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Influence of different nutrition conditions
on main volatiles of wine yeasts
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Summary

Volatile acids, higher alcohols and esters produced during fermentation are the main components of secondary aroma
of wine. Their production relates to predisposition of the yeast strain, physical conditions of fermentation and chemical
composition of the fermented medium including presence of necessary vitamins. In particular autochthonous yeasts
influence the volatile profile by their own way. We selected 12 autochthonous yeasts from our collection of yeasts, and
analysed their impact on main volatile organic compounds profile of defined fermentation media. Each Saccharomyces
cerevisiae strain had its own demands on nutrition and its metabolism directly or indirectly affected the chemical com-
position of wine. Even if the concentration of assimilable nitrogen was sufficient, lack of vitamins led to reduction of
the production of fusel alcohols (2-butanol, 2,3-butanediol and isoamyl alcohol). In contrary, production of isobutanol

did not require external source of vitamins.
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Majority of substances providing nutrition for
the yeasts during fermentation originates from
grapes and their profile depends on soil compo-
sition, fertilizing and vine treating, climate condi-
tions in vintage, stage of ripeness of grape berries
and processing technology. In most cases, grape
must provides sufficient saccharides, utilizable ni-
trogen, inorganic compounds and growth factors
to perform the fermentation without problems.
Musts with eventual deficiency of important nutri-
tive substances can be improved by adding saccha-
rose or condensed grape must (chaptalization), or
supplements containing inorganic ammonium salts
and vitamins (thiamine). In order to complete the
alcoholic fermentation properly to the end, yeasts
Saccharomyces cerevisiae need the concentration
of assimilable nitrogen of at least 140 mg-l-! [1].
Demand of nitrogen increases with an increasing
concentration of saccharides in must [2].

The proper function of whole enzymatic appa-
ratus and yeast cell development require coopera-
tion of growth factors. Different yeast species and
strains have variable needs of vitamins [3]. Noble

yeasts S. cerevisiae are able to synthesize many
vitamins, however, the critical growth factors are
thiamine (vitamin B1) and biotin (vitamin H) [4].
Thiamine pyrophosphate is a coenzyme of py-
ruvate decarboxylase (EC 4.1.1.1), which catalyses
decarboxylation of pyruvate to acetaldehyde [5].
Even if . cerevisiae can synthesize small amounts
of thiamine [6], the absence of vitamin B1 in must
causes termination of fermentation, growth of
yeasts and also dramatic structural changes of sen-
sory profile of wine. Lack of thiamine in grapes is
induced by filamentous fungi attacking the grape
(insufficiency of vitamin Bj is typical for grapes
attacked by Bomytis cinerea), or by wild apicu-
lates and non-saccharomyces yeasts during spon-
taneous or insufficiently regulated fermentation.
Species Kloeckera apiculata, Candida stellata or
Metschnikowia pulcherrima are also dependent on
thiamine and during first stages of spontaneous
fermentation are predominant [7]. Uncontrolled
growth of wild yeasts in must during first hours of
grape must fermentation can cause depletion of
vitamins and may result in problems with subse-
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Tab. 1. Sensory properties of the main wine volatiles.

Regular_ concent_ration S. ce_revisiae ] Sensory th_reshold Description of smell
in wine [mg-I1] production [mg-I1] [mg-I1]
Acetic acid > 150 150-61400 600 Vinegar [14]
Acetaldehyde 30-80 5-6405 1-62* [9] Nut/Over-ripe apple [15]
Ethyl acetate 5-60 5-687 12-630 [10, 11] | Pineapple/Nail polish [14, 16]
2-Butanol 20-660 9-670 50 [10] Sweet apricot [16]
Isobutanol 9-6174 15-6237 75-6100 [10, 12] | Whiskey fusel [16]
Isoamyl alcohol 6-6490 6-6385 50-660 [10, 12] | Pear/Pungent [14, 16]
2,3-Butanediol 80-6170 6-6186 600 [13] Fruity, creamy, buttery | [14]

