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Abstract- The dynamics of ethanol production of wine yeasts were examined in model 
experiments as well as in the winery. The ethanol concentration in young wines fermented by 
local strains of Saccharomyces cerevisiae, S. uvarum or Starmerella bacillaris (21, 2 and 2, 
respectively) did not vary considerably (c.v. 1.9 %). All of them produced significantly higher 
amount of ethanol than the type strain [ATCC 26108] of S. cerevisiae. However, their 
performance during the fermentation process diverged significantly. Thus the lag phase varied 
between 33 and 123 hours, while the time requested to produce half of the final ethanol 
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Absract- The dynamics of ethanol production of wine yeasts 
were examined in model experiments as well as in the winery. 
The ethanol concentration in young wines fermented by local 
strains of Saccharomyces cerevisiae, S. uvarum or Starmerella 
bacillaris (21, 2 and 2, respectively) did not vary considerably 
(c.v. 1.9 %). All of them produced significantly higher amount 
of ethanol than the type strain [ATCC 26108] of S. cerevisiae. 
However, their performance during the fermentation process 
diverged significantly. Thus the lag phase varied between 33 
and 123 hours, while the time requested to produce half of the 
final ethanol concentration varied between 67 and 294 hours.

Baule-Mitherlich, Gompertz, hyperbolic, logistic, 
logarithmic, polynomial, and probit functions were applied to 
analyze the dynamics of fermentation. All functions fitted well 
to experimentally measured values at the range of 2 to 9 % of 
ethanol, that means, the half time could be approached by any 
of them at p<0.05 level. However, the predictive power of 
these functions differed significantly; both Lag phase and End 
point of fermentation could be calculated with requested 
precision (p<0.001) only with a polynomial function. The 
constant and secondary coefficients of this function 
counteracted to the primary one strictly in strain dependent 
manner, and the role of these three factors groups also varied 
in strain-dependent manners during the vinification process.
Keywords: yeast, wine, fermentation dynamics, 
saccharomyces, starmerella, tokaj.

I. Introduction

he wine is an alcoholic drink usually fermented 
from grape juice by yeasts, and it is the result of 
the transformation of sugars into ethanol and 

carbon dioxide. This process has been well studied 
since the pioneer works of Pasteur, and numerous 
papers have focused on the dynamics of yeasts during 
the wine fermentation elucidating the role of 
Saccharomyces species. Among them, S. cerevisiae is 
considered to be primarily responsible for ethanol 
production metabolizing sugars via the fermentative 
pathway when the sugar concentration is high, and this 
species is widely preferred for initiating fermentation.

More than 40 of the 1500 known yeast species 
were isolated from grape must [1]. Nevertheless, some 
species of diverse microbiota presented in the vineyards 
[2, 3] and musts [4, 5] are also involved into the 
fermentation during the first stages of winemaking [6-9]. 
Still, studies comparing yeast ecologies in vineyards 
and cellars clearly showed that the yeasts present on 
grapes are subject to natural phenomenons as grape 
maturity and weather, as well as to human interventions 
and the phytosanitary treatments carried out [10, 11]. 
Thus, in oenological conditions, these species due to 
their low capacity to multiply and their particular needs 
for micronutrients and oxygen [12, 13] have limited 
fermentation capacities compared to Saccharomyces
yeasts, which are adaptable to hostile conditions[14]. 
Consequently, the populations of residual indigenous 
yeasts quickly decrease [15], and most of them 
disappear when the ethanol concentration increases 
over 4–5% (v/v) [16].

Nowadays, S. cerevisiae and S. uvarum are the 
leading species of alcohol fermentation. Still, St. 
bacillaris and Torulaspora delbrueckii also able to 
complete the alcohol fermentation [17], and these yeast 
species became a concern of interest in modern 
winemaking. Moreover, due to the consumer oriented 
wine markets, there is an ever-growing quest for 
specialized wine yeast strains possessing a wide range 
of optimized, improved or novel oenological properties 
[18], and winemakers have started to believe in the 
synergetic effect of some non-Saccharomyces species 
in matters such as aroma intensity and complexity [19] 
(Table 1), as the incidences of non-selected 

T
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The dynamics of ethanol production differed at high 
degree between S. cerevisiae strains isolated of several 
vintages of local wines (c.v. 25 %), where the intensity of 
specific ethanol production (ISEP) varied between 0.81-4.56 % 
ethanol per day. Reverse relationship was revealed between 
the Lag phase and the ISEP (r2=0.858, p>0.01), and the 
circumstances of fermentation did affect this trend. Based on 
their properties, S. uvarum and St. bacillaris strains applied 
nowadays in wine making have been positioned in the ranges 
of S. cerevisiae strains.
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Saccharomyces or non-Saccharomyces opportunistic 
yeasts during fermentations were usually related to off 
flavors improving the overall quality of the wines [20, 
21]. Nevertheless, their secreted enzymes could be 
detected throughout the fermentation process [22, 23], 
impacting the wine fruitiness and complexity [24].

In present times, due to fears towards GMO 
technologies and legal regulations, researchers have 
turned their attention to the Saccharomyces sensu 
stricto group. It is well known that members of this group 
can hybridize with each other in the nature. Under 
laboratory conditions any of the Saccharomyces species 
can form hybrids with any other species of the genus 
[25-43]. Hybridization brings all alleles of all relevant 
genes of different strains together and recombines them 
during segregation/chimerization of the hybrid 
genomes. The hybrids and their chimeric derivatives can 
outperform the parental strains in technologically 
relevant properties including stress response [41]. There 
are countless possibilities in this mechanism that can be 
exploited to design and create strains optimized for 
industrial tasks. For instance, comparative genomic 
analyses revealed that the thiol-releasing wine yeast, 
VIN7, has an allotriploid hybrid genome with S. 
cerevisiae and S. kudriavzevii origins [44] that explained 
the genetic basis of this VIN7’s unique capacity to 
produce wines with a distinctive guava-like aroma [18].

By adopting and authorizing GMO 
technologies, the creation of engineered industrial 
strains can be accelerated, and strains optimized for a 
given task, expected aroma production, or even specific 
vintage conditions can be created. With the confluence 
of modern-day biomolecular sciences, information 
technology, and engineering, the DNA of yeasts can 
now be redesigned, reinvented, rewritten, and edited 
with astounding precision [45-48]. Engineering the 
biology of a model and non-model yeast strains 
(including clonal variants of natural isolates, mutants, 
hybrids, and genetically-engineered GM strains) with 
laser-sharp accuracy can stretch the realms of 
possibility in yeast research and wine yeast innovation 
[49]. Some attempts have already come to light; for 
example, the haploid wine strain (AWRI1631) of S. 
cerevisiae was equipped with a biosynthetic pathway, 
which consists of four separate enzymatic activities 
required for the production of the raspberry ketone [50].

Over a thousand papers have been published 
on the use of sequential yeast mixtures in wine 
fermentation. The aim of these efforts was to regulate 
the vinification process as well as to direct the ethanol 
production from organic acids [14, 51-53]. Moreover, 
much interest has been developed to the low alcohol 
content and in the use of different wine yeast species to 
improve sensory impacts of vine grape varieties for wine 
utilizing the aromatic potential of some non-
Saccharomyces yeasts [54]. The population dynamics 
of various strains alone or in mixtures as well as the 

II. Materials and Methods

Data on maintenance, origin, and methods of 
authentication of wine yeast strains used in model 
experiments (Table 2) were reported in detail by Kállai et 
al. [61].

