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Metabolic activity and interactions between two strains, Saccharomyces
cerevisiae v.f. bayanus (SBC2) and Saccharomyces cerevisiae r.f. uvarum (S6u),
in pure and mixed culture fermentations

S. FavaLE, P. PIETROMARCHI and G. CIOLFI

C.R.A. - Istituto Sperimentale per I’Enologia S.O.P. Velletri, Velletri (RM), Italy

Summary

We have studied the metabolic activity of and in-
teractions between two strains of Saccharomyces cer-
evisiae r.f. bayanus (SBC2) and Saccharomyces cerevi-
siae r.f. uvarum (S6u), fermenting in a synthetic must
medium in pure culture, co-inoculation and sequential
inoculation. The second strain was added with or with-
out sterile filtration. We monitored the rate of fermen-
tation; at the end, total and viable cells, percentage of
each strain, alcohol, volatile acidity, total sulphur di-
oxide, glycerol, acetaldehyde and volatile compounds
were determined. The rate of alcohol production was
different during fermentation: at the onset, S6u was
faster than SBC2, while lateron it was inverse. When
fermentation was stopped simultaneously, S6u showed
the highest total cell number when grown in pure cul-
ture and the highest percentage of viable cells in mixed
culture fermentation. Moreover, S6u produced low
amounts of alcohol, but more glycerol and volatile
compounds (i.e. 2-phenylethanol, acetates, ethyl esters,
and fatty acids) than SBC2. The co-inoculated and the
sequentially inoculated sample, in which S6u was the
first strain, gave values similar to the pure S6u culture.
Hence, we conclude that S6u prevails over SBC2 when
both strains ferment in a medium. It seems that sequen-
tial inoculation of SBC2 as the second strain is of ad-
vantage only with regard to the relatively fast ethanol
production.

Key words: co-inoculation, sequential inoculation,
Saccharomyces cerevisiae r.f. uvarum, Saccharomyces cerevisiae
r.f. bayanus, yeast interactions.

Introduction

Alcoholic fermentation of must may occur spontane-
ously by indigenous yeasts or by starter cultures of selected
strains. The latter allows to minimize possible risks of stuck
or sluggish fermentation and to obtain wine with specific
characteristics (RomaNo et al. 2003, ViLanova et al. 2005).
Some authors studied the indigenous flora in relation to
species identification, their sequential growth pattern and
metabolic activity with particular attention to secondary
metabolites which sometimes are not desirable (PLATA ef al.

2003, Romano et al. 2003, NikorLaou et al. 2006). In the
early stages of fermentation the dominant species are non-
Saccharomyces yeasts, i.e. Metschnikowia, Candida and
Kloeckera spp. When alcoholic concentration increases
Saccharomyces are prevalent (ComBINA et al. 2005). Over
the last few years many yeast strains have been isolated and
their oenological behaviour is subject of biotechnological
research, as well as of breeding and genetic manipulation
(CunHa et al. 2006, MaRULLO et al. 2006). There are many
yeast strains available with different oenological character-
istics; moreover inoculation of mixed or pure yeast strains
to control the fermentation process has become popular.
Although microbiological interactions among yeast spe-
cies during fermentation have been described (ZOHRE et al.
2002, FLeeT 2003, JEMEC and Raspor 2005, GARDE-CERDAN
and ANcIN AzpiLICUETA 2006, Xu ef al. 2006), only few au-
thors have studied the interactions between two or more
different yeast strains of oenological interest (CHERAITI
et al. 2005, HoweLL et al. 2005). Thus, we studied the
metabolic activity and some interactions between two
strains, Saccharomyces cerevisiae r.f. bayanus (SBC2) and
Saccharomyces cerevisiae t.f. uvarum (Sé6u), by analyzing
their oenological behaviour, i.e. the production of second-
ary metabolites, during fermentation of a synthetic must
medium by pure or mixed culture, with co-inoculation or
sequential inoculation.

