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In this study, the influence of yeast strain, immobilisation, and ageing time with yeast were examined in
relation to the amount of free amino acids and amino acids in the peptides of wines. Free and immobilised
Saccharomyces bayanus and Saccharomyces cerevisiae yeasts were used in sparkling wine production.
Samples from the base wine and sparkling wines were taken at 20, 40, 90, 180, 270 and 365 days of ageing
with yeast. It was observed that the majority of differences between wine samples in terms of the amount of
free amino acids and amino acids in peptides were due to ageing time. The amount of total free amino acids
in wine made with Saccharomyces cerevisiae was higher than in that made with Saccharomyces bayanus.
In addition, no differences were observed between free and immobilised yeast in terms of amino acids and

amino acids in peptides.

INTRODUCTION

Sparkling wine produced by the traditional method is
characterised by the re-fermentation of a base wine in a
bottle to which yeast and sugar are added. Wine obtained
in this way is aged with yeasts for a variable time period
of several months for wines manufactured by the traditional
method (Charpentier & Feulliat, 1993; Martinez-Rodriquez
& Polo, 2000). During ageing, the yeast undergoes autolysis,
and several compounds, such as nitrogen compounds,
volatile substances, carbohydrates and lipids, are released.
These compounds significantly change the characteristics
of the wine and affect its sensory quality (Martinez-
Rodriquez & Polo, 2000; Moreno-Arribas et al., 2005).
Nitrogen compounds are among the major compounds. They
are formed mainly by the peptides and free amino acids.
Although numerous authors have studied the composition
of the amino acids and peptides of sparkling wines and
the changes in these compounds in ageing time with yeast
in recent years (Feulliat & Charpentier, 1982; Moreno-
Arribas et al., 1996, 1998), only one study has examined
how yeast strain affects free amino acids and amino acids
in peptides during the second fermentation and ageing
with yeast (Martinez-Rodriquez et al., 2002). In this study
they detected differences between wines made with four
yeasts. Some authors have studied the influence of yeast
strain on free amino acid and peptides in a model solution
(Martinez-Rodriquez ef al., 2001; Perrot et al., 2002). On the

other hand, the use of immobilised yeast cells in sparkling
wine production is a rapidly expanding research area. This
technique has some advantages, such as easy clarification
and removal of cells for sparkling wine produced in a bottle
(Divies et al., 1994; Kourkoutas et al., 2004). Several studies
(Fumi et al., 1987, 1988; Pisinelli et al., 1989) have noted
the effect of immobilised yeast on the chemical composition
of sparkling wine. However, to our knowledge, there have
been only two studies for determining the changes in free
amino acids (Yokotsuka et al., 1997) and amino acids in
peptides in sparkling wine (Bozdogan & Canbasg, 2011).

Dimrit is one of most common black grape variety
grown in Nevsehir-Urgup (Cappadocia) and it is used for the
production of wine in Turkey (Canbag, 1978). No previous
studies exist regarding the composition of free amino acids
and peptides in base wine and sparkling wine obtained from
Dimrit.

The aim of this study was to examine the influence
of the yeast strain, immobilisation and ageing time on the
evaluation of free amino acids and amino acids in peptides
in sparkling wine.

MATERIAL AND METHODS

Reagent and standards

HPLC-grade methanol and acetonitrile amino acid standards
were purchased from Merck (Darmstadt, Germany) and
Biomedicals (Eschwege, Germany), and DEEMM was
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purchased from Merck (Darmstadt, Germany). Ultrapure
water was obtained from a Milli-Q system from Millipore
(Milford, MA, USA). All the other reagents were of
analytical grade.

Yeast

Starters were prepared using Saccharomyces bayanus
EC 1118 (a commercial strain, Lallemand, Spain) and
Saccharomyces cerevisiae NCYC 482 from the National
Collection of Yeast Cultures, England. The yeast was used
both in a free-cell condition and in an immobilised one.

Sparkling winemaking

Healthy grapes of cv. Dimrit were harvested from the
Nevsehir-Urgup province in 2004. The grapes were
transported to the Pilot Winery of the Department of
Food Engineering, Faculty of Agriculture, University of
Cukurova. Without crushing, the grapes were directly
pressed in a horizontal press and 30 mg/L of sulphur dioxide
was added. The juice was settled at 15°C for 24 h and then
racked. The musts were fermented (18°C) with a commercial
S. cerevisiae (0.2 g/L) ‘Zymoflore VL1’ (Bordeaux, France).
After the alcoholic fermentation in stainless steel tanks (250
L), the wines were racked and sulphur dioxide (50 mg/L)
was added. The wines were then stored at 15°C in a stainless
steel tank. Later, the wine was filtered through a membrane
filter (0.45 pm) and 30 mg/L of sulphur dioxide was added.