Microvinification: 50 mL autoclaved Yellow Muscat must 
(204.3 gL-1 sugar, pH 3.38) prepared from grapes 
harvested in Tarcal was inoculated with cells of an 
overnight culture to obtain 5x106 cell mL-1 concentration 
and it was incubated at 12°C without shaking for 30 
days. The tests were carried out in two series.

Semi-industrial fermentation in the winery: The Furmint 
grape must (204.3 gL-1 sugar, pH 3.2) was cleaned with 
a vacuum drum filter and equalized. The inoculation 
concentration was 5×106 cells/ml of the must. The 
fermentations were carried out in 100 L steel tanks for 30 
days. Samples were taken by time course given in 
Figure 1 to observe the dynamics of the fermentation.

Analytics: The alcohol, glucose, fructose, total sugar, 
and acetic acid concentration was measured with a 
Bruker Alpha FTIR spectrometer (Bruker Optic GmbH, 
Germany) and the results were processed with the 
Bruker OPUS software.

Data analysis: Fisher’s test was applied to evaluate the 
significance of differences between variants at p = 0.05 
level. The average values of ethanol concentrations 
determined in samples were used to construct two data 
matrices; the first comprised data of S. cerevisiae strains 
fermenting Yellow Muscat juice (20×12; strain×time), 
while data of strains of three species (S. cerevisiae, S. 
uvarum and St. bacillaris) fermenting Furmint juice 
(3×2×12; species×strain×time) were put into the 
second one.

Both data matrices comprising time-dependent 
percentage values were subsequently analyzed by 
percent of ethanol versus log time regression applying 
Baule-Mitherlich, Gompertz, hyperbolic, logistic, 

kinetics of sugar consumption and carbon dioxide 
production have been examined in details with diverse 
methods, and selection of appropriate parameters of 
kinetics for comparative studies has been discussed 
[55-60]. We focused our attention on the kinetics of 
alcohol production with regard to varietal differences in 
the time course of the process. In the present study, we 
performed fermentations in laboratory models and semi-
industrial scale to compare St. bacillaris and S. uvarum
strains to S. cerevisiae, all isolated from the Tokaj 
(Hungary) region. The experimental data were analyzed 
with Baule-Mithrelich, Gompertz, hyperboloid, logistic, 
logarithmic, polynomial, and probit functions, and 
manual fitting in Descartes plots to reveal the usefulness 
of kinetic parameters of alcohol production in 
comparative studies.



 

 

 

   

 

 

  

 

 

 

 

 

 

 

 
 

   

 
 

 

 

Comparative Evaluation of the Dynamics of Alcohol Producton of Wine Yeast Strains Isolated in Tokaj 
Region

     

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
 e

rs
io
n 

I
V

V
I

Y
ea

r
20

20

3

  
 

( D
)

© 2020 Global Journals

logarithmic, polynomial and probit functions to elucidate 
the character of dynamic changes in ethanol production 
during the fermentation following models described by 
Sváb [62]. The kinetic parameters (Lag phase, Half time 
of alcohol production, and End point) were also 
extrapolated by manual fitting on Descartes’s plot, and 
the values calculated by the above functions were 
correlated to these values by linear regression. Box &
Whiskers plots were used to demonstrate differences 
both in the fitness of regression and predictive power of 
equations to evaluate the applicability of the examined 
regression models.

Statistical functions of Microsoft Office Excel 
2003 (Microsoft, Redmondton, USA) and Statistica5 
programs (StatSoft, Tusla, USA) were used for 
multivariate analysis of data. Graphical presentations of 
the results of data analysis were edited uniformly in MS 
Office PowerPoint 2003.

III. Results and Discussion

The levels of ethanol in the medium were 
determined with high accuracy (Frepl=1.37 > F0.1=2.88). 
The ethanol production of strains was different and 
varied between 11.65 and 12.95 % v/v (FStrain=2.281 > 
F0,05=2.11; p<0.05). All strains isolated in the Tokaj 
region [61] performed better than the type strain (ATCC 
26108) of S. cerevisiae (Table 2).

Plotting the actual ethanol concentrations 
determined analytically versus time of sampling (Fig. 1) 
revealed significant strain-dependent dynamics of 
ethanol accumulation (Fexp=18.2 > F0.001=15.38) during 
the vinification process, where four periods could be 
significantly distinguished (FTime=1532.9, p<0.001) in 
each case. Thus, the detectable amount of ethanol got 
out after lag phase (P1) succeeded first with rapid then 
descending increase (P2 and P3), and the process 
terminated with slow changes (P4) up to the ethanol level 
characteristic to the strain concerned. The length of 
these stages can be determined manually, plotting the 
experimental data. This easy to handle method allows 
the assessment of the character of changes of alcohol 
concentration versus time as well as the crude approach 
of several kinetic parameters (Lag phase, Half time, the 
Specific rate of alcohol production). However, the fitness 
of correlation can not be precisely evaluated. The high 
variations in measured values both in parallel batches 
and performance of strains during the process (Fig. 2) 
indicate changes in the roles of influencing factors in 
vinification process of grape juice, first of all in the start 
of ethanol production (period P1), but parallel to the 
increase of ethanol concentration (over 5 % v/v) this 
variation decreases. Its varietal difference rapidly 
diminishes (c.v. < 1%). Analyzing the time-dependent 
changes in ethanol concentrations on manually fitted 
scatterplot (Fig. 1) the use of sigmoid (logistic and 
Gompertz functions) and saturation (Baule-Mitscherlich, 

hyperbolic and logarithmic functions) models seemed to 
be plausible. Moreover, the applicability of the square 
approach (polynomial function) and linearization via
probit transformation were also tested.

Comparing the fitness of various approaches, 
the sigmoid type models proved to be applicable to our 
set of data with limitations, because of the strong 
asymmetry of the fermentation dynamics (Figs. 1 and 2). 
Although, both logistic [63, 64] and Gompertz [56, 65, 
66] functions were proposed for the analysis of 
dynamics of must fermentation, in our case these seem 
to be useful with care, because of the lack of data at the 
start of the process (stages P1 and P2 in Fig. 1). Thus 
some related results of calculations have been omitted 
of the comparative analysis of models. The 
determination coefficients showed high and strain-
dependent variability of the fitness of regressions (Fig. 
3) in the case of both logistic (symmetric sigmoid, 
r2=0.74-0.99) and Gompertz (asymmetric sigmoid, 
r2=0.70-0.99) functions. Due to extremely high variation 
after inoculation of grape juice, - as it was mentioned 
above, - we assume that the more frequent sampling in 
this period could not improve the exactitude of the 
extrapolations based on the sigmoid functions.