Material and Methods

We used a synthetic medium for fermentations with the
following composition per liter: Na,MoO, 2H,0 200 ug;
ZnS0O, 7TH,0 400 ug; CuSO, 5 H,0 40 pg; H,BO, 500 pg;
KI100 pg; FeCl, 6H,0 400 pg; MnSO, H,0 400 ug; NiCl,
6 H,0 400 pg; K,Cr,0, 20 pg; CaCl, 0.1 g; NaCl 0.1 g;
KH,PO, 1 g MgSO, 7TH,0 0.5 g; (NH,),SO, 0.944 g;
(NH,),HPO, 0.943 g; tartaric acid 3 g; sucrose 220 g; yeast
extract 0.5 g; KOH to adjust pH to 3.2, pyridoxine hydro-
chloride 40 pg; thiamine hydrochloride 40 pg; myo-inosi-
tol 2 mg; biotin 20 pg; D-pantothenic acid calcium salt
400 pg; nicotinamide 40 pg; p-aminobenzoic acid 20 pg.

Thirty litres of the synthetic medium were sterilized
with membrane filter (0.2 um), and put in 14 sterile 2 1
bottles that were used for fermentation. The rest of the me-
dium was employed to start the culture growth in Erlen-
meyer flasks at room temperature (about 20 °C). We used
two strains of the yeast collection of C.R.A. Istituto Speri-
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mentale per I’Enologia di Velletri (RM): Saccharomyces
cerevisiae t.f. uvarum (S6u) and Saccharomyces cerevisiae
r.f. bayanus (SBC2) (nomenclature according to YARROW
1984).

The predominant oenological characteristics of the two
strains are as follows: S6u, high capacity to ferment at low
temperature (> 5 °C), alcoholic power about 15 % v/v, high
production of glycerol and floral aromas (2-phenyletha-
nol), low production of acetaldehyde, volatile acidity and
sulphurous compounds, good production of succinic acid
(CroLrr 1994); SBC2, high alcohol resistance, low produc-
tion of H,S and SO,, high resistance to added sulphur di-
oxide (sulphites), optimal fermentation temperature 25 °C,
normal production of acetic esters and fatty acids, a suc-
cessful strain to ferment both, white and red musts (CioLF1
et al. 2002).

We performed 7 fermentation trials in double which
differed by the way of inoculation, as indicated in Tab. 1. A
volume of pure starter culture, grown on the same synthetic
medium, was inoculated to have a final concentration of
2 x 10° cells ml! for the first inoculation and co-inocula-
tion, and 4 x 10° cells ml™! for the second inoculation. Fer-
mentation temperature was 20 °C; the loss of CO, was daily
monitored by weighing the sample. We stopped fermenta-
tions at the same time except for the two samples filtered
before the second inoculation. On that date, we evaluated
the number of total and viable cells by direct light micro-
scopy and for samples with both yeasts their relative per-
centage was determined by the raffinose fermentation test,
after isolation of the pure culture on a solid agar medium
(DELFINT 1995).

The following analyses were performed: alcohol, vola-
tile acidity and total sulphur dioxide according to official
methods (GAZZETTA UFFICIALE DELL’UNIONE EUROPEA 1990);
glycerol and acetaldehyde by enzymatic methods (analyti-
cal kit, Chema Italia). Volatile compounds were extracted
and determined by GC analysis as proposed by GiaNOTTI
et al. (1991) using a Thermoquest-GC8000; detector:
FID; helium flow: 2.5 ml min'; column: HP-FFAP 50 m
x 0.320 mm x 0.52 pum; injection temperature: 220 °C;
oven temperature: 45 °C held for 5 min, then 2 °C min™' to
220 °C; detector temperature: 245 °C.

Data were processed by analysis of variance (ANO-
VA) and least significant differences test (LSD) with the
software STATISTICA 5.1 (StatSorTt ItALIA 1997).