* — free acetaldehyde.

quent S. cerevisiae growth and metabolism. Inoculation and conditions of fermentation

Three types of differently intensive aromas de- Experiment was carried out in 400 ml of me-
termine the resulting smell of wine. Primary aro- dia at a temperature of 21 °C. All fermentations
ma, which is a typical aroma of the vine variety, started with a concentration of the yeast biomass
derives from grapes and includes terpenoids and, of 106 cells per liter. Inocula were prepared from
predominantly, noble volatile sulphur compounds. a yeast strain culture grown aerobically for 24 h
Secondary aroma originates in the activity of in a liquid medium (20 g-1'! glucose, 10 g1l yeast
yeasts and bacteria during alcoholic and malo- extract; 100 ml) in a 500 ml flask, on an orbital
lactic fermentation. Tertiary aroma arises during shaker at 2 Hz, 28 °C. After cultivation, concen-
maturation of wine in oak barrels or bottles. tration of the yeast biomass was determined by

Secondary aroma of wine consists of many counting in a Biirker chamber. The calculated
different substances. Most of these aroma com- volume of biomass was removed and centrifuged
pounds belong to volatile acids, higher alcohols, (10 min, 1370 xg). Separated biomass was washed
esters and aldehydes. Their concentration in wine with distilled water, centrifuged again and finally
is directly influenced by the yeast strain as well as added to the fermentation media.
by the nutrition and fermentation temperature. In an experiment, 12 autochthonous S. cere-
Each §. cerevisiae strain has its own enzymatic visiae strains were used: four strains S. cerevisiae
equipment, different demand of nutritive com- var. bayanus (FM-PS1A, FM-PS1B, RB-NAI,
pounds and different ability to produce miscel- MT-PF1B), four strains S. cerevisiae var. cerevisiae
laneous minor substances, which can directly or (FM-VVR, RR-KP1, RR-KP3, RR-KP4, D-KP1)
indirectly influence sensory character of wine [8]. and four strains S. cerevisiae var. capensis (RB-
Aromatic characteristics (description of smell, NA2, FM-PF1, FM-PF2, RB-NA3). All strains
sensory threshold) of various volatile compounds were previously isolated from natural sources
are different and their concentration in wine (vine, grapes), identified, characterized and stored
varies (Tab. 1). in a collection of yeasts in oenological laboratory

of Faculty of Chemical and Food Technology (Slo-
vak University of Technology, Bratislava, Slova-

MATERIALS AND METHODS kia).
S. cerevisiae var. cerevisiae, S. cerevisiae var.
Fermentation media bayanus and S. cerevisiae var. capensis are taxo-
Generally, two types of fermentation media nomically similar being described within one spe-
have been used — rich in nutrition yeast extract- cies of S. cerevisiae [17]. Differences between these
dextrose (YD) medium composed of 210 g-I-! glu- physiological races are predominantly in capability
cose and 10 g'I'! yeast extract (Merck, Darmstadt, to ferment of different saccharides (S. cerevisiae
Germany), and medium without a source of vita- var. cerevisiae: galactose, glucose, maltose, raffi-
mins prepared according to the recipe of Yeast nose; S. cerevisiae var. bayanus: glucose, maltose,
Nitrogen Base medium without vitamins, amino raffinose; S. cerevisiae var. capensis: glucose, raffi-
acids and cofactors (Difco Laboratories, Detroit, nose) [3]. S. cerevisiae var. capensis together with

Michigan, USA) — ((NH4)2SO4 5 g1, KH2PO4 S. cerevisiae var. cerevisiae, S. cerevisiae var. baya-
1 g1, MgS04.7H20 0.5 g-I-1, NaCl 0.1 g-I-1, CaCly nus and S. cerevisiae var. chevalieri occur in bio-
0.1 g1, glucose 210 g'I'L, distilled water). films formed on the surface of sherry wine during
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biological aging and belong to wine flor yeasts [18,
19]. They are components of the natural micro-
flora of vine and spontaneously fermented grape
musts, and can be used as pure cultures in various
winemaking technologies [20].