The analysis of a manually fitted scatter plot 
(Fig. 1) corroborates the suggestion of the use of 
saturation models as well. Meanwhile, both logarithmic 
and hyperbolic functions can be directly applied using 
experimental data, the Baule-Mitscherlich (BM) model, 
like the sigmoid one, requests a limit that can be 
determined by either iteration or giving a fixed value. In 
our case the iterated limit of BM function resulted in 
irrationally high ethanol concentrations (14-17 v/v % 
depending on the strain concerned). Thus we fixed the 
limit of this model in maximum ethanol concentration 
measured analytically in new wine produced by the 
actual strain. The determination coefficients in the case 
of BM model varied in strain-dependent manner 
(r2=0.85-0.98) but to a lesser extent than in the case of 
sigmoid functions (see Fig. 3). The fitness of logarithmic 
regression varied in strain-dependent manner (r2=0.87-
0.99) at a lesser extent than BM one. The hyperbolic 
function proved to be much better (r2=0.94-0.99). 
However, the median was less than r2=0.98 in each 
saturation model.

The linear relationship was also used for studies 
the kinetics of fermentation [67]. Still, in our case the 
linearization of experimental data with probit function did 
not improve the fitness of time-dependent regression as 
compared to other models (Fig. 3), the variation of 
determination coefficient varied within wide limits 
(r2=0.84-0.99) in this case too.

The second-order polynomial function 
proposed by several authors [68, 69] was applied to test 
the square approach. This model surpassed all others 
involved; the determination coefficients were over 0.95 in 
each case, and the median was over 0.99, which means 
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this function showed less strain-dependent variation in 
fitting the regression than other models tested (Fig. 3). 
The result of calculations based on the square approach 
was demonstrated in Figure 4 using strains of S. 
cerevisiae and St. bacillaris. The calculated curves fit 
excellently to analytically determined values of alcohol 
concentration of the start to the endpoint of 
fermentation. The expected alcohol content of new 
wines extrapolated applying polynomial function fitted 
well to the analytically measured values, contrary to the 
other models, where the extrapolations resulted in high 
and strain-dependent alterations (Fig. 5). Thus, this 
model was applied for calculation of specific ethanol 
production (Table 2), which intensity varied between 
0.81-4.56 % EtOH per day (0.797-1.396 mM per hour). 
All local strains surpassed the type strain [ATCC 26108], 
which produced 0.81% ethanol per day (0.517 mM per 
hour). Reverse relationship was revealed between the 
Lag phase and the ISEP (r2=0.81, p>0.01), and the 
circumstances of fermentation did not affect this trend. 
No relationship could be elucidated among other known 
properties of strains and intensity of their specific 
ethanol production rate. As it was demonstrated in 
Figure 6, the ISEP is not connected to oenological 
properties of strains, and can not be linked to their 
taxonomic position either (Fig. 7). The other kinetic 
parameters, calculated applying various functions, 
showed large variation in strain-dependent manner as 
well (Fig. 8). The continuance of both lag phase and half 
time extrapolated using polynomial function were more 
similar to experimental values than those computed by 
any other functions (Table 3).

The polynomial function permits to weigh the 
role of constant, primary, and secondary effects as well 
as to analyze their relationships in strain-dependent 
manner (Table 4). The actual ethanol concentration (Y) 
is a product of working cell factories and might be 
extrapolated applying polynomial function 
(Y=A+b1×[X]+b2×[X2]), where [X] is the actual time 
counted of the start of fermentation. At the same time, 
we can conceptualize the coefficients [A], [b1] and [b2] 
as vectors, i.e., sums of various factors influencing the 
ethanol-producing capacity of yeast cells in the 
vinification process. The [A] is a time-independent 
constant, which might be related to a group of 
properties of yeast strains that take part in ethanol 
production in a time-independent manners as well as 
not related to responses of cells to the changing 
environment in the fermentation tank. The influence of 
both [b1] and [b2] manifests in time-dependent mode, 
and can be considered to be vectors of primary and 
secondary factor groups, respectively, and these factors 
most probably take part in the regulation of the 
responses of cells to changes in environmental 
conditions. Our set of data allowed us to weigh their role 
in the regulation of dynamics of alcohol production. 
Their relationships in regulating the strain-dependent 

ethanol production during the time course of the 
vinification process shown in Figure 9. Surprisingly, strict 
trends (p<0.01) were elucidated in the manifestation of 
the simultaneous regulatory effect of these groups of 
factors. The [b1] group of factors counteracted to both 
constant [A] and [b2] groups. Moreover, the influence of 
factors [b1] and [b2] counteracting synchronously in time 
dependent manner was about two times stronger than 
the constant ones, meanwhile, the strength of [b1] group 
surpasses that of the [b2] one about five times. The 
yeast strains fit precisely to trend lines independently on 
their taxonomic position or other known properties. The 
weight of these factor groups changes during the 
vinification in a strain-dependent manner (Table 4). 
None of them dominated either P1 or P4 stages. The 
constant and secondary factors [A and b2] counteracted 
to EtOH production in the second phase (P2) contrary to 
primary one [b1], and the strain-dependent ISEP
negatively correlated to the effect of the primary factor 
group. 

The changes of sugar and acid levels in 
vinification batches of our strains were checked over 
during fermentation earlier [61], and these data were 
used for the multiple regression analysis (Table 5). The 
strain-dependent glucose utilization was connected to 
strain-dependent dynamics of alcohol production only in 
the start (period P1) then the differences between strains 
in this respect became negligible. Meanwhile, the strain-
dependent intensity of fructose utilization took place 
after the half time of EtOH production (period P3) then 
the variation ceased. Contrarily, the acidity remained 
strain-dependent and connected to variations of alcohol 
production during the whole process. 

The coefficients of polynomial function 
(Y=A+[b1×X]+[b2×X2], where Y is the actual alcohol 
concentration measured at X hours after initiation of the 
fermentation) describing the dynamics of ethanol 
formation during vinification process can be connected 
to both extracellular and intracellular factors regulating 
the performance of proper strains, as these coefficients 
are most probably vector sums of a group of factors. 
Thus the Constant [A] is a time-independent variable [or 
group of factors influencing in time-independent 
manner], and the Primary [b1] and Secondary [b2] 
coefficients [or] and their role in the regulation of alcohol 
formations can be weighed correlating the strain-
dependent coefficients with actual concentration of the 
components of fermented grape juice as well as the 
connection between actual concentration of the 
components and the produced ethanol can be revealed 
(Table 6). The Constant [A], acting in time-independent 
manner was not related significantly to strain dependent 
changes of components of fermented grape juice during 
the time course of vinification but fructose level (first 
block of determination coefficients in Table 6).  The 
factors determining the strength of the Primary 
coefficient [b1] strongly influenced the utilization of 
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fructose at the start of ethanol production. In contrast, 
while these factors took a role in the regulation of actual 
levels of acetic acid up to the end of fermentation. 
Altering the formers, the factor group determining the 
weight of the Secondary coefficient [b2] strongly 
influenced the level of all components in the first period 
(P1) of fermentation (see Fig. 1). It remained 
determinative in regulation of the strain-dependent 
acidity up to the end. We suspect that this group of 
factors [b2] was responsible for highly expressed strain-
dependent variation in the start of the vinification 
process. 

