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Abstract: The influence of temperature and inoculum amount of yeast
culture on the ability of the strains Saccharomyces cerevisiae Badachoni and
Saccharomyces cerevisiae 24-6 to synthesize higher alcohols and aldehydes
was studied. Yeast showed the highest fermentation activity at a
temperature of 28°C. Neural networks had been applied and mathematical
models were derived, describing with high accuracy the experimental data
on the change of the total amount of higher alcohols and aldehydes in the
fermentation process depending on the conditions. The higher alcohols ratio
had increased during the process. The Badachoni strain revealed better
ability to synthesize the studied metabolite as compared to the 24-6 strain.
The Badachoni had produced the greatest amount of higher alcohols when
the process occurred at 28°C, whereas the 24-6 at 24°C. The aldehydes
synthesis had reached its peak during the rapid fermentation, thereafter it
began to go down. The studied yeast synthesized more aldehydes when the
process took place at a lower temperature. For both strains the maximum
was observed under the conditions 20°C/4%. The analysis of the obtained
wines had confirmed that quantitatively Badachoni produced more total
higher alcohols and the 24-6 more total aldehydes. In both strains within one
temperature range, in all variants, with increasing the inoculum amount of
yeast culture the studied metabolites ratio went up too.
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1. Introduction

One of the most important features of
wines had been their aroma, formed by
the content of a large number of volatile
chemical components, with varying ratios.
These compounds had different origins
and underwent changes in the
winemaking process. Some were derived
from grapes, but most were formed
during the alcoholic fermentation and
wine aging [10], [18], [24].

Yeasts played a vital role in the
production of wine. The alcoholic
fermentation was traditionally carried out
with Saccharomyces cerevisiae strains
because of their high ethanol resistance.
Their growth was supported by the
existence of basic compounds such as
fermentable sugars, amino acids, vitamins,
minerals and oxygen. Yeast had different
fermentative behavior, metabolism and
technological characteristics and was
largely responsible for the complexity of
the chemical composition and sensory
qualities of wines [17].

The higher alcohols and aldehydes were
contained in traces in grapes and were
synthesized mainly during the
fermentation, as a result of vyeast
metabolism. Their quantity had been
strongly influenced by some technological

factors such as grape variety and
composition, processing scheme, yeast
species and strain, fermentation

conditions — temperature, aeration, pH,
etc. [4], [20], [22], [25].

Higher alcohols might be produced in
different ways, by various precursors, but
mainly during the decomposition of
sugars, in the oxidation or deamination of
the respective amino acids [4], [19], [24].
Their synthesis might be regulated by
using appropriate yeast strains and by

directing their metabolism [16], [18]. The
application of cold maceration had
increased the amount of higher alcohols
due to the extraction of more precursors
from grape skins [16]. Usually the factors
that accelerated the alcoholic
fermentation (higher amount of yeast
biomass, aeration, high temperature) had
led to a raise in the amount of higher
alcohols in the fermentation medium.
Their ratio might go up with prolonged
retention of wine on the yeast lees, as a
result of autolysis, as well as a result of
unwanted microbiological processes.
During wine storage and processing, the
higher alcohols ratio had dropped down
due to oxidation to the relevant aldehydes
or participation in ester formation
reactions [6], [18], [24]. Their content
varied widely from 150 to 600 mg/l. The
higher alcohols were involved in the
formation of the wine’s organoleptic
characteristics, having a greater influence
on the aroma and to a lesser extent on the
taste. Usually their threshold ratios were
higher than their amount, that’s why they
rarely caused an individual sensory effect
(1], (4], [6], [20].

Aldehydes had been one of the most
reactive groups of compounds in wine.
Their representatives, as well as the
products of the reactions in which they
participated, had a significant influence on
the organoleptic characteristics. During
the alcoholic fermentation, the vyeast
synthesized over 20 aldehydes from
various precursors — amino acids, the
corresponding alcohols, sugars. Their
content in wines depended on a number
of technological factors. The species and
strain of yeast causing the alcoholic
fermentation had been essential [1], [14].
In the presence of more SO, in the
fermentation medium, more aldehydes
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would accumulate [6], [8], [14, 15], [23].
Their total amount varied from 10 to 200
g/l, with 90% being acetaldehyde [6], [13].
In the process of fermentation, its ratio
increased and reached its peak during the
exponential phase of yeast development,
thereafter it began to decrease due to its

involvement in  the  condensation
processes and other reactions. The
synthesis of acetaldehyde had been

strongly influenced by the fermentation
temperature as a greater amount formed
at a higher fermentation temperature or
pH [3], [23]. The main representative,
acetaldehyde, had the smell of a green
apple and had not always been a desirable
component. In an amount of over 100 g/I
it gave the wine a shade of being oxidized
or tasteless [1], [3], [6].