Analytical methods

After fermentation, samples of fermented me-
dia were analysed. Basic technological parameters
as well as basic volatile profiles were measured.
Concentrations of reducing saccharides were ana-
lysed by methods of International Organization
of Vine and Wine (OIV) [21]. Profiles of volatiles
were determined by gas chromatography (GC)
after simple distillation of samples. A volume of
20 ml of distilled water was added to 50 ml of the
fermented medium and the mixture was distilled.
After distillation of 45 ml, volume of the distil-
late was replenished with distilled water to 50 ml
in a volumetric flask. Subsequently, samples were
analysed using the gas chromatograph 6890N
(Agilent Technologies, Santa Clara, California,
USA) equipped with autosampler and flame ioni-
zation detector (FID). The column was DB FFAP
(60 m x 250 um x 0.25 um; Agilent Technologies)
and the mobile phase was Hy at a flow rate of
3.2 ml'min-. Injection was done using a split injec-
tor (1:50) heated to 250 °C. Temperature of FID
was 250 °C. Solutions of standards in water were
used for calibration and quantification purposes.
Following standards were used: ethanol (Sigma-
Aldrich, Steinheim, Germany, > 99.8%), ace-
tic acid (Sigma-Aldrich, > 99.7%), acetaldehyde
(Merck, > 99.5%), ethyl acetate (Sigma-Aldrich,
> 99.8%), 2-butanol (Sigma-Aldrich, 99.5%), isob-
utanol (Sigma-Aldrich, > 99.0%), isoamyl alcohol
(Sigma-Aldrich, > 98.0%) and 2,3-butanediol (Sig-
ma-Aldrich, > 98.0%). 2-Hexanol (Sigma-Aldrich,
99%) was used as the internal standard. Calibra-
tion solutions underwent the same distillation pro-
cedure as samples of fermented media.

Yield coefficient

Yield coefficient of each determined product
of fermentation was calculated based on the
following formulae:

v, = dmp jdmg )

P7ode /[ de (1)
where Yp is yield of product, dmp/dt is derivation
of the product weight in time, and dmgs/dt is deri-
vation of the substrate weight in time.

cplV

Yp=——
P C50V0 - C5~V (2)

where cp and V" are concentration and volume of
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the product, respectively, I and V) are volumes of
substrate in the beginning and in the end of fer-
mentation, respectively, and cso and cg are concen-
trations of substrate in the beginning and in the
end of fermentation, respectively.

Time of the determination of substrate (S,
glucose) and products (P) was the same but the
volume of the media decreased during fermenta-
tion as a result of leakage of carbon dioxide.

Statistical analysis

All results are described as mean values of
samples measured in triplicate. Standard devia-
tions were calculated using MS Excel from the
software package MS Office 2007 (Microsoft,
Redmond, Washington, USA).

RESULTS AND DISCUSSION

Measurement of main analytical parameters
and volatile substances produced the following re-
sults. Tab. 2 presents profiles of secondary aromas
produced by 12 S. cerevisiae strains during fermen-
tation of media with an ideal concentration of nu-
tritive components (glucose, amino nitrogen and
growth factors) and in media without the source of
vitamins (—VIT). Tab. 3 presents yield coefficients
of volatiles to exactly compare the metabolism of
S. cerevisiae at different conditions of fermenta-
tion.

