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Abstract - The ability of three Saccharomyces cerevisiae strains, with different colour adsorption aptitude, to induce and maintain
colour differences in wines obtained from the Calabrian Gaglioppo and Magliocco black grape varieties was studied during one year
of aging. The evolution of wine tannin content was also considered. Total polyphenols, colour parameters and total tannin values
exhibited, both for Gaglioppo and Magliocco wines, significant (P < 0.05) or highly significant (P < 0.01) differences among strains.
It is interesting to note that yeasts appear to exhibit a different adsorption aptitude for anthocyanins and tannins. The strain that
gave wine with high values for the colour parameters was not the same as the one that produced wine with high values of tan-
nins. The obtained results suggest that the choice of yeast strain in winemaking affects, in a significant way, the phenolic compo-
sition of wines with direct consequences on their colour and tannin content. Moreover, the interaction between grape cultivar and
yeast is close and important, because grape variety, due to its phenolic composition, modulates yeast strain adsorption activity.
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INTRODUCTION

Phenolic compounds play an important role in red wine sen-
sory characteristics, particularly concerning colour and
taste (Somers, 1971; Arnold et al., 1980). Wine colour is
determined mainly by the content and composition of
anthocyanin in black grapes and is an important quality
parameter. Anthocyanins also determine wine mouthfeel
and astringency, as does tannin content and composition.
Both of these phenolic compounds are modified during
aging; tannin polymerisation and anthocyanin and tannin
condensation take place, thus determining production of
phenolic compounds of higher molecular weight. This phe-
nomenon stabilizes wine colour (Ribéreau-Gayon et al.,
1998; Pérez-Lamela et al., 2007), improves sensory char-
acteristics and increases antioxidant effects (Rice-Evans et
al., 1997; Netzel et al., 2003).

Anthocyanin and tannin profiles are peculiar attributes
of each grape variety and determine, together with other
factors, the production of wine with different sensory char-
acteristics and evolution during aging.

Wine yeasts play an important role in wine colour, since
they are able to affect it in different ways (Castino, 1982;
Conterno et al., 1997). They can influence wine colour tint
and intensity during winemaking by different mechanisms:
anthocyanin adsorption on cell walls (Vasserot et al.,
1997); enzymatic hydrolysis of anthocyanin-3-0-gluco-
sides (Delcroix et al., 1994; Ortega et al., 2003); SO, pro-
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duction (Fornachon, 1968; Eschenbruch, 1974); accumula-
tion of secondary metabolites such as pyruvic acid and
acetaldehyde (Dallas et al., 1996; Fulcrand et al., 1998);
protection against browning (Merida et al., 2005); combi-
nation between anthocyanins and mannoproteins (Ferrari
et al., 1997; Escot et al., 2001; Caridi, 2006).

The yeast adsorption activity during alcoholic fermenta-
tion has important consequences for wine quality because
of the amount of pigment removed (Mazauric and Salmon,
2005). Therefore, a simple and quick Petri plate method
was developed that permits yeast biomass colour to be
evaluated (Caridi et al., 2002). Moreover, the enclogical
trait wine colour adsorption (WCA) was recently defined as
an inheritable and polygenic character in yeasts (Caridi et
al., 2007).

Significant differences in colour, polyphenolic index and
anthocyanins have been reported for wines fermented with
different yeast strains (Cuinier 1988; Dumont et al., 1993;
Morata et al., 2003a; Caridi et al., 2004; Medina et al.,
2005; Morata et al., 2005). However, other authors have
hypothesized that anthocyanin derivatives are not directly
correlated to yeast adsorption activity (Eglinton et al.,
2004) and that wine colour modifications depend on the
time of wine aging (Hernandez et al., 2006).

So far, only two papers have described the yeast’s abil-
ity to adsorb tannins on cell walls and their preference
towards polar condensed tannins (Mazauric and Salmon,
2005; Salmon, 2006).