The physical and chemical base wine parameters are
as follows: density 0.9912, ethanol 11.46 (v/v), extract
15.4 (g/L), total acidity 4.5 (g/L, as tartaric acid), pH 3.31,
volatile acidity 0.20 (g/L, as acetic acid), reducing sugar 0.96
(g/L), free SO, 11.52 (mg/L), total SO, 91.1 (mg/L), protein
8.20 (mg/L).

Free yeast cells or beads containing 2x10° cells/mL of
viable yeast cells were added to the base wine containing
24 g/I. saccharose. A secondary fermentation was done at
16 to 18°C. All fermentations were conducted in triplicate.
Samples were taken from the base wine (time 0) and at 20,
40, 90, 180, 270 and 365 days of ageing with yeasts. All the
analyses were conducted in duplicate on wines that had been
centrifuged for 15 min. at 5000 x g.

Yeast cell growth and immobilisation

Yeast cells were harvested by centrifugation at 2 500 x g
for 10 min and were washed once in sterile water. The yeast
cells were mixed with 2% Na-alginate and added dropwise
with a peristaltic pump (2.5 ml/min) into a sterile solution of
0.5 M CaCl,. After two hours, the beads that formed (2 to 3
mm diameter) were washed with sterilised water, and 4.5 g
gel beads containing 2x10° cells/ml wine were used for each
bottle (Fumi et al., 1988; Ciani & Ferraro, 1998).

Acidic hydrolysis
Acidic hydrolysis of the sample containing peptides was
conducted in the presence of HCI (6M) at 110°C after 24 h.

Isolation of peptide fraction

After centrifugation as described above, the sample was
ultrafiltered on a 10 000 Da cut-off membrane (Amicon,
Epernon, France). The ultrafiltrate was kept at -20°C for

amino acid and peptide analysis.

Amino acid and peptides analysis
The L-aspartic acid, L-glutamic acid, L-asparagine, DL-
serine, L-glutamine, L-histidine, L-threonine, L-arginine,
DL-alanine, y-amino butyric acid (GABA), DL-valine,
DL-tryptophan, L-phenylalanine, L-isoleucine, L-leucine,
ethanolamine, DL-methionine, L-tyrosine and L-lysine were
analysed on an Agilent 1100 HPLC with photodiode array
detector. Samples were submitted to derivatisation with
DEEMM. All separations were performed on an ACE C,,
column particle size 5 um (250 mm x 4.6 mm). Solvents
and gradient conditions were as described by Hermosin
et al. (2003) and Gomez-Alonso ef al. (2007). For detection,
a photodiode array detector monitored at 280 nm was used.
The amino acid composition of the peptides was
calculated as the differences between the amino acid content
in the fractions before and after hydrolysis. Asparagine and
glutamine were partially converted to aspartic acid and
glutamic acid during acid hydrolysis. Thus, these compounds
are reported as Asx and Glx respectively (IUPAC-IUB,
1972).

Chemical analysis of the wines

Total acidity, volatile acidity, pH, free and total SO,, density,
ethanol, extract and reducing sugars (g/L) were analysed
(Ough & Amerine, 1988; Office International De La Vigne Et
Du Vin, 1994). Protein contents were determined according
to the Bradford method using bovine serum albumin as a
standard (Marchall et al., 1997).

Statistical methods

The statistical methods used for the data analysis were
two-way analysis of variance (ANOVA) to test the effect
of the two factors studied (yeast strains and ageing time)
and Duncan’s test for mean comparisons. Furthermore,
Cluster analysis (Ward’s method) was used to discover the
natural groupings of the wine samples. SPSS for Windows
(version 10.0, SPSS Inc., Chicago, USA) was used for data
processing.

RESULTS AND DISCUSSION
Changes in free amino acids and amino acids in peptides
during ageing with free and immobilised yeasts

Free amino acids

Two-way analysis of variance was used to study the
differences between the amount of free amino acids due to
yeast strain and ageing time. The results are summarised
as mean values and standard deviations in Table 1. The
most abundant amino acids were GABA, ethanolamine,
asparaginetserine, and glutamic acid.