The objective of the study was to
establish  the influence  of  the
technological factors, i.e. yeast strain,
temperature and inoculum amount of

yeast culture, on the higher alcohols and
aldehydes’ synthesis during the alcoholic
fermentation and their content in the
obtained wines.

2. Material and Methods
2.1. Grapes Processing and Composition

The experiments were carried out at the
Institute of Viticulture and Enology (IVE) —
Pleven, with grapes of the local red variety
Gamza, typical for the region of Pleven,
Central Northern Bulgaria (the Danube
plain). The grapes were harvested at
suitable technological maturity (Table 1)
and processed according to the classical
technology for red wine production in the
conditions of micro-vinification [26]. Each
variant was crushed and strained off
separately and by equal distribution of the
clusters a uniformity of the raw material
was ensured.

Chemical composition of grapes from Gamza variety Table 1
Indicators
Dry matter | Sugar | Glucose | Fructose Titratable Glucoacidometric pH
[%] [%] [e/1] [e/1] acids [g/1] index
21.60 21.10 95.86 114.14 6.80 3.62 3.31
The analyzed indicators were 2.2. Alcoholic Fermentation and

determined in accordance with the
following methods: dry matter, % - Abbe
refractometer; sugar, % - hydrometer of
Dujardin; glucose and fructose, g/l —
iodometric method; titratable acids, g/l —
titration with NaOH; glucoacidometric
index — calculation method as the ratio of
sugars, %: titrable acids, g/l; pH - pH-
meter [11].

Synthesis of Higher Alcohols and
Aldehydes

The alcoholic fermentation occurred

under the following conditions:

e Substrate - 4.0 kg of grape pomace,
sulphated with 50 mg/kg SO,, with
chemical composition (Table 1);

® [noculum - 48-hour active yeast culture
from Badachoni and 24-6 strains of
Saccharomyces cerevisiae species, in
quantity of 2%, 3%, 4% (the strains
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were provided from the yeast
collection of the Department of Wine
and Beer Technology, University of
Food Technologies (UFT) — Plovdiv,
Bulgaria);

® Temperature — 20°C, 24°C, 28°C.

The course of the alcoholic fermentation
was monitored on a daily basis through
the dry matter change, measured with an
Abbe refractometer to a constant value.

The rate in the change of the total
higher alcohols and aldehydes in the
course of the process was determined by
recordings in the following stages: onset
(day 1), rapid fermentation (day 5), quiet
fermentation (day 10) and after the
malolactic fermentation (day 20). For
analyzing their content the following
methods were used [11]:

eTotal higher alcohols, mg/l — modified

Komarowski-Felenberg method (based
on the property of higher alcohols in

sulfuric acid medium with p-
dimethylaminobenzaldehyde to form
color compound with maximum
absorption at A 536 nm);

eTotal aldehydes, mg/l — bisulfite

method (to the distilled wine sample
was added a buffer solution with pH 7
and NaHSO;. HCl and starch were
added in 30 minutes, and the sample
successively was titrated with 0.1N I, to
slightly blue color, with alkaline borate
solution to slightly pink color and with
0.01N I, to slightly blue color).

2.3. Neural Networks

The experimental results were modeled
through neural networks of the Statistica
8 software package using a second order
quasi-Newton algorithm describing the
influence of time, fermentation
temperature and inoculum amount of the

yeast culture on the synthesis of total
quantity of higher alcohols and aldehydes.
For each model, the number of neurons in
the input layer was 3 (temperature,
amount of yeast culture, time) and 1 for
the output layer. The number of neurons
in the hidden layer was set to be changed
from 3 to 15. As a result, the network that
gave the highest correlation ratio with the
experimental data was chosen. The results
were also presented in the form of
surfaces describing the experimental data
with high precision [5], [7], [21].

2.4. Wine Chemical Composition

The course and completion of the
spontaneous malolactic fermentation
were determined qualitatively by paper
chromatography for organic acids.