The identification of these factor groups is a 
task of the future, and particular experiments should be 
designed to clarify their nature.

a) Prospects
The wine producers are facing more and more 

challenges due to the market demands and also the 
climate change. Recently, there has been an increased 
demand for wines with a more complex aroma 
composition spontaneously fermented by natural wild 
yeast populations. In order to meet this need safely and 
cost-effectively by wineries, the research of starter 
cultures has started to focus on the development of 
non-Saccharomyces starter cultures. Today, a number 
of non-Saccharomyces starter cultures are available to 
allow wineries to model the positive effects of 
spontaneous fermentation on aroma composition with a 
safe and controlled method. However, we have little 
knowledge of how the different species and their mixture 
affect the process of fermentation, its dynamics.
Especially more data requested on their interactions 
when applied via co- and sequential inoculation. The 
extreme, unpredictable weather in the last few years has 
significantly changed the date of harvest compared to 
the usual times and made it difficult to predict it 
accurately. These anomalies caused by climate change 
are new challenges that request appropriate 
developments in vine cultivation. 

In the future, we have to expect the rapid 
development of synthetic biology. Since cracking the 
genetic code of the first wine yeast strain (AWRI1631) in 
2008, the genomes of several other widely used 
commercial wine yeast strains − including AWRI1796, 
EC1118, QA23, VIN7, VIN13, and VL3 − were 
sequenced and compared with the genomes of 
laboratory strains of S. cerevisiae (S288c and Sigma 
1278b) as well as genomes of commercial 
Saccharomyces strains. [49, 70, 71]. The functions of 
several genes have already been elucidated. With these 
results, we can equip the yeasts with advantageous and 
valuable properties for industrial use. For example, the 
FSY1 and MPR1/2 genes are thought to convey 
fermentation robustness and performance; the IRC7 
gene might be associated with aroma enhancement in 
wine. IRC7-expressing strains seem to release more 

volatile thiols during fermentation, thereby increasing the 
fruitiness of the wine. [49, 72].

We would facilitate the planned scheduling of 
the grape processing and winemaking with our ongoing 
work. If we know the analytical parameters of our raw 
material and we know the fermentation ability of the 
starter culture we want to apply well, we can predict the 
duration of fermentation as accurately as possible. After 
further experiments, it is necessary to develop new 
models to be able to predict the dynamics of 
fermentation more and more accurately, calculated with 
the effect of more sophisticated winemaking methods. 
The different inoculation methods, the interaction of 
different yeast species and their mixtures, the supply of 
nutrients, and the regulation of fermentation cycles at 
different temperatures affect the whole fermentation, 
including the time of its duration.

IV. Conclusions

The strain-dependent variations of the dynamics 
of ethanol production during the vinification process can 
be reliably characterized with second-order polynomial 
function (Table 3) that has significant predictive power 
(p<0.05) for calculation of parameters such as Lag-
phase, Half time, Endpoint and Specific Intensity of 
ethanol production. A further advantage of this function 
is the possibility to weigh the role of constant, primary 
and secondary effects as well as to analyze their 
relationships in a strain-dependent manner (Table 4).

Although some quantitative differences 
manifested between Saccharomyces and Starmerella 
bacillaris strains, more non-Saccharomyces strains 
should be involved in studies to make satisfying 
conclusions in this respect. 

Most probably, the toxic effect of ethanol 
produced also affects the strain-dependent dynamics of 
fermentation, primarily in the last phase nearing the End 
point (P4 on Fig. 1), and this sensitivity response may 
influence the interaction of factors regulating both the 
ethanol production and the composition of the new 
wine; however, this assumption needs further studies. 
Nevertheless, the strain-dependent counteractions of 
constant [A] and time-dependent factors ([b1] and [b2]) 
play a seemingly more intensive role in the regulation of 
ethanol production in the first half of the vinification 
process (P1 and P2 stages, see Fig 1). In this period, the 
alcohol concentration is lower than 6 percent, and we 
can assume that the possible autocidal effect is not 
playing a role yet contrary to later phases (P3 and P4

stages, see Fig 1). 
Near linear trend was manifested as well as the 

position of strains fits well independently on their age 
and taxonomic position when interactions of regulating 
factor groups ([A], [b1] and [b2]) were compared (Fig 9). 
Further studies are requested for an explanation of this 
finding. 
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Today we are not living in a time when we can 
be satisfied with routinely applied technologies if we 
want to run our winery successfully and economically on 
a market with a constant oversupply. We need to equip 
ourselves with the latest and most in-depth knowledge 
to gain an advantage. With the development of gene 
technologies, the range of possibilities can only be 
limited by our imagination.

Acknowledgments

The authors would like to thank Anita Kovacs-
Bordan and Gabriella Ferencz for expert technical 
assistance. This research was supported by European 
Agricultural Fund for Rural Development, Grant VP-4-
10.2.2.-15.

Conflict of Interest Statement: The authors declare that 
the research was conducted in the absence of any 
commercial or financial relationships that could be 
construed as a potential conflict of interest.

References  Références Referencias

1. Jolly, N., Varela, C., Pretorius, I. (2013). Not your 
ordinary yeast: Non-Saccharomyces yeasts in wine 
production uncovered. FEMS Yeast Research, 14(2): 
215–237. 10.1111/1567-1364.12111.

2. Davenport, R.R. (1974). Microecology of yeast and 
yeast-lke organisms associated with an English 
vineyard. Vitis, 13:123-130.

3. Mortimer, R., Polsinelli, M. (1999). On the origins of 
wine yeast. Research in Microbiology, 150: 199-204. 
doi 10.1016/S0923-2508(99)80036-9.

4. Heard, G.M., Fleet, G.H. (1985). Growth of natural 
yeast flora during the fermentation of inoculated 
wines. Applied and Environmental Microbiology, 
50:727-728.

5. Ganga, M.A., Martínez, C. (2008). Effect of wine 
yeast monoculture practice on the biodiversity of 
non‐Saccharomyces yeasts. Journal of Applied 
Microbiology, 96 doi 10.1046/j.1365-2672.2003.
02080.x

6. Ciani, M., Maccarelli, F. (1998). Oenological 
properties of non-Saccharomyces yeasts 
associated with wine-making. World Journal of 
Microbiology and Biotechnology, 14:199-203.

7. Egli. C., Edinger, W., Mitrakul, C., Henick‐Kling, T.
(1998) Dynamics of indigenous and inoculated 
yeast population and their effect on the sensory 
character of Riesling and Chardonnay wines. 
Journal of Applied Microbiology 85:779-789.

8. Soden, A., Francis, IL., Oakey, H., Henschke, P.A. 
(2008). Effects of co-fermentation with Candida 
stellata and Saccharomyces cerevisiae on the 
aroma and composition of chardonnay wine. 
Australian Journal of Grape Wine Research, 6:21 -30.

9. Zott, K., Thibon, C., Bely, M., Lonvaud-Funel, A., 
Dubourdieu, D., Masneuf-Pomarede, I. (2011). The 

grape must non-Saccharomyces microbial 
community: impact on volatile thiol release. 
International Journal of Food Microbiology,             
151:210-215. 
https://doi.org/10.1016/j.ijfoodmicro.2011.08.026

10. Guerra E, Sordi G, Mannazzu I, Clementi F., 
Fatichenti F (1999). Occurrence of wine yeasts on 
grapes subjected to different pesticide treatments. 
Italian Journal of Food Science, 11:221-230.