The aim of the present work was to validate the role
played by selected wine yeasts in the evolution of colour
and tannin differences during wine aging.
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MATERIALS AND METHODS

Microorganisms. The study was carried out using three
strains of Saccharomyces cerevisiae - Sc226, Sc2489, and
Sc2717 - belonging to our yeast collection. They were
selected for their main enological traits, in particular, for
biomass colour on a medium made with grape skins:
strains Sc226 and Sc2717 are characterised by low antho-
cyanin adsorption, while strain Sc2489 is characterised by
medium anthocyanin adsorption (Rizzo et al., 2006).

Grape varieties and winemaking trials. The Calabrian
Gaglioppo and Magliocco black grape (Vitis vinifera L.) vari-
eties, respectively characterised by low and high content in
phenolic compounds were used. In autumn 2005,
Gaglioppo winemaking was performed at the Malaspina
winery (Melito Porto Salvo, RC, Italy) and Magliocco wine-
making at the Caparello winery (Lametia Terme, CZ, Italy).
Using the conventional technology for red winemaking,
grapes were harvested at optimal maturity, destemmed
and crushed. After the addition of potassium metabisul-
phite, to achieve an SO, concentration of 23 ppm
(Gaglioppo) and 15 ppm (Magliocco), each must was divid-
ed in three lots and inoculated with 5% of 48-h precultures
of the three strains. Fermentation caps were punched down
three times per day. After seven (Gaglioppo) and five
(Magliocco) days of maceration, samples were pressed,
separated from grape pomace and barrelled to complete
alcoholic fermentation. In all cases, the malolactic fermen-
tation was spontaneous and fully finished, which was facil-
itated by the low levels of SO, used. The wines were sub-
sequently bottled and stored in the dark.

Wine analyses. Ethanol production was determined at the
end of winemaking using standard methods (Ough and
Amerine, 1988).

Colour parameters were determined after four, eight
and 12 months of wine aging. Wines were centrifuged at
4500 rpm for 5 min and diluted 1:2 (v/v) and 1:5 (v/v) for
Gaglioppo and Magliocco cultivars, respectively, with a pH
3.5 buffer (citric acid monohydrate 0.1 M, Na,HPO, 0.2 M).
The absorbance was read using an Anadeol spectropho-
tometer (Bibby Sterilin Ltd). The colour intensity was given
by the sum of the absorbance at 420, 520, and 620 nm;
the colour tint was expressed by the ratio of the
absorbance at 420 nm and 520 nm.

The total polyphenol content was determined after four
months of wine aging using the Folin-Ciocalteu Index
according to Singleton and Rossi (1965).

The determination of wine tannins, expressed as g/L of
total tannins, was performed at the end of fermentation
and after 12 months of wine aging using a Lambda2 spec-
trophotometer (Perkin-Elmer). Two solutions containing 50
pL of wine, 3 mL of distilled water and 3 mL of chloridric
acid 12 N were prepared. One solution was treated at 100
°C for 30 min while the other was left at room temperature.
Five hundred pL of 95% ethanol were added to each solu-
tion and the absorbance was read at 470, 520, and 570 nm
(Ribéreau-Gayon et al., 1998).

All the analyses were performed in triplicate; data were
subjected to statistical analysis using StatGraphics
Centurion XV for Windows XP from StatPoint.

RESULTS AND DISCUSSION

Wines obtained from the Gaglioppo cultivar showed lower
ethanol content than those from the Magliocco cultivar. The
former wines showed an ethanol content of 12.60% (v/v)
for strain Sc226 and 13.20% (v/v) for strains Sc2489 and
Sc2717; the latter wines exhibited an ethanol content of
14.60, 14.80 and 13.90% (v/v) for strains Sc226, Sc2489
and Sc2717, respectively.

Table 1 shows mean values, standard deviations and
significant differences of the colour parameters during
aging of Gaglioppo wines obtained with the three different
yeast strains.

Strains Sc2717 and Sc2489 produced wines with higher
values of colour parameters than those produced with strain
Sc226; moreover, during aging these differences were
maintained. The 420 nm parameter increased during wine
aging for all the strains; however, strain Sc226 exhibited the
lowest values and, consequently, seems to be able to pro-
tect wine against an increase in yellow tones. The 520 nm
and 620 nm parameters also increased during aging; strains
Sc2489 and Sc2717 gave higher values, showing the ability
to protect the red and blue tones of wines.