After the completion of the alcoholic
and malolactic fermentation all
experimental wines were decanted and
analyzed for the indicators [11]: alcohol,
vol. % (distillation method, DEE Distillation
Unit with Densimat and Alcomat,
Gibertini); sugars, g/l (Schoorl’s method);
total extract g/l (DEE Distillation Unit with
Densimat and Alcomat, Gibertini by
density of the non-alcoholic sample),
sugarfree extract, g/l (calculation method
of the difference between the total
extract and the sugars); titratable acids,
g/l (titration with NaOH); pH (pH-meter);
total higher alcohols, mg/l (modified
Komarowski-Felenberg method); total
aldehydes mg/I (bisulphite method).

The presented experimental results
were the arithmetic mean value of two
similar samples. In the cases when a
significant difference in the rates of the
studied indicator was found, a third
sample was made and the two closest
values were taken into account.
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3. Results and Discussions

3.1. Alcoholic Fermentation and
Synthesis of Higher Alcohols and
Aldehydes

When monitoring the influence of the
fermentation temperature and the
inoculum amount of yeast culture on the
time of the process occurring with the
studied yeast strains, a similar change in
the dry matter was observed. The
investigated yeasts showed high
fermentation activity, as the intensity at

strain Badachoni
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the onset of the alcoholic fermentation
and the time of its completion were in
proportional  correlation  with  the
technological factors. The Badachoni and
the 24-6 strains revealed the highest
activity at 28°C. At 20°C the fermentation
started and proceeded more slowly. With
the increase of the inoculum (2%, 3%, 4%),
within one temperature range, the
fermentation started and ended earlier,
due to the greater number of active yeast
cells in the medium (Figure 1).
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Fig. 1. Dynamics of the dry matter during the alcoholic fermentation with the studied strains

To establish the impact of the
fermentation factors, i.e. temperature and
inoculum amount of yeast culture, on the
synthesis of total higher alcohols and total
aldehydes by the studied strains, in the
course of the alcoholic fermentation (days
1, 5, 10 and 20) their change was traced.
For all variants, neural networks had been
prepared, modeling the processes and
characterized by high accuracy of
description of the experimental data. The
results demonstrated the stronger effect
of the temperature compared to the
inoculum of yeast culture that was similar
and relatively weaker.

Higher alcohols had been synthesized
mainly during the alcoholic fermentation

by the vyeast as a result of the
carbohydrate metabolism. Their total
amount increased during the process, due
to the greater number of active cells in the
medium and the presence of substrates
and precursors that determined their
formation — mainly sugars and amino
acids. Then in the period of quiet and
malolactic fermentation their quantity
changed insignificantly.

Under the conditions of the experiment,
the Badachoni and the 24-6 strains
showed a common trend in the synthesis
of this metabolite under the influence of
the amount of the yeast culture factor. In
all  experimental variants, as the
percentage of inoculum was increased, so
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did their ratio. Differences between both
strains were observed for the impact of
the temperature as a factor. The obtained
results describing the changes of the total
higher alcohols concentration in the
fermentation medium are presented in
Figures 2 and 3.

The strain Badachoni produced the
greatest amount of higher alcohols when

the fermentation took place at a
temperature of 28°C. That trend stood out
at the beginning of the process and
continued to its end. In the experimental
variants, their content during the rapid
fermentation varied from 59.00 (20°C/2%)
to 189.00 mg/| (28°C/4%), and at the end
of the process — from 128.00 (20°C/2%) to
212.00 mg/| (28°C/4%).
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Fig. 2. Change in the total higher alcohols ratio during the alcoholic fermentation with
Badachoni strain: a) higher alcohols synthesis at different fermentation temperatures;
b) surface describing the difference in the higher alcohols ratio under the influence of the
studied technological factors
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Fig. 3. Change in the total higher alcohols ratio during the alcoholic fermentation with
24-6 strain: a) higher alcohols synthesis at different fermentation temperatures;
b) surface describing the difference in the higher alcohols ratio under the influence of the
studied technological factors