Ethanol fermentation

Production of ethanol in S. cerevisiae yeasts de-
pends on the presence of thiamine in media. In-
sufficiency of vitamins causes a decrease in etha-
nol production and a decrease in yield coefficient
in all tested S. cerevisiae strains. Concentration
of ethanol in media fermented by different yeast
strains was very individual. The most considerable
diminution of ethanol production was determined
in S. cerevisiae var. bayanus MT-PF1B (95.7%).
Average decrease of ethanol during fermenta-
tion of media without vitamins, compared to YD
media, was in S. cerevisiae var. bayanus 77.7%, in
S. cerevisiae var. cerevisiae 36.7%, and in S. cerevi-
siae var. capensis 85.7%. Among the tested yeasts,
two strains were able to produce relevant con-
centrations of ethanol in the absence of vitamins.
Strains S. cerevisiae var. cerevisiae RR-KP1 and
RR-KP4 produced only 23% less ethanol in the
absence of vitamins, compared to YD medium.
Low need of vitamins for the proper ethanol fer-
mentation decreases the costs of nutrition both
in wine-making and also in the production of fuel
ethanol. Thus, the demand for vitamins is not only
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the diagnostic sign of the species [4, 16] but also
an important technological property of a S. cerevi-
siae culture.

Acetic acid

Usually, concentration of volatile acids in
wine ranges between 200 mgl! and 1000 mg1-1
(10-15% of total acids). Acetic acid originates
dominantly from glycolysis and represents 90%
of volatile acids in wine [22-24]. Minor volatile
acids (propionic acid, butyric acid, capronic acid,
caprylic acid and caprinic acid) are products of the
metabolism of fatty acids by yeasts and bacteria.
Presence of lower fatty acids in wine contributes to
negative aromas and to inhibition of yeast growth
[25]. Their production depends on must composi-
tion and fermentation conditions [26].

Production of acetic acid by different S. cere-
visiae strains in rich in nutrition media YD was
variable and depended on S. cerevisiae variety
and strain. Four tested S. cerevisiae var. cerevisiae
strains produced only about a half of the concen-
tration of acetic acid compared to S. cerevisiae var.
bayanus or S. cerevisiae var. capensis strains. These
results were opposite to ANTONELLI [27] who de-
tected concentration of acetic acid in a range
of 0.11-0.22 mgl-! for S. cerevisiae var. bayanus
and 0.21-0.72 mgl! for S. cerevisiae var. cere-
visiae. Production of acetic acid in media without
a source of vitamins depended on S. cerevisiae va-
riety and strain (Tab. 2, Tab. 3). All tested S. cerevi-
siae var. cerevisiae strains, in media without growth
factors, rapidly produced acetic acid (from 17.6%
to 109.3%), but all S. cerevisiae var. bayanus and
S. cerevisiae var. capensis strains lowered its con-
centration. Despite this, the yield factors of ace-
tic acid for most yeast strains were increased by
fermentation without vitamins. This meant that
a lack of growth factors changed the metabolism
of S. cerevisiae and acetic acid was overproduced.

Acetaldehyde

Acetaldehyde represents 90% of all wine al-
dehydes and plays an important role in creation
of wine aroma. It is formed after glycolysis by
decarboxylation of pyruvate and belongs to main
products of alcoholic fermentation [28]. Concen-
tration of acetaldehyde is different in distinct types
of wine. Generally, wines produced by reductive
technology contain approximately 30-80 mg1-,
sherry wines even 300 mg'l-! of acetaldehyde [29].
At low concentrations, acetaldehyde has decent
fruity and nut flavour, excessive concentrations
evoke over-ripe apples or walnut peels.

As Tab. 2 shows, different S. cerevisiae varieties
and strains produced diverse amounts of acetal-

dehyde under the same fermentation conditions,
which corresponds to ANTONELLI [27]. Acetalde-
hyde is typical for wines made by oxidative tech-
nology and for oxidized ones, as a result of oxygen
access or bacterial contamination [30]. However,
acetaldehyde at moderate concentration may be
produced by S. cerevisiae. For this reason, acetal-
dehyde production in winemaking should be con-
trolled by the use of selected yeast strains use.

The absence of vitamins caused that most of
the yeast strains produced dramatically higher
amounts of acetaldehyde, increase in acetalde-
hyde concentration represented from 90% to
600%. Whereas some strains showed a decrease
in acetaldehyde concentration, the increment of
its yield factor was observed by every tested yeast
strain. It was evident that missing vitamins during
fermentation of saccharides shifted the S. cerevi-
siae metabolism towards an increased production
of acetaldehyde, giving the wine more oxidized
tones.