Results and Discussion

Fermentation kinetics are expressed as volumetric
percentage of alcohol produced per unit time, determined
by weight losses due to CO, production (Figure). In the
first hours the rate of fermentation was higher in samples
containing the yeast S6u, both pure and mixed culture
(50%S6uSBC2), than in SBC2 pure culture ones, produc-
ing about 4.5 vol. % of alcohol, 212 h and 236 h after in-
oculation, respectively. Then the second inoculation was
started. The rate of fermentation was higher when SBC2
was inoculated first.
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Figure: Alcohol production during days of fermentation (mean
values and standard deviations).

Table 1

List of samples

Marks Way of inoculation

S6u Pure culture S6u

SBC2 Pure culture SBC2

S6u-F-SBC2 I*t inoculation S6u; sterile filtration 0.45 um, 2™ inoculation SBC2
SBC2-F-S6u I*t inoculation SBC2; sterile filtration 0.45 pum, 2™ inoculation S6u
50%S6uSBC2 Co-inoculation with 50 % of each strain

S6u-SBC2 1% inoculation S6u; 2™ inoculation SBC2

SBC2-S6u 1* inoculation SBC2; 2" inoculation Séu

All the 2™ inoculation were made when alcohol was about 4.5 % v/v.



Metabolic activity and interactions between two strains 41

In fact, in the early stage of fermentation, while each
strain was still alone in culture, the difference in alcohol
production between S6u and SBC2 was 0.5 vol. % after
48 h; it was 1 vol. % before the second inoculation, S6u
producing more alcohol. The opposite occurred after 684 h,
when the alcohol was the same in the two pure cultures; at
the end of fermentation it was still higher in SBC2 samples
(about 1 vol.%).

Since we stopped fermentation at the same time, ex-
cept for the filtered samples before the second inoculation,
and because of the major rate of fermentation of SBC2 in
the final stages, pure culture S6u had the lowest amounts of
ethanol, while 50%S6uSBC2 was medium.

After sterile filtration the samples of the second inocu-
lation had the lowest rate of alcohol production, which was
expected, because we neither made a very strong inocula-
tion nor added any nutrient; 5 months after the start, when
we stopped the fermentations, the production of alcohol
was 7.48+0.13 vol. % (S6u-F-SBC2) and 8.29+0.37 vol. %
(SBC2-F-S6u).

At the end of our trial, we determined the number of
total and viable cells (Tab. 2). In the first inoculation we
had 2 x 10° cells ml" in each sample; thus S6u showed a
greater growth than SBC2 (47 +£1.40 x 10° cells ml"!' and
29 + 0.88 x 10° cells ml!, respectively). In the samples
where both strains fermented together from the start and
after the second inoculation (addition of 4 x 10° cell mI-
1, the total cell number was less than pure S6u culture.
In samples, where fermentation took place with the two
yeast strains in sequence by inoculating the second strain
after sterile filtration, total cell number was 8 + 0.94 x 10°
cells ml'' (S6u-F-SBC2) and 5 +0.27 x 10° cells ml!
(SBC2-F-S6u). Thus, under conditions, where the medium
was previously modified by the other strain, even if the
alcohol was the same, initial SBC2 growth was higher than
that of S6u. Similarly this tendency has been observed in
samples where the strains were added by a second inocula-
tion without filtering (S6u-SBC2 and SBC2-S6u). Besides,
both strains inoculated after filtration, but without any ad-
dition of nutrients, only survived in the modified medium.

Table 2

Total and viable cells after fermentation (10° cells ml ™)

Samples Total cells Viable cells

S6u 47.03 £ 1.40 30.50 £ 1.12
SBC2 29.38 £ 0.88 11.84 = 1.71
S6u-F-SBC2 8.67 + 0.94 047 + 0.15
SBC2-F-S6u 526 + 0.27 0.21 = 0.06
50%S6uSBC2 31.30 +£ 538 16.61 + 2.64
S6u-SBC2 39.27 £ 0.59 15.52 + 1.86
SBC2-S6u 3479 + 4.71 6.67 = 0.96

The percentage of the two strains in the samples fer-
mented together is shown in Tab. 3. The number of S6u
viable cells prevailed over that of SBC2: mean values are
always higher than 60 %. It seems that the percentage of
Sé6u is lower when the strain is added later rather than when
it is first inoculated. Besides, the percentage of S6u was
higher in 50%S6uSBC2.