Table 2 shows mean values, standard deviations and
significant differences of the colour parameters during
aging of Magliocco wines obtained with the three different
yeast strains.

After four months of wine aging, strain Sc2489 produced
wine with the highest values of colour parameters, whereas
after eight and 12 months of aging, strain Sc226 exhibited
the highest values. Therefore, this second strain showed the
best ability to protect Magliocco colour during wine aging.
The 420 nm parameter decreased during aging for all the
wines, reporting the lowest value for strain Sc2717. The 520
nm parameter decreased for all the wines, showing the
highest value for strain Sc226. The 620 nm parameter
decreased in the same way for all the strains.

Overall, Magliocco wines exhibited higher colour inten-
sity values than Gaglioppo wines, due to the cultivar char-
acteristics. Moreover, while strain Sc226 maintained the
highest value of colour intensity for Magliocco wine after 12
months of aging, a similar activity was observed with
strains Sc2489 and Sc2717 for Gaglioppo after 12 months
of aging. For both Gaglioppo and Magliocco wines, signifi-
cant (P < 0.05) or highly significant (P < 0.01) differences
among strains were found. Gaglioppo wines (Table 1)
maintained significant or highly significant differences
among strains for the different colour parameters until the
end of the trial. Similarly, Magliocco wines (Table 2) main-
tained significant or highly significant differences among
strains only until eight months of aging; after 12 months of
aging significant differences were limited to 520 nm, inten-
sity and tint parameters. It is interesting to note that the
data highlight a different behaviour of the three yeast
strains, based on the grape variety; the strain that deter-
mined a more strongly coloured wine was not the same for
the two grape varieties considered. This observation sug-
gests that the grape variety, due to its phenolic composi-
tion, modulates yeast strain adsorption activity.

Table 3 reports, for Gaglioppo and Magliocco varieties,
mean values, standard deviations and significant differ-
ences of the Folin-Ciocalteu Index and total tannins meas-
ured after four and twelve months of wine aging, respec-
tively.
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TABLE 1 - Mean values, standard deviations and significant differences among yeast strains regarding Gaglioppo colour parameters
during wine aging

Time Strain Colour parameters

(months) 420 nm 520 nm 620 nm Intensity Tint

4 Sc226 1.68 + 0.03? 1.34 £ 0.022 0.38 £ 0.03 3.40 £ 0.062 1.26 + 0.03
Sc2489 2.03 4 0.03° 1.73 + 0.02° 0.44 + 0.03 4.20 + 0.08° 1.18 + 0.012
Sc2717 2.03 £ 0.01° 1.73 + 0.02 0.44 + 0.03 4.20 % 0.04° 1.18 + 0.022

8 Sc226 1.93 + 0.002 1.67 + 0.01A 0.36 + 0.00 3,97 + 0.00A 1.15 # 0.01°
Sc2489 2.24 % 0.02° 2.08 £ 0.01€ 0.39 + 0.01° 4.71 + 0.02€ 1.08 + 0,002
Sc2717 1.92 4 0.022 1.79 + 0.008 0.37 % 0.0120 4.08 + 0.018 1.08  0.012

12 Sc226 2.04  0.00A 1.54 + 0.00A 0.38 % 0.00° 3.96 + 0.01A 1.32 + 0.00€
Sc2489 2.39  0.018 1.85 + 0.028 0.41 % 0.02° 4.65 + 0.058 1.29 + 0.008
Sc2717 2.47 £ 0.01€ 1.95  0.01€ 0.44 % 0.01¢ 4.85 + 0.03C 1.27 + 0.00°

Significant (P < 0.05) or highly significant (P < 0.01) differences according to LSD are indicated, in the same column, by small and
capital letters, respectively.

