed, detect-
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ing differences not revealed by microbiological meth-
ods. The study of two afiadas with different analytical
parameters showed different proportions of races
peticus and cheresiensis, and they evolved differently
depending on the season and also varied over time. The
presence of cheresiensis is an indicator of undesirable
enological conditions for fino sherry. Molecular analy-
gis of both races by karyotype and mtDNA restriction
analyses showed that certain patterns were specific to
only one or the other of the races; other strains of both
races shared the pattern of either karyotype and/or
mtDNA. However, when the origin of the strains was
considered, patterns were found to be specific to the
particular afnada, with some beticus and cheresiensis
strains showing the same molecular pattern, indicating
the selection of genotypes according to the individual
conditions of growth in the anada.
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