The yeast 24-6 quantitatively produced
less higher alcohols than the Badachoni,
as the strain synthesized most of them
during the alcoholic fermentation at a
temperature of 24°C. In the variants, their
content during the rapid stage varied from
45.00 (20°C/2%) to 125.00 mg/| (28°C/4%),
and at the end of the process — from
128.00 (20°C/2%) to 185.00 mg/l
(24°C/4%). These results were similar to
those found by other authors, namely that

in total most higher alcohols were
obtained by fermentation at a
temperature of 20-25°C [1, 2], [9], [12].
During the alcoholic fermentation, the
aldehydes were synthesized from
different precursors, so their ratio
depended on the grape composition and
the fermentation conditions. That
determined the different ability of the
yeast to produce this metabolite. The total
aldehydes synthesis exhibited a general
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trend in the course of the fermentation.
At the beginning of the process, their
amount increased rapidly, reached a peak
during the rapid stage (day 5), and then
started to decrease. Since the main part of
the aldehydes was acetaldehyde, that was
due to its reduction to ethanol or its
participation in the condensation
processes. Under the conditions of the
experiment, a tendency was observed for

the studied strains to synthesize the
maximum amount of aldehydes when the
fermentation occurred at a lower
temperature. All variants with higher
percentage of inoculum had a higher
concentration. The results describing the
total aldehydes change in the
fermentation medium are presented in
Figures 4 and 5.
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Fig. 4. Change in the total aldehydes ratio during the alcoholic fermentation with
Badachoni strain:
a) aldehydes synthesis at different fermentation temperatures;
b) surface describing the difference in the aldehydes ratio under the influence of the
studied technological factors
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Fig. 5. Change in the total aldehydes ratio during the alcoholic fermentation with
24-6 strain: a) aldehydes synthesis at different fermentation temperatures; b) surface
describing the difference in the aldehydes ratio under the influence of the studied
technological factors

The strain Badachoni synthesized a
greater amount of total aldehydes during
the fermentation at a temperature of 20°C
and 24°C. The peak was recorded during
the rapid phase at 20°C/4% (96.00 mg/I),
and the minimum — in the variant 28°C/2
% (67.00 mg/l).

The strain 24-6 produced a significantly
higher amount of aldehydes during the
fermentation at 20°C, as compared to
24°C and 28°C. During the rapid phase, at
a temperature of 20°C the strain

synthesized from 145.40 to 172.40 mg/|
total aldehydes. The minimum was
registered at 28°C, from 85.00 to 89.60
mg/l, respectively.

In both strains, within one temperature
range, when increasing the amount of
yeast culture, the content of total
aldehydes went up, due to the greater
number of active yeast cells in the
medium.
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3.2. Wine Chemical Composition regard to the main chemical indicators

and the content of total higher alcohols
The chemical composition of the and total aldehydes are presented in
obtained experimental Gamza wines in Tables 2 and 3.

Table 2
Chemical composition of the experimental Gamza wines fermented with “Badachoni”
strain
Variants 20°C 24°C 28°C
Indicators 2% 3% 4% 2% 3% 4% 2% 3% 4%
Alcohol [vol.%] | 12.57 | 12.60 | 12.65 | 1242 | 1250 | 12.67 | 1262 | 12.70 | 12.70
Sugar [g/I] 137 154 | 154 | 147 | 201 | 178 | 181 | 140 | 154
Sugarfg/e”ex”a‘:t 2033 | 2026 | 2096 | 2063 | 2079 | 21.02 | 21.18 | 21.00 | 21.27
T'"“Tg}ﬁ acids 593 600 | 593 | 578 | 555 | 525 | 570 | 585 | 548
oH 3.25 318 | 319 | 317 | 323 | 326 | 322 | 321 | 325
Tmaﬁ‘;{]"'des 5698 | 60.03 | 65.08 | 5596 | 61.05 | 63.08 | 3053 | 38.66 | 41.22
Total higher 212.00 | 218.00 | 258.00 | 198.00 | 215.00 | 232.00 | 190.00 | 240.00 | 282.00
alcohols [mg/1]

Table 3
Chemical composition of the experimental Gamza wines fermented with 24-6 strain
20°C 24°C 28°C
mrii::tors 2% 3% | 4% 2% 3% 4% 2% 3% 4%
A'COE/Z’]' ol "\ 1238 | 1226 | 1258 | 1223 | 1251 | 1248 | 1253 | 1258 | 12.57

Sugar [g/1] 174 | 161 | 154 | 171 | 1.74 | 150 | 1.74 | 157 | 1.88
sugarfree 1 o0 b | 5000 | 2016 | 2029 | 2026 | 2070 | 2096 | 21.03 | 21.00
extract [g/l]

Titratable

. 5.73 5.40 5.40 5.10 5.30 5.85 5.78 5.78 5.85
acids [g/l]
pH 3.27 3.19 3.22 3.21 3.23 3.17 3.19 3.19 3.15
Total

aldehydes 82.42 | 93.78 | 99.78 | 59.02 | 63.08 | 63.50 | 56.98 | 62.07 | 63.82
[mg/1]
Total higher

alcohols 138.00 | 150.00 | 170.00 | 158.00 | 170.00 | 218.00 | 138.00 | 152.00 | 216.00
[mg/l]