11. Cabras P., Angioni, A. (2000). Pesticide residues in 
grapes, wine, and their processing products. 
Journal of Agricultural and Food Chemistry, 
48(4):967-73. doi: 10.1021/jf990727a.

12. Mauricio, J.C., Guljo, S., Ortega, J.M. (1991). 
Relationship between phospholipid and sterol 
content in Saccharomyces cerevisiae and 
Torulaspora delbruckii and their fermentation activity 
in grape must. American Journal of Enology and 
Viticulture, 42:301-308.

13. Hansen, E.N., Nissen, P., Sommer, P., Nielsen, J.C., 
Arneborg, N. (2001). The effect of oxygen on the 
survival of non‐Saccharomyces yeasts during mixed 
culture fermentations of grape juice with 
Saccharomyces cerevisiae.Journal of  Applied 
Microbiology, 91(3):541-547. https://doi.org/10.1046
/j.1365-2672.2001.01426.x

14. Fleet, G.H. (2003). Yeast interactions and wine 
(review article). International Journal of Food 
Microbiology, 86:11-22. doi:10.1016/S0168-1605
(03)00245-9.

15. Lleixà, J., Martín, V., Portillo, M.C., Carrau, F., 
Beltran, G., Mas, A. (2016) Comparison of 
Fermentation and Wines Produced by Inoculation of 
Hanseniaspora vineae and Saccharomyces 
cerevisiae. Frontiers in Microbiology, 7:338. doi: 
10.3389/fmicb.2016.00338.

16. Xufre, A., Albergaria, H., Inácio, J., Spencer-Martins, 
I.., Gírio, F. (2006). Application of fluorescence in 
situ hybridisation (FISH) to the analysis of yeast 
population dynamics in winery and laboratory grape 
must fermentations. International Journal of Food 
Microbiology, 108(3): 376-384. doi. 10.1016/
j.ijfoodmicro.2006.01.025.

17. Velázquez, R., Zamora, E., Álvarez, M.L., 
Hernández, L.M., Ramírez, M. (2015). Effects of new 
Torulaspora delbrueckii killer yeasts on the must 
fermentation kinetics and aroma compounds of 
white table wine. Frontiers in Microbiology, 6:1222. 
doi: 10.3389/fmicb.2015.01222

18. Pretorius IS (2000). Tailoring wine yeast for the new 
millennium: novel approaches to the ancient art of 
winemaking. Yeast, 16:675–729. doi: 10.1002/1097-
0061(20000615)16:8<675::AID-YEA585>3. 0.CO;
2-B

19. Benito, Á., Calderón, F., Benito, S. (2016). New 
Trends in Schizosaccharomyces Use for 
Winemaking. In: Grape and Wine Biotechnology



 

 

  
 

 

 
 

 
 

  

 

 

 
 

 

 

 

  

 
 

 

 
 

 

 

 

 

 

  

    

 
 

 
 

  

 

 

 

 

 

 

 

 

 

Comparative Evaluation of the Dynamics of Alcohol Producton of Wine Yeast Strains Isolated in Tokaj 
Region

     

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
 e

rs
io
n 

I
V

V
I

Y
ea

r
20

20

7

  
 

( D
)

© 2020 Global Journals

(Morata A and Loira I, editors), Chapter 14, pp. 308-
323. http://dx.doi.org/10.5772/64807.

20. Loiseau, G., Vezinhet, F., Valade, M., Vertes, A., 
Cuinier, C., Delteil, D. (1987). Controle de l'efficacité 
du levurage par la mise en oeuvre de souches de 
levures oenologiques marquées. Revue française 
d'oenologie, 27:29-36. ISSN 0395-899X.

21. Rollero, S., Bloem, A., Ortiz-Julien, A., Camarasa, 
C., Divol, B. (2018). Fermentation performances and 
aroma production of non-conventional wine yeasts 
are influenced by nitrogen preferences. FEMS Yeast
Research, 18(5). foy055, doi 10.1093/femsyr/foy055.

22. Strauss, M.L.A., Jolly, N.P., Lambrechts, M.G., van 
Rensburg, P. (2001). Screening for the production of 
extracellular hydrolytic enzymes by non-
Saccharomyces wine yeasts. Journal of Applied 
Microbiology, 91:182–190. doi: 10.1046/j.13652672.
2001.01379.x.

23. Maturano, P.Y., Rodríguez Assaf  L., Toro, M.E.,  
Nally, C.M., Vallejo, M., Castellanos de Figueroa L.I., 
Combina, M., Vazquez, F. (2012). Multi-enzyme 
production by pure and mixed cultures of 
Saccharomyces and non-Saccharomyces yeasts 
during wine fermentation. International Journal of 
Food Microbiology, 155, 43–50. doi: 10.1016/
j.ijfoodmicro.2012.01.015.

24. Albertin, W., Zimmer, A., Miot-Sertier, C., Bernard, 
M., Coulon, J., Moine, V., Colonna-Ceccaldi, B., 
Bely, M., Marullo, P., Masneuf-Pomarede, I. (2017). 
Combined effect of the Saccharomyces cerevisiae
lag phase and the, non-Saccharomyces consortium 
to enhance wine fruitiness and complexity. Applied 
Microbiology and Biotechnology, 101(20):7603-
7620. doi 10.1007/s00253-017-8492-1.

25. Banno, I., Kaneko, Y. (1989). A genetic analysis of 
taxonomic relation between Saccharomyces 
cerevisiae and Saccharomyces bayanus. Yeast, 
5:S373–S377. ISSNs: 0749-503X.

26. Hawthorne, D., Philippsen, P. (1994). Genetic and 
molecular analysis of hybrids in the genus 
Saccharomyces involving S. cerevisiae, S. uvarum
and a new species, S. douglasii. Yeast, 10:1285–
1296. doi: 10.1002/yea.320101005.

27. Naumov, G.I. (1996). Genetic identification of 
biological species in the Saccharomyces sensu 
stricto complex. Journal of Industrial Microbiology, 
17:295–302. doi: 10. 1007/BF01574704.

28. Marinoni, G., Manuel, M., Petersen, R.F., Hvidtfeldt, 
J., Sulo, P., Piskur, J. (1999). Horizontal transfer of 
genetic material among Saccharomyces yeasts. 
Journal of Bacteriology, 181:6488–6496.

29. Lorenz, A., Fuchs, J., Trelles-Sticken, E., Scherthan, 
H., Loidl, J. (2002). Spatial organisation and 
behaviour of the parental chromosome sets in the 
nuclei of Saccharomyces cerevisiae × S. paradoxus
hybrids. Journal of Cell Science, 115:3829–3835. 
doi: 10.1242/jcs.00066.

30. Antunovics, Z., Nguyen, H.V., Gaillardin, C., Sipiczki, 
M. (2005). Gradual genome stabilisation by 
progressive reduction of the Saccharomyces 
uvarum genome in an interspecific hybrid with 
Saccharomyces cerevisiae. FEMS Yeast Research, 
5:1141–1150. doi: 10.1016/j.femsyr.2005.04.008.

31. Solieri, L., Gullo, M., De Vero, L., Antúnez, O., Pérez-
Ortín, J.E., Giudici, P. (2005). Homogeneity of 
interspecific hybrids between Saccharomyces 
cerevisiae and Saccharomyces uvarum by 
phenotypic and transcriptional analysis. International 
Journal of Biotechnology and Biochemistry, 1:11–21. 
ISSN 0973-2691.