TABLE 2 - Mean values, standard deviations and significant differences among yeast strains regarding Magliocco colour parameters
during wine aging

Time Strain Colour parameters

(months) 420 nm 520 nm 620 nm Intensity Tint

4 Sc226 2.47 + 0.038 3.73 £+ 0.08° 0.74 £ 0.07 6.94 £ 0.16P 0.66 = 0.012
Sc2489 2.64 + 0.04C 3.75 + 0.04° 0.82 £ 0.06 7.21 £ 0.12° 0.70 + 0.01b
Sc2717 2.29 + 0.05~ 3.36 £ 0.032 0.68 £ 0.09 6.33 £ 0.162 0.68 + 0.0123b

8 Sc226 2.29 + 0.02° 3.62 + 0.02¢ 0.73 £ 0.02¢ 6.63 = 0.05P 0.63 £ 0.002
Sc2489 2.18 £ 0.042 3.26 + 0.03A 0.61 £ 0.022 6.05 £ 0.072 0.67 + 0.01P
Sc2717 2.16 £ 0.022 3.35 + 0.028 0.67 + 0.04> 6.18 £ 0.072 0.64 £ 0.002

12 Sc226 2.33 £ 0.00 3.10 £ 0.02b 0.67 £ 0.01 6.10 £ 0.01b 0.75 £ 0.012
Sc2489 2.31 £ 0.06 2.89 £ 0.052 0.65 £ 0.03 5.84 £ 0.142 0.80 £ 0.01¢
Sc2717 2.24 £ 0.04 2.91 + 0.022 0.64 £ 0.02 5.78 £ 0.072 0.77 £ 0.010

Significant (P < 0.05) or highly significant (P < 0.01) differences according to LSD are indicated, in the same column, by small and

capital letters, respectively.

The highest values of the Folin-Ciocalteu Index were
determined by strains Sc2717 and Sc2489 in Gaglioppo
and Magliocco wine, respectively. All strains produced dif-
ferent polyphenol content and their behaviour was clearly
related to the grape variety. Significant differences were
observed for all the strains.

At the end of fermentation the tannin content of the
Magliocco wines was 1.17, 0.97 and 1.07 for strains Sc226,
Sc2489 and Sc2717, respectively. For Gaglioppo wines, the
tannin content was 1.85, 1.36 and 1.33, respectively. It is
evident that after 12 months of aging (Table 3) there was
a strong increase of the tannin content values, due to poly-
merisation and condensation reactions. For Gaglioppo
wines, strain Sc2717 showed the highest value of total tan-
nins followed by strains Sc226 and Sc2489, while for
Magliocco wines, strain Sc226 showed the highest value of
total tannins followed by strains Sc2489 and Sc2717.
Significant differences were observed between strains for
Magliocco wines, but not for Gaglioppo.

It is interesting to note that yeasts appear to exhibit a
different adsorption aptitude between anthocyanins and
tannins. The strain that gave wine with high values for the
colour parameters was not the same as the one that pro-
duced wine with high values of tannins.

Although these analytical characteristics may be affect-
ed by spontaneous malolactic fermentation, in our opinion,
this is improbable because, taking into account the impor-
tant effects of the interaction, ranging from inhibitory to
stimulatory, between the yeast strains used to conduct
alcoholic fermentation and lactic acid bacteria (Alexandre et
al., 2004), it is possible to affirm that the tested yeast
strains strongly influenced the proceeding of the malolactic
fermentation in different ways.

It is well known that colour and phenolic content of
wines are influenced by yeasts, not only by their WCA trait,
but also by a variety of factors, as previously stated, that
can be present in each strain to a different level, and inde-
pendent of their WCA trait. Consequently, it is possible to
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TABLE 3 - Mean values, standard deviations and significant differences of the Folin-Ciocalteu Index and total
tannins measured after four and 12 months of aging, respectively, in Gaglioppo and Magliocco

wines
Yeast Folin-Ciocalteu Index (mg/L) Total tannins (g/L)
Gaglioppo Magliocco Gaglioppo Magliocco
Sc226 60.33 + 0.552 36.17 £ 0.4220 3.68 £ 0.152 2.00 £ 0.08
Sc2489 66.13 £ 0.21° 36.27 £ 0.57° 3.51 + 0.542 1.88 + 0.092®
Sc2717 67.07 £ 1.42° 35.30 £ 0.362 3.73 £ 0.402 1.78 + 0.082

Significant (P < 0.05) differences according to LSD are indicated, in the same column, by small letters.

find two strains with a very similar WCA aptitude but pro-
ducing different colour and phenolic content, and vice versa
(Caridi et al., 2007).