The amount of residual sugars in the forming ability, proven by the higher
variants confirmed the complete alcohol content of its samples. The
occurrence of the alcoholic fermentation. differences in alcohol

between the
Badachoni strain showed a better alcohol-

variants of one strain were insignificant.
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The amount of sugar-free extract in the
experimental wines was in accordance
with the specifics of the variety. Its
content in the variants of both strains was
close and proportional to the temperature
rise. The samples fermented at 28°C had
the highest rates because the higher
temperature favoured the extraction of a
larger number of extract substances from
the grapes during fermentation. There
were no significant differences in the
content of titratable acids in the wines
obtained with the two strains. From the
samples of Badachoni strain, those with
higher acidity were obtained at 20°C, and
from those of strain 24-6 - at 28°C.

The conditions for the alcoholic
fermentation significantly affected the
synthesis of the metabolites by the yeast.
The trend established in the course of the
alcoholic fermentation was preserved in
the obtained wines.

In the experimental wines fermented
with  Badachoni strain, the greatest
amount of higher alcohols was analyzed in
the samples obtained at a temperature of
28°C. Their amount in these variants was
within the range of 190.00 to 282.00 mg/I.
The samples of the strain fermented at 20
and 24°C had a lower content of the
metabolite. Contrary to Badachoni, from
the samples of the 8-24 strain, those
obtained at a fermentation temperature
of 24°C were characterized by a higher
ratio of higher alcohols — from 158.00 to
218.00 mg/l. The variants of this strain
that fermented at 20°C had the lowest
metabolite content (138.00 to 170.00
mg/l). The analysis of the experimental
wines revealed that, in total, Badachoni
strain synthesized a greater amount of
higher alcohols than the 24-6. Within one
temperature range, the samples which

fermented with a higher ratio of inoculum
contained more of the studied metabolite.
The total aldehydes content in the wines
of Badachoni strain was in the range of
30.53 to 65.08 mg/l. The maximum
amount was reported in the variant
obtained at 20°C/4%. In the samples
fermented at a temperature of 20°C and
24°C, their ratio was significantly higher
than in the variants obtained at 28°C. The
strain 24-6 quantitatively produced more
total aldehydes as compared to
Badachoni. Their content in the
experimental samples varied from 56.98
to 99.78 mg/I. The maximum amount was
analyzed in the variants fermented at a
temperature of 20°C (from 82.42 to 99.78
mg/l), while in those obtained at 24°C and
28°C, the ratio of the studied metabolite
was similar and lower. At the same
temperature, the samples fermented with
a higher percentage of yeast culture
contained more total aldehydes.

4. Conclusions

The following conclusions could be
drawn from the study:

eThe studied yeasts exhibited high
fermentation activity, as the intensity
at the onset of the alcoholic
fermentation and at the time of its
completion were in proportional
correlation with the technological
factors — temperature and inoculum
amount of yeast culture. Badachoni
and 24-6 strains revealed the highest
activity at 28°C;

eThe prepared neural networks,
modeling the processes of the higher
alcohols and aldehydes synthesis, were
characterized by a high accuracy of the
description of the experimental data.
The results showed a stronger effect of
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eWith  both

the temperature than of the amount of
yeast culture, which was similar and
relatively weaker;

eThe total amount of higher alcohols

increased during the course of the
alcoholic  fermentation.  Badachoni
strain exhibited a better ability to
synthesize this metabolite than the
24-6 strain. Badachoni produced the
most higher alcohols when the process
occurred at a temperature of 28°C, and
the 24-6 strain at 24°C;

*The total aldehydes synthesis showed a

general trend in the course of the
fermentation — it reached its peak
during the rapid stage, then it began to
decrease. Under the conditions of the
experiment, the studied yeast formed
more aldehydes when the process
occurred at a lower temperature. For
both strains, the maximum in the
synthesis was recorded at 20°C/4%;
strains, within one
temperature range, in the variants with
an increased inoculum amount of yeast
culture, the ratio of the total higher
alcohols and total aldehydes went up
too;

®The analysis of the experimental wines

obtained with both strains confirmed
that quantitatively Badachoni strain
synthesized more total higher alcohols
and the 24-6 strain synthesized more
total aldehydes.
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