32. Rainieri, S., Kodama, Y., Nakao, Y., Pulvirenti, A., 
Giudici, P. (2008). The inheritance of mtDNA in lager 
brewing strains. FEMS Yeast Research, 8:586–596. 
doi: 10.1111/j.1567-1364.2008.00363.x

33. Bellon, J.R., Eglinton, J.M., Siebert, T.E., Pollnitz, 
A.P., Rose, L., de Barros Lopes, M., Chambers, P.J.
(2011). Newly generated interspecific wine yeast 
hybrids introduce flavor and aroma diversity to 
wines. Applied Microbiology and Biotechnology, 
91:603–612. doi: 10.1007/s00253-011-3294-3.

34. Bellon, J.R., Schmid, F., Capone, D.L., Dunn, B.L., 
Chambers, P.J. (2013). Introducing a new breed of 
wine yeast: interspecific hybridization between a 
commercial Saccharomyces cerevisiae wine yeast 
and Saccharomyces mikatae. PLOS One, 8:e62053. 
doi: 10.1371/journal.pone.0062053.

35. Sanchez, G.R., Solodovnikova, N., Wendland, J. 
(2012). Breeding of lager yeast with Saccharomyces 
cerevisiae improves stress resistance and 
fermentation performance. Yeast, 29:343–355. doi: 
10.1002/yea.2914.

36. Pérez-Través, L., Lopes, C.A., Barrio, E., Querol, A. 
(2014). Stabilization process in Saccharomyces intra 
and interspecific hybrids in fermentative conditions. 
International Microbiology, 17:213–224. doi: 
10.2436/20.1501.01.224.

37. Lopandic, K., Pfliegler, W., Tiefenbrunner, W., 
Gangl, H., Sipiczki, M., Sterflinger, K. (2016). 
Genotypic and phenotypic evolution of yeast 
interspecies hybrids during high-sugar fermentation. 
Applied Microbiology and Biotechnology, 100:6331–
6343. doi: 10.1007/s00253-016-7481-0.

38. Karanyicz, E., Antunovics, Z., Kallai, Z., Sipiczki, M. 
(2017). Non-introgressive genome chimerisation by 
malsegregation in autodiploidised allotetraploids 
during meiosis of Saccharomyces kudriavzevii ×
Saccharomyces uvarum hybrids. Applied 
Microbiology and Biotechnology, 101:4617–4633. 
doi: 10.1007/s00253-017-8274-9.

39. Nikulin, J., Krogerus, K., Gibson, B. (2018). 
Alternative Saccharomyces interspecies hybrid 
combinations and their potential for low-temperature 
wort fermentation. Yeast, 35:113–127. doi: 
10.1002/yea.3246.

https://www.sciencedirect.com/science/article/pii/S016816051200044X#!�


 

 

 

 

 

 

 

 
 

 

 
 

  
 

 
 

 
 

 
 

 

 
 

   
   
     

  

 

 

 
 

 

 
 

 
 

 

 

 

 

 
 

 

 
 

 

 

 

  

Comparative Evaluation of the Dynamics of Alcohol Producton of Wine Yeast Strains Isolated in Tokaj 
Region

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
 e

rs
io
n 

I
V

V
I

Y
ea

r
20

20

8

  
 

( D
)

© 2020 Global Journals

40. Peris, D., Alexander, W.G., Fisher, K.J., Moriarty, 
R.V., Basuinob, M.G., Ubbelohde, E.J., Wrobel, R.L., 
Hittinger, C.T. (2020). Synthetic hybrids of six yeast 
species. Nature Communications, 11:2085. doi 
10.1038/s41467-020-15559-4.

41. Sipiczki, M. (2019). Yeast two- and three-species 
hybrids and high-sugar fermentation. Microbial 
Biotechnology, 2019:5. doi: 10.1111/1751-
7915.13390.

42. Lairón-Peris, M., Pérez-Través, L., Muñiz-Calvo, S., 
Guillamón, J.M., Heras, J.M., Barrio, E., Querol, A. 
(2020). Differential contribution of the parental 
genomes to a S. cerevisiae×S. uvarum hybrid, 
inferred by phenomic, genomic, and transcriptomic 
analyses, at different industrial stress conditions. 
Frontiers in Bioengineering and Biotechnollogy, 
8:129. doi: 10.3389/fbioe.2020.00129.

43. Szabó, A., Antunovics, Z., Karanyicz, E., Sipiczki, M. 
(2020). Diversity and Postzygotic Evolution of the 
Mitochondrial Genome in Hybrids of 
Saccharomyces Species Isolated by Double Sterility 
Barrier. Frontiers in Microbiology, 11:838. doi: 
10.3389/fmicb.2020.00838.

44. Borneman, A.R., Desany, B.A., Riches, D., Affourtit, 
J.P., Forgan, A.H., Pretorius, I.S., Egholm, 
M., Chambers, P.J. (2012). The genome sequence 
of the wine yeast VIN7 reveals an allotriploid hybrid 
genome with Saccharomyces cerevisiae and 
Saccharomyces kudriavzevii origins. FEMS Yeast 
Research, 12(1):88-96. doi:10.1111/j.1567-
1364.2011.00773.x.

45. Duan, Z., Andronescu, M., Schutz, K., McIlwain, 
S.K., Kim, Y.J., Lee, C.I., Shendure, J., Fields, S.,
Blau, C.A., Noble, W.S. (2010). A three-dimensional 
model of the yeast genome. Nature, 465:363–7. 
https://doi.org/10.1038/nature08973.

46. Gibson, D.G., Venter, J.C. (2014). Synthetic biology: 
Construction of a yeast chromosome. Nature, 
509(7499):168-169. doi:10.1038/509168a. 

47. Lajoie, M.J., Rovner, A.J., Goodman, D.B., Aerni, 
H.R., Haimovich, A.D., Kuznetsov, G., Mercer, J.
A., Wang, H.H., Carr, P. A., Mosberg, J. A., Rohland, 
N., Schultz, P. G., Jacobson, J. M., Rinehart, 
J., Church, G. M., Isaacs, F. J. (2013). Genomically 
recorded organisms expand biological functions. 
Science, 342: 357–360 doi: 10.1126/
science.1241459.

48. Mercy, G., Mozziconacci, J., Scolari, V.F., Kun Yang, 
K., Guanghou Zhao, G., Thierry, A., Luo, Y., Mitchell, 
L.A., Shen, M., Shen, Y., Walker, R., Zhang, W., Wu, 
Y., Xie, Z-X., Luo, Z., Cai, Y., Dai, J., Yang, H., Yuan, 
Y-J., Boeke, J.D., Bader, J.S., Muller, H., Koszul, R. 
(2017). 3D organization of synthetic and scrambled 
chromosomes. Science, 355:1050–eaaf4597. doi: 
10.1126/science.aaf4597.

49. Pretorius, I.S. (2020). Tasting the terroir of wine 
yeast innovation. FEMS Yeast Research, 20(1). 
foz084. doi 10.1093/femsyr/foz084.