Moreno-Arribas et al. (2000) reported that alanine,
GABA, arginine and glutamic acid were the major amino
acids for base wines made of the Xarella, Parellada, Macabeo
and Chardonnay grape varieties. Soufleros et al. (2003)
found that arginine, GABA, lysine, alanine and glutamic
acid were among the major primary amino acids of six Greek
grape varieties. Bozdogan and Canbag (2011) found that
asparagine, serine, ethanolamine and GABA were the major
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TABLE 2 (CONTINUED)

(Base wine)

Factor effect

Amino acids

365 days
1.220+1.44
4.59°+1.48

9.19%£2.40

270 days
1.23°+0.84
4.55°+0.54

180 days

1.11%+1.0
4.78°+0.52
0.00° +0.00
3.91*+0.31
3.79%0.47
0.61+0.16
2.250+0.54

2.83%+0.48

90 days
1.05°£0.73
4.75°+0.61
0.00°£0.00
3.31%0,78
4.47°41.23
0.88+0.53
2.05%£0.55
2.77°£0.43
0.53%+0.73
3.452+0.36
58.3546.56

40 days
3.15%+0.99
4.58°+0.77
3.78%+5.64
4.65+0.86
6.76*+1.32
0.86+0.36

20 days
0.77°+0.68

0 days
3.38:+0.03
3.69°+0.02
1.820+0.07
3.49°4+£0.06
5.81°+0.04
0.37+0.20
2.04°+0.04

5.99++0.04

time

straint

k3K

k3K

Alanine

5.53%+0.48
8.93%+3.37
2.95%0.32
5.67°+0.83

k3R

Arginine

3.99°+3.40
3.37%+1.54
3.91%+1.53

kR

ns

GABA

4.38%+1.2

kR

ns

Tyrosine

4.87%+2.04
0.82+0.9

&k

Valine

0.52+0.33
1.99 +0.88

2.930+1.07

0.69+0.23
2.17°+0.43
2.82+0.41
0.44°+0.58

3.79°+0.51
67.81°49.24

ns

kK

Methionine

1.91°+0.66
3.99%+2.42

3.48%+0.74
5.63*+1.05

kK

kK

Isoleucine

kK

ns

Leucine

0.87%+0.66

0.38+0.45
4.52°+1.14

0.59°+0.56
3.61°+0.45

62.74%+3 .81

2.46:+0.48
6.12:+1.10
89.74°+16.72

1.190+0.02
4.77°+0.32

72.71°+£0.48
1Strain: Saccharomyces bayanus free cell, Saccharomyces bayanus immobilised cell, Saccharomyces cerevisiae free cell, Saccharomyces cerevisiae immobilised cell, GABA:

kK

kK

Phenylalanine

5.14°+1.27
85.932+16.83

kK

ns

Lysine

67.46>+12.53

kK

ns

Total

y-aminobutyric acid, *: Significant at the 0.05 significance level, **: Significant at the 0.01 significance level, ns: no significant differences; kMean values in the same row with the

same letter indicate that there are significant differences between them (p < 0.05).
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amino acids in base wines made from the Emir grape variety.

ANOVA analysis showed that yeast strains significantly
affected all free amino acids, except for aspartic acid,
threonine, ethanolamine, valine, isoleucine and tryptophan.
In addition, it was observed that yeast strains significantly
influenced (p < 0.01) total free amino acid. The statistical
analysis showed that the total free amino acid in the wine
from free S. cerevisiae and immobilised S. cerevisiae had a
mean content of 42.47 mg/L and 39.58 mg/L respectively,
and that it was significant higher (p < 0.01) than that in the
wine from immobilised S. bayanus (34.46 mg/L) and free
S. bayanus (31.56 mg/L). The total free amino acid content
was higher in wine from free S. cerevisiae (57.68 mg/L) and
immobilised S. cerevisiae (57.45 mg/L). This situation could
be explained by the fact that S. cerevisiae accrued more
autolysis than S. bayanus. Bozdogan and Canbag (2011)
reported that the greatest total amino acids were found in
wines inoculated with S. cerevisiae yeast. Yokotsuka et al.
(1997) reported that there were no differences between wines
made with free and immobilised yeast in terms of free amino
acids. Martinez-Rodriquez et al. (2002) observed differences
between the free amino acids of wine made with free yeasts.

In the period between 0 and 20 days, aspartic acid,
glutamic acid, glutamine, threonine, arginine, GABA,
tyrosine, valine, methionine, isoleucine, tryptophan and
lysine decreased. The decrease in amino acids was due to
consumption by yeasts at this stage (Feulliat & Charpentier,
1982; Martinez-Rodriquez et al., 2002; Martinez-Rodriquez
& Polo, 2000). The presence of viable cells was high in wine
during this period of time. In the period between 20 and 365
days of ageing with yeast, there were significant differences
in the amino acids asparagine+tserine, glutamine, threonine,
alanine, arginine, GABA, tyrosine, ethanolamine, valine,
isoleucine and lysine, which increased, and glutamic acid,
histidine and leucine, which decreased.