Wines of each variety obtained with the three yeast
strains had diverse chromatic profiles, total polyphenol and
tannin contents, showing a different evolution of these
parameters. It is important to notice that these differences
were exclusively due to the yeast strain used, since this
was the only variable in the present experimental design.

These results allow us to assert that the interaction
between grape cultivar and yeast is closer and more impor-
tant than was believed until now. Therefore, our findings
confirm that the choice of yeast strain in winemaking sig-
nificantly affects the phenolic composition of wines with
direct consequences on their colour and tannin content.

It is, therefore, possible to propose the selection of
yeast strains able to fully exploit grape cultivar character-
istics.

Acknowledgements

The authors gratefully thank the “Azienda Vinicola
Malaspina Consolato” and the “Azienda Agricola Caparello
Raffaele” for their kind collaboration and participation in
this study.

REFERENCES

Alexandre H., Costello P.)., Remize F., Guzzo J., Guilloux-
Benatier M. (2004). Saccharomyces cerevisiae - Oenococcus
oeni interactions in wine: current knowledge and perspec-
tives. Int. J. Food Microbiol., 93: 141-154.

Arnold R.A., Noble A.C., Singleton V.L. (1980). Bitterness and
astringency of phenolics fraction in wine. J. Agric. Food
Chem., 28: 675-678.

Caridi A., Cufari A., Ramondino D. (2002). Isolation and clonal
pre-selection of enological Saccharomyces. 1. Gen. Appl.
Microbiol., 48: 261-268.

Caridi A., Cufari A,, Lovino R., Palumbo R., Tedesco I. (2004).
Influence of yeast on polyphenol composition of wine. Food
Technol. Biotechnol., 42: 37-40.

Caridi A. (2006). Enological functions of parietal yeast manno-
proteins. Anton. Van Leeuw., 89: 417-422.

Caridi A., Sidari R., Solieri L., Cufari A., Giudici P. (2007). Wine
colour adsorption phenotype: an inheritable quantitative trait
loci of yeasts. J. Appl. Microbiol., DOI: 10.1111/j.1365-
2672.2007.03301.x, pp.8.

Castino M. (1982). Lieviti e polifenoli. Riv. Vitic. Enol., 34: 333-
348.

Conterno L., Tortia C., Minati J.L., Trioli G. (1997). Lievito e
polifenoli. Vignevini, 24: 29-33.

Cuinier C. (1988). Influence des levures sur les composés
phénoliques du vin. Bull. OIV, 689-690: 596-601.

Dallas C., Ricardo-da-Silva J.M., Laureano O. (1996).
Interactions of oligomeric procyanidins in model wine solu-
tions containing malvidin-3-glucoside and acetaldehyde. J.
Sci. Food Agric., 70: 493-500.

Delcroix A., Gunata Z., Sapis J.C., Salmon J.M., Bayonove C.
(1994). Glycosidase activities of three enological yeast
strains during winemaking: effect on the terpenol content of
muscat wine. Am. J. Enol. Vitic., 45: 291-296.

Dumont A., Watson B.T., McDaniel M.R., Prince S.F. (1993).
Evaluation of the effects of commercial yeast strains on the
composition, aroma, and flavor of Pinot noir. Abstr. Am. J.
Enol. Vitic., 44: 355.

Eglinton J., Griesser M., Henschke P., Kwiatkowski M., Parker M.,
Herderich M. (2004). Yeast-mediated formation of pigment-
ed polymers in red wine. In: Waterhouse A.L., Kennedy 1.A.,
Eds, Red Wine Color: Exploring the Mysteries, American
Chemical Society, Washington, pp. 7-21.

Escot S.M., Feuillat L.D., Charpentier C. (2001). Release of poly-
saccharides by yeasts and the influence of released polysac-
charides on colour stability and wine astringency. Aust. 1.
Grape Wine Res., 7: 153-159.

Eschenbruch R. (1974). Sulfite and sulfide formation during
winemaking-a review. Am. J. Enol. Vitic., 25: 157-161.

Ferrari S., Gheri A., Rosi 1., Trioli G. (1997). Polisaccaridi del
lievito e polifenoli. Vignevini, 24: 43-45.