50. Lee, D., Lloyd, N.D., Pretorius, I.S., Borneman, A.R. 
(2016). Heterologous production of raspberry 
ketone in the wine yeast Saccharomyces cerevisiae
via pathway engineering and synthetic enzyme 
fusion. Microb Cell Factories, 15:49. 
doi:10.1186/s12934-016-0446-2.

51. Lambrechts, M.G., Pretorius, I.S. (2000). Yeast and 
its importance to wine aroma - a review. South 
African Journal of Enology and Viticulture, 21:97-129. 
ISSN 0253-939X.

52. Benito, S., Palomero, F., Morata, A., Calderon, F., 
Suárez-Lepe, J.A. (2012). New applications for 
Schizosaccharomyces pombe in the alcoholic 
fermentation of red wines. International Journal of 
Food Science and Technology, 47(10):1-8. 
doi:10.1111/j.1365-2621.2012.03076.x.

53. Unterholzner, O., Aurich, M., Platter, K. (1988). 
Geschmacks und Geruchsfehler bei Rotweinen 
verursacht durch Schizosaccharomyces pombe L. 
Mitteilungen Klosterneuburg, Rebe und Wein, 
Obstbau und Früchteverwertung, 38:66-70.

54. Raynal, C., Wardrop, F., Pillet, O., Languet, P., 
Dumont, A., Ortiz-Julien, A. (2011). An innovative 
tool for the winemaker: sequential inoculation with a 
non-Saccharomyces yeast and a Saccharomyces 
cerevisiae yeast. Lallemand Inc. p. 16. https://lalle-
mandwine.com/wp-content/uploads/2014/04/Sequ-
ential-Inoculation-with-a-non-Sacch- aromyces-and-
a-Saccharomyces-Yeast-ENG-2010.pdf

55. Rinaldi, S., Tiano, A., Serban, S., Pittson, R., Lajic,
Z., Politi, H., El Murr, N., Armani, A., Cavazza, A.
(2006). Monitoring wine quality and fermentation 
kinetics with innovative technologies. In: XXIX 
Congreso mundial de la vi˜na y el vino: 4a asamblea 
general de la O.I.V. Madrid: Ministerio de agricultura, 
pesca y alimentaci´on: p. 10.

56. O’Neill, B., van Heeswijck, T., Muhlack, R. (2011). 
Models for predicting wine fermentation kinetics. 
Proceedings of CHEMECA 2011, held in Sydney, 
Australia, 18-21 September 2011, http://
hdl.handle.net/2440/70308.

57. Assar, R., Vargas, F.A., Sherman, D.J. (2012). 
Reconciling Competing Models: A Case Study of 
Wine Fermentation Kinetics. In: Horimoto, K., 
Nakatsui, M., Popov, N. (eds) Algebraic and 
Numeric Biology. Lecture Notes in Computer 
Science, vol 6479. Springer, Berlin, Heidelberg, doi 
10.1007/978-3-642-28067-2.

58. Zinnai, A., Venturi, F., Sanmartin, C., Andrich, G. 
(2019). The Kinetics of Alcoholic Fermentation by 
Two Yeast Strains in High Sugar Concentration 
Media. Journal of Bioprocessing and Biotechniques, 
3(2):2-5. doi 10.4172/2155-9821.100013.



  

 

 

  
 

 
 

 
 

 

 
 

  

 

 

 

 
 

 

 
 

 

  

 

 

  
 

 

 

   

 

 
  

 
 

  

 
 

 
 

  

 
 

 

 

 

Comparative Evaluation of the Dynamics of Alcohol Producton of Wine Yeast Strains Isolated in Tokaj 
Region

     

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
 e

rs
io
n 

I
V

V
I

Y
ea

r
20

20

9

  
 

( D
)

© 2020 Global Journals

59. Báles, V., Timár, P., Baláž, J., Pavel, T. (2016). Wine 
fermentation kinetic model verification and 
simulation of refrigeration malfunction during wine 
fermentation. Acta Chimica Slovaca, 9, 10.1515/acs-
2016-0010.

60. Gava, A., Ficagna, E., Rossato, S.B., Cisilotto, B., 
Miotto, S.P.S., Gabbi, H.T. (2016). Change in Kinetic 
parameters of commercial yeast in the presence of 
copper fungicides. 39th World Congress of Vine and 
Wine, Bio Web of Conferences, Section Oenology, 
vol. 7, Article number 02029, https://doi.org/
10.1051/bioconf/20160702029.

61. Kállai, Z., Pfliegler, W.P., Mitercsák, J., Szendei, G., 
Sipiczki, M. (2019). Preservation of diversity and 
oenological properties of wine yeasts during long-
term laboratory maintenance: A study of strains of a 
century-old Tokaj wine yeast collection. 
Lebensmittel-Wissenschaft & Technologie, 101:789-
798. doi: 10.1016/j.lwt.2018.12.002.

62. Sváb, J. (1981). Biometric methods in research. III. 
Analysis of the correlation of quantitative variables 
by regression analysis. pp. 263-425. 
Mezőgazdasági Kiadó, Budapest, [MG 3040-8183].

63. Wang, D., Xu, Y., Hu, J., Zhao, G. (2004). 
Fermentation kinetics of different sugars by apple 
wine yeast, Saccharomyces cerevisiae. Journal of 
The Institute of Brewing, 110(4):340-346. doi 
10.1002/j.2050-0416.2004.tb00630.x

64. Zhang, G.F., Li, X.L., Chen, W.X., Chen, P.S., Jin, 
X.F., Chen, W.J., Chen, H.M. (2018). Organic Acid 
Content and Antioxidant Capacity. Fermentation 
Kinetics of, Matured Coconut (Cocos nucifera) 
Water Fermented by Saccharomyces cerevisiae
D254. International Journal of Food Engineering, 
14(3). AR 20170331. doi 10.1515/ijfe-2017-0331.

65. Diaz-Hellin, P., Ubeda, J., Briones, A. (2013). 
Improving alcoholic fermentation by activation of 
Saccharomyces species, during the rehydration 
stage. Lwt-Food Science., Technology, 50(1):126-
131. doi 10.1016/j.lwt.2012.06.011.

66. Giovanelli, G., Peri, C., Parravicini, E. (1996). 
Kinetics of grape juice fermentation under aerobic 
and anaerobic conditions. American Journal of 
Enology., Viticulture, 47(4):429-434.

67. Tronchoni, J., Gamero, A., Arroyo-Lopez, F.N., 
Barrio, E., Querol, A. (2009). Differences in the 
glucose and fructose consumption profiles in 
diverse, Saccharomyces wine species and their 
hybrids during grape juice, fermentation. 
International Journal of Food Microbiology, 
134(3):237-243. doi 10.1016/j.ijfoodmicro.2009.
07.004

68. Boudjema, K., Fazouane-Naimi, F., Hellal, A. (2015). 
Optimization of the Bioethanol Production on Sweet 
Cheese Whey by Saccharomyces cerevisiae DIV13-
Z087C0VS using Response Surface Methodology 

(RSM). Romanian Biotechnological Letters, 
20(5):10814-10825.

69. Caldeirao, L., Tanaka, C., Ida, E., Spinosa, W. 
(2016). Modeling., kinetic study of bio-ethanol 
production from soy protein, concentrate by-
product. Food Science and Technology, 36(2):369-
374, DOI: 10.1590/1678-457X.0021.