The results showed that the amount of most free amino
acids and total free amino acids was significantly influenced
by ageing time (p < 0.01). It was observed that the total free
amino acid content decreased after 20 days of ripening and
re-increased until day 365.

The changes in free amino acids were not the same at
each stage of production. The increase in these compounds
may be associated with a physiological response to the lack
of nutrients in the presence of viable cells in the medium,
and also due to the autolysis process after the decline of
viable cells (Martinez-Rodriquez ef al., 2002; Hidalgo et al.,
2004). The decrease in these compounds can be explained
by deamination reactions of amino acids, or by participation
in the formation of different compounds (Feulliat &
Charpentier, 1982; Herraiz et al., 1993; Martinez-Rodriquez
et al., 2002).

Cluster analysis was carried out with the free amino
acids studied in sparkling wines. The results are given in
Fig. 1. Two main groups were obtained, one consisting of
365-day wines clearly separated from the rest of the wines,
and the other consisting of the majority of the wines grouped
according to ageing time. Martinez-Rodriquez ef al. (2002)
reported that there are groupings due to the yeast strain and
ageing time factor according to free amino acids.

S. Afr. J. Enol. Vitic., Vol. 33, No. 2, 2012
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Amino acids in peptides

Table 2 show the amount of amino acids in peptides in the
base wine and sparkling wines at different ageing times. The
tables show the results of the two-way analysis of variance.
Asx+Serin, Glx, threonine and leucine are the principal
amino acids in the base wine peptides. Acedo et al. (1994)
found that the major amino acids in peptides are glutamic
and aspartic acids, serine, glycine, alanine and lysine.
Moreno-Arribas et al. (1998) detected the major amino acids
in the peptides of base wine to be lysine, glycine, GABA,
proline, threonine, serine and Asx. Bozdogan and Canbag
(2011) reported that Asx+Serine, Glx, threonine and lysine
were the most abundant amino acids in peptides of base
wines of Emir.

The results of the ANOVA revealed that the amount of
amino acids in the peptides was not significantly influenced
by yeast strain. Only Asx+Serine, threonine, alanine, valine,
methionine, isoleucine and phenlyalanine were influenced
by the yeast strain. On the other hand, the ageing time factor
significantly affected the amount of amino acids in the
peptides, except for methionine.

Asx+Serine, Glx, alanine, tyrosine, leucine,
phenlyalanine and lysine decreased from the base wine to the
wine after 20 days. This may be explained by the consumption
of peptides by viable yeasts in an amino acid-deficient
medium at this stage (Moreno-Arribas et al., 1996; Hidalgo
et al., 2004). On the other hand, in the wines between 20 and
365 days of ageing with yeasts, Asx+Serine, GlIx, histidine,
alanine, tyrosine, phenylalanine and lysine increased. The
increase in peptides is associated with the yeast autolysis
process, during which the release of compounds from the
yeast and the breakdown of these compounds due to enzyme
activities occur during ageing (Feulliat & Charpentier, 1982;
Moreno-Arribas et al., 1996; Hidalgo ef al., 2004).

Cluster analysis was performed on the data of the amino
acids in the peptides of the wines. The resulting dendrograms
are shown in Fig. 2. Two main groups were obtained: 365-
day wines appear in one group, and the remaining wines
appear in the other group. Clusters were observed due to
the ageing time, but there were no clusters based on yeast
strain factor. Moreno-Arribas et al. (1998) detected that the
samples were grouped according to ageing time.
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FIGURE 1
Dendrogram of the 25 wine samples according to concentration (mg/L) of the free amino acids. (SBI = S. bayanus
immobilised cells, SBF = S. bayanus free cells, SCI = S. cerevisiae immobilised cells, SCF = S. cerevisiae free cells) .
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FIGURE 2
Dendrogram of the 25 wine samples according to concentration (mg/L) of the amino acids in peptides. (SBI = S. bayanus
immobilised cells, SBF = S. bayanus free cells, SCI = S. cerevisiae immobilised cells, SCF = S. cerevisiae free cells) .

CONCLUSIONS

The results show that the amount of free amino acids and
amino acids in the peptides of wine samples are influenced
significantly by ageing time on yeast. The changes in free
amino acids and amino acids in peptides are not the same at
each stage of production. The yeast strain was affected by
the amount of free amino acids in the wines The total free
amino acids in the wines made with S. cerevisiae were higher
than in wines made with S. bayanus. Significant differences
in free amino acids and peptides content were not found
between the free and immobilised yeasts used.
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