Ethyl acetate

Esters are considered to be the most important
compounds of secondary aroma of wine, but the
general opinion that a higher production of esters
positively amplifies the aroma of wine is not cor-
rect. Optimal concentrations of esters support the
fruitiness of wine but their excess can totally de-
stroy the sensory profile of wine. The major esters
produced during alcoholic fermentation by yeasts
are ethyl acetate and isoamyl acetate [9]. In low
concentration, ethyl acetate smells like pineapple,
and isoamyl acetate brings the typical pear-like
aroma [15]. Concentration of one of these above
30 mg1! causes that the wine will smell like nail
polish. Production of esters is influenced by many
factors including aeration, concentration of fatty
acids, concentration of higher alcohols and their
precursors. Important role in the production of es-
ters play the species and strain of yeast [31].

After fermentation with tested yeast strains,
concentrations of ethyl acetate determined in YD
media with rich source of vitamins were in all cases
appropriate and no excessive production of ethyl
acetate was observed. Another work [27] showed
a higher concentration of ethyl acetate in all S. cer-
evisiae var. cerevisiae strains than S. cerevisiae var.
bayanus strains. Presence of vitamins in media in-
fluenced the production of ethyl acetate different-
ly with distinct Saccharomyces varieties. Fermen-
tation by S. cerevisiae var. bayanus or S. cerevisiae
var. capensis caused a total decrease in the concen-
tration and in the yield factor in media without vi-
tamins. Under conditions without growth factors,
only S. cerevisiae var. cerevisiae strains produced
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approximately the same or a little higher concen-
tration of ethyl acetate, while the yield factor in-
creased in all cases (Tab. 3).

Fusel alcohols

Redundant concentrations of fusel alco-
hols lead to strong, pungent flavour and taste of
beverages. However, optimal concentrations (up
to 400 mg11) give the wine fruity character [9,
32, 33]. Concentration of total higher alcohols in
wine varies between 100-500 mg-1-! and the use of
different yeast strains during fermentation leads
to diversification of higher alcohol profiles [27,
34-36]. Besides glucose, amino acids are precur-
sors of higher alcohols and their concentration in
the medium should proportionally influence the
concentration of fusel alcohols in wine [37]. Re-
sulting concentration of these volatiles depends
on the concentration of ethanol, fermentation
temperature, pH and on the composition of must,
aeration, variety of vine, ripeness of grapes and
time of maceration [38].

Isoamyl alcohol

The main fusel alcohol in wine (more than
50% of total alcohols) is isoamyl alcohol. Similar
to ethyl acetate, low concentrations of isoamyl al-
cohol support fruity character of wine, excessive
concentrations make the wine aroma similar to
nail polish. Precursors of isoamyl alcohol are ami-
no acids leucine and valine, but it can be formed
also by the metabolism of pyruvate [9]. Depending
on S. cerevisiae variety and strain, concentrations
of isoamyl alcohol in YD media varied. Its produc-
tion by S. cerevisiae var. bayanus and S. cerevisiae
var. capensis was similar, whereas S. cerevisiae var.
cerevisiae showed on average 60% increase com-
pared to S. cerevisiae var. bayanus [27]. In another
work [32], isoamyl alcohol production by S. cere-
visiae var. bayanus was by 15% higher than by
S. cerevisiae var. cerevisiae. Absence of vitamins in
the medium induced diminution of concentration
and also of yield factor of isoamyl alcohol (Tab. 2,
Tab. 3). The decrease in isoamyl alcohol produced
by S. cerevisiae var. bayanus and S. cerevisiae var.
capensis was more intensive than by S. cerevisiae
var. cerevisiae (decrease of 80% to 87%, compared
to 42%).