70. Borneman, A.R., Forgan, A.H., Pretorius, I.S., 
Chambers, P.J. (2008). Comparative genome 
analysis of a Saccharomyces cerevisiae wine strain. 
FEMS Yeast Research, 2008; 8:1185–95. doi: 
10.1111/j.1567-1364.2008.00434.x.

71. Galeote, V., Novo, M., Salema-Oom, M., Brion, C., 
Valério, E., Gonçalves, P., Dequin, S. (2010). FSY1, 
a horizontally transferred gene in the 
Saccharomyces cerevisiae EC1118 wine yeast 
strain, encodes a high-affinity fructose/H+symporter. 
Microbiology, 56:3754–61. doi: 10.1099/mic.
0.041673-0.

72. Belda, I., Ruiz, J., Navascués, E., Marquina, D., 
Santos, A. (2016). Improvement of aromatic thiol 
release through the selection of yeasts with 
increased β-lyase activity. International Journal of
Food Microbiology, 225:1–8. doi: 10.1016/j.ijfood-
micro.2016.03.001

73. Toro, M.E., Vazquez, F. (2002). Fermentation 
behaviour of controlled mixed and  sequential 
cultures of Candida cantarellii., Saccharomyces 
cerevisiae wine yeasts. World Journal of 
Microbiological Biotechnology, 18: 351-358. doi: 
10.1023/A:1015242818473.

74. Porter, T.J., Divol, B., Evodia Setati, M. (2019). 
Lachancea yeast species: Origin, biochemical 
characteristics and oenological significance. Food 
Research International, 119:378-389. doi 
10.1016/j.foodres.2019.02.003.

75. Soden, A., Francis, I.L., Oakey, H., Henschke, P.A. 
(2008). Effects of co-fermentation with Candida 
stellata and Saccharomyces cerevisiae on the 
aroma., composition of chardonnay wine. Australian 
Journal of Grape., Wine Research, 6:21 -30. doi: 
10.1111/j.1755-0238.2000.tb00158.x

76. Escribano-Viana, R., González-Arenzana, L., Portu, 
J., Garijo, P., López-Alfaro, I., López, R., 
Santamaría, P., Gutiérrez, A.R. (2018). Wine aroma 
evolution throughout alcoholic fermentation 
sequentially inoculated with non-
Saccharomyces/Saccharomyces yeasts. Food 
Research International, 112:17-24. doi.org/10.1016/
j.foodres.2018.06.018.

77. Varela, C., Sengler, F., Solomon, M., Curtin, C. 
(2016). Volatile flavour profile of reduced alcohol 
wines fermented with the non-conventional yeast 
species Metschnikowia pulcherrima and 
Saccharomyces uvarum. Food Chemistry, 209: 57-
64. doi 10.1016/j.foodchem.2016.04.024.



 

 

 
 

 
 

 
 

 
 

 

 
 

 

 

 

 

 
 

 

       
 

  
  

 

 

 
 

 

 
 

 
 

 

 

  

 

  

 

  
 

 
 

  

 

 
  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Comparative Evaluation of the Dynamics of Alcohol Producton of Wine Yeast Strains Isolated in Tokaj 
Region

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
  
Is
s u

e 
  
  
 e

rs
io
n 

I
V

V
I

Y
ea

r
20

20

10

  
 

( D
)

© 2020 Global Journals

78. Clemente-Jimenez, J.M., Mingorance-Cazorla, L., 
Martínez-Rodríguez, S., Las Heras-Vázquez, F.J., 
Rodríguez-Vico, F. (2005). Influence of sequential 
yeast mixtures on wine fermentation. International 
Journal of Food Microbiology, 98(3):301-308. doi 
10.1016/j.ijfoodmicro.2004.06.007.

79. Garcia, A., Carcel, C., Dulau, L., Samson, A., 
Aguera, E., Agosin, E., Günata, Z. (2006). Influence
of a Mixed Culture with Debaryomyces vanriji and 
Saccharomyces cerevisiae on the Volatiles of a 
Muscat Wine. Journal of Food Science. 67. 1138 -
1143. 10.1111/j.1365-2621.2002.tb09466.x

80. Fleet, G.H. (2008). Wine yeasts for the future. FEMS 
Yeast Research, 8:979–995. doi: 10.1111/j.1567-
1364.2008.00427.x

81. Rojas, V., Gil, J.V., Piñaga, F., Manzanares, P. 
(2001). Studies on acetate ester production by non-
Saccharomyces. International Journal of Food 
Microbiology, 70: 283-289. doi 10.1016/S0168-
1605(03)00255.

82. Moreira, N., Mendes, F., Guedes De Pinho, P., 
Hogg, T., Vasconcelos, I. (2008). Heavy sulphur 
compounds, higher alcohols and esters production 
profile of Hanseniaspora uvarum and Hanseniaspora 
guilliermondii grown as pure and mixed cultures in 
grape must. International Journal of Food 
Microbiology, 124: 231-238. doi: 10.1016/
j.ijfoodmicro.2008.03.025.

83. Viana, F., Gil, J.V., Valldes, S., Manzanares, P. 
(2009). Increasing the levels of 2-phenylethyl 
acetate in wine through the use of a mixed culture of 
Hanseniaspora osmophila and Saccharomyces 
cerevisiae. International Journal of Food 
Microbiology, 135: 68 -74. doi: 10.1016/
j.ijfoodmicro.2009.07.025.

84. Medina, K., Boido, E., Dellacassa, E., Carrau, F. 
(2012). Growth of non-Saccharomyces yeasts 
affects nutrient availability for Saccharomyces 
cerevisiae during wine fermentation. International 
Journal of Food Microbiology, 157(2)::245-250. 
doi.org/10.1016/j.ijfoodmicro.2012.05.012.

85. Ye, M., Yue, T., Yuan, Y. (2014). Effects of sequential 
mixed cultures of Wickerhamomyces anomalus., 
Saccharomyces cerevisiae on apple cider 
fermentation. FEMS Yeast Research, 14(6):873-882. 
doi.org/10.1111/1567-1364.12175.

86. Mendoza, L., de Nadra, M., Farías, M. (2007). 
Kinetics., metabolic behavior of a composite culture 
of Kloeckera apiculata and Saccharomyces 
cerevisiae wine related strains. Biotechnology 
Letters, 29:1057-1063. doi: 10.1007/s10529-007-
9355-0.

87. Zironi. R., Romano, P., Suzzi, G., Battistutta, F., 
Comi, G. (1993). Volatile metabolites produced in 
wine by mixed and sequential cultures of 
Hanseniaspora guilliermondii or Kloeckera apiculata

and Saccharomyces cerevisiae. Biotechnology 
Letters, 15:235-238. 10.1007/BF00128311.

88. Erten, H., Tanguler, H. (2010). Influence of Williopsis 
saturnus yeasts in combination with Saccharomyces 
cerevisiae on wine fermentation. Letters of Applied 
Microbiology, 50:474-479.

89. Lu ,Y., Chew Hui Peh, J., Lee, P.R., Liu, S.Q. (2017). 
Modulation of grape wine flavor via the sequential 
inoculation of Williopsis saturnus and 
Saccharomyces cerevisiae. Food Biotechnology, 