Table 3

Percentage of viable cells of the two strains after mixed

fermentations
Samples S6u  SBC2 Standard
mean mean deviation
50%S6uSBC2 92.5 7.5 10.6
S6u-SBC2 725 27.5 38.9
SBC2-S6u 65.0 35.0 354

The mean values, standard deviations and statistical
estimations of analytical determinations we made after
stopping fermentation are summarized in Tab. 4. S6u was
the best producer of glycerol and volatile compounds, with
the peculiar production of 2-phenylethanol, both in pure
and in mixed culture when it was used as first inoculation.
It is well known from literature that Sé6u is a good producer
of secondary metabolites. Amounts of glycerol are always
higher than with pure SBC2 culture fermentation; a lower
content was observed in the SBC2-S6u sample. This low
value with regard to S6u but high value with regard to pure
SBC2 culture may be explained by the evidence that the
major production of glycerol occurs in the early phase of
fermentation. Besides, the glycerol content of SBC2-S6u
was lower than that of SBC2-F-S6u, too. Thus, it seems
that S6u produces more glycerol when added after remov-
ing the first strain than together with it.

2-phenylethanol is produced at high concentration by
S6u and together with glycerol, under our experimental
conditions, may be used as marker of it. It is interesting to
note that in all samples containing the S6u strain the pro-
duction of both, glycerol and 2-phenylethanol, was higher
than with the pure SBC2 culture, but it was lower when
S6u was inoculated as the second strain. Thus, we can as-
sume that by inoculating S6u after SBC2 started fermen-
tation these compounds increased only slightly, while we
noted higher values compared to pure SBC2 culture in the
sample S6u-F-SBC2; this is in agreement with the results
of the other samples where S6u was inoculated first.

The same considerations are suitable for the other sec-
ondary metabolites, i.e. acetates, ethyl esters, fatty acids.
The high production of 2-phenylethanol, isoamyl alcohol,
as well as fatty acid, is correlated with their esters, acetates
and ethyl ones, which are higher when S6u has started fer-
mentation. Usually the acetate:acetic acid and ethyl esters:
fatty acid ratios are considered as indices of secondary me-
tabolism. By comparing these indices of pure and mixed
culture fermentations, it seems that there is few variation,
as there was a metabolic competition between strains. In
fact, in the sample 50%S6uSBC2, the indices are similar
to pure culture and first inoculation of S6u; these results
are in agreement with the percentage of the cell of strains
we found.

We conclude that when the two yeasts grow on the
same medium, S6u is a dominant strain because of its
enhanced metabolism in the early phase of fermentation;
when these two strains are used together for fermentation,
the oenological characteristics of the wine, i.e. secondary
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metabolites, are produced by the dominant yeast. S6u is
able to enhance the complexity of wine taste and aroma.
In fact, the S6u strain fermenting a synthetic medium pro-
duces about 6.5 g 1" of glycerol, 2.5 mg 1! of acetates,
1.5 mg 1" of ethyl esters, and 15.0 to 20.0 mg I"! of fatty
acids; SBC2 produces lower amounts of these compounds,
about 4.0 g I', 0.6 mg I'', 0.6 mg I, and 6.0 to 7.5 mg I,
respectively. In addition, S6u produces about 225 mg I of
2-phenylethanol, a compound with the characteristic rose
odour, with a perception threshold of 200 mg I'' (Franco
et al. 2004). The values of these compounds are similar in
the samples where S6u was present at the start of fermenta-
tion, while there seems to be a small difference in the rate
of alcohol production. Thus the gain in time, few days, to
metabolize all the sugar in the medium, by choosing SBC2,
would mean a loss of production of secondary metabolites.
Furthermore it seems that the use of SBC2 in association
with S6u gives results similar to those which can be ob-
tained with S6u pure culture.

This is the first study analysing metabolic interactions
between the S6u and SBC2 strains in a synthetic must. It
would be interesting to verify their behaviour when they
ferment natural grape must.
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