Isobutanol

Based on our experiments, production of iso-
butanol did not require vitamin feed. This was
entirely in accordance with results of TER SCHURE
et al. [39] and confirmed the knowledge that ab-
sence of thiamine in medium has minimal effect
on the production of some fusel alcohols. Con-
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versely in most cases, concentration of isobuta-
nol in media without vitamins after fermentation
was higher than in media with ideal composition.
However, yield coefficient of isobutanol in me-
dia without vitamins was dramatically higher than
in YD media (Tab. 3) and reflected a shift of the
yeast metabolism towards increased production of
isobutanol. We observed that also production of
this metabolite differed between S. cerevisiae va-
rieties. All tested S. cerevisiae var. cerevisiae strains
produced very high amounts of isobutanol under
conditions without vitamins. The increase of iso-
butanol concentration, compared to the media
rich in nutritive components, was from 300% to
400% (Tab. 2), and the increase in the yield factor
was from 410% to 450%.

2,3-Butanediol

2,3-Butanediol is the most prominent diol
in wines. It has a specific creamy aroma but it
appears to have a little sensory significance for the
wine because its regular concentration in wine is
deeply under its sensory threshold (600 mg-l-1).
In S. cerevisiae cells, it is synthesized from pyru-
vate through a-acetolactate, which is reduced
to diacetyl and acetoine [11]. During alcoholic
fermentation, vitamin deprivation impacts mul-
tiplex lowering of 2,3-butanediole concentration
and also of its yield. The decrease of 2,3-butane-
diol production by S. cerevisiae var. bayanus and
S. cerevisiae var. cerevisiae was similar and ranged
from 16% to 84% (Tab. 3). The biggest decrease
of 2,3-butanediol was observed by S. cerevisiae var.
capensis strains (from 63% to 100%). As an ex-
treme, strain S. cerevisiae var. capensis RB-NA3
produced 140.6 mgl! of 2,3-butanediol at ideal
nutrition conditions, and absolutely no 2,3-butane-
diol in the medium without vitamins.

2-Butanol

2-Butanol is presumably formed by direct re-
duction of a compound whose hydrocarbon chain
remains unchanged. A possible precursor for
2-butanol would be 2,3-butanediol. 2-Butanol
has a fruity, apricot-like odour and its perception
threshold concentration in wine is 50 mg-1! [40].
The type of yeast strain used for fermentation
has a significant effect on the concentration of
2-butanol in the resulting wine. Similar to 2,3-bu-
tanediol, 2-butanol is very dependent on the sup-
ply of growth factors. Insufficient concentration
of vitamins in the fermentation medium lowered
both concentration and yield factor of 2-butanol.
Our experiments showed that average production
of 2-butanol by §. cerevisiae var. cerevisiae strains
was naturally slightly lower than its production
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by S. cerevisiae var. bayanus and S. cerevisiae var.
capensis. The highest production of 2-butanol was
observed by S. cerevisiae var. capensis (Tab. 3).
However, after the fermentation without vitamins,
these strains showed the most rapid decrease of
2-butanol concentrations (82%, compared to 33%
by S. cerevisiae var. cerevisiae), and also the most
rapid decrease of its yield factor.

CONCLUSION

Monitoring of the volatile profile of media
fermented with different Saccharomyces cerevi-
siae strains under different conditions led to fol-
lowing conclusions. Individual S. cerevisiae strains
had variable need for nutrition and growth factors.
Different S. cerevisiae strains tolerated the lack of
vitamins differently. Insufficient concentration of
vitamins caused a decrease in the conversion of
saccharides to ethanol and carbon dioxide, and
a rapid increase in the production of acetaldehyde
and volatile acids. Even if the concentration of as-
similable nitrogen was sufficient, lack of vitamins
led to a reduction in the production of fusel alco-
hols (isoamyl alcohol, 2,3-butanediol and 2-buta-
nol). In contrast, production of isobutanol did not
require an external source of vitamins. Each strain
of the species and variety had different properties.
Production of every metabolite was influenced by
the composition of the fermentation medium and
by the yeast strain in a characteristic manner. Only
an exactly specified profile of the main volatile
compounds can be a reliable key to select wine
yeasts suitable for winemaking. Production of sub-
stances responsible for secondary aroma of wine
depends on both the yeast strain and fermentation
conditions.
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