Fornachon J.C.M. (1968). Influence of different yeasts on the
growth of lactic acid bacteria in wine. J. Sci. Food Agr., 19:
374-378.

Fulcrand H., Benabdeljalil C., Rigaud J., Cheynier V., Moutounet
M. (1998). A new class of wine pigments generated by reac-
tion between pyruvic acid and grape anthocyanins.
Phytochemistry, 47: 1401-1407.

Hernandez T., Estrella 1., Carlavilla D., Martin-Alvarez P.).,
Moreno-Arribas M.V. (2006). Phenolic compounds in red
wine subjected to industrial malolactic fermentation and age-
ing on lees. Anal. Chim. Acta, 563: 116-125.

Mazauric J.P., Salmon J.M. (2005). Interactions between yeast
lees and wine polyphenols during simulation of wine aging:
1. Analysis of remnant polyphenolic compounds in the result-
ing wines. ). Agric. Food Chem., 53: 5647-5653.

Medina K., Boido E., Dellacassa E., Carrau F. (2005). Yeast inter-
actions with anthocyanins during red wine fermentation. Am.
1. Enol. Vitic., 56: 104-109.

Merida J., Lopez-Toledano A., Marquez T., Millan C., Ortega J.M.,
Medina M. (2005). Retention of browning compounds by
yeasts involved in the winemaking of sherry type wines.
Biotechnol. Lett., 27: 1565-1570.

Morata A., Gomez-Cordovés M.C., Suberviola J., Bartolomé B.,
Colomeo B., Suarez ].A. (2003a). Adsorption of anthocyanins
by yeast cell walls during the fermentation of red wines. J.
Agric. Food Chem., 51: 4084-4088.



[

Ann. Microbiol., 57 (2), 197-201 (2007)

201

Morata A., Gomez-Cordovés M.C., Colomo B., Suarez J.A.
(2005). Cell wall anthocyanin adsorption by different
Saccharomyces strains during the fermentation of Vitis
vinifera L. cv. Graciano grapes. Eur. Food Res. Technol., 220:
341-346.

Netzel M., Strass G., Bitsch I., Kénitz R., Christmann M., Bitsch
R. (2003). Effect of grape processing on selected antioxidant
phenolics in red wine. J. Food Eng., 56: 223-228.

Ortega A.F., Lopez Toledano A., Mayén M., Mérida J., Medina M.
(2003). Changes in colour and phenolic compounds during
oxidative aging of sherry white wine. Food Chem. Toxicol.,
68: 2461-2468.

Ough C.S., Amerine M.A. (1988). Methods for Analysis of Musts
and Wines. John Wiley and Sons, New York.

Pérez-Lamela C., Garcia-Falcon M.S., Simal-Gandara J., Orriols-
Fernandez 1. (2007). Influence of grape variety, vine system
and enological treatments on the colour stability of young red
wines. Food Chem., 101: 601-606.

Ribéreau-Gayon P., Glories Y., Maujean A., Dubourdieu D.
(1998). Traité d'cenologie. 2. Chemie du vin - Stabilisation et
traitements, Dunod, Paris.

Rice-Evans C.A., Miller N.J., Paganga G. (1997). Antioxidant
properties of phenolic compounds. Reviews. Trends Plant
Sci., 2: 152-159.

Rizzo M., Ventrice D., Varone M.A., Sidari R., Caridi A. (2006).
HPLC determination of phenolics adsorbed on yeasts. J.
Pharmaceut. Biomed., 42: 46-55.

Salmon J.M. (2006). Interaction between yeast, oxygen and
polyphenols during alcoholic fermentations: practical impli-
cations. LWT-Food Sci. Technol., 39: 959-965.

Singleton S.L., Rossi J.A. (1965). Colorimetry of total phenoclics
with phosphomolybdic-phosphotungstic acid reagents. Am.
1. Enol. Vitic., 16: 144-158.

Somers T.C. (1971). The polymeric nature of wine pigment.
Phytochemistry, 10: 2175-2186.

Vasserot Y., Caillet S., Maujean A. (1997). Study of anthocyanin
adsorption by yeast lees: Effect of some physicochemical
parameters. Am. J. Enol. Vitic., 48: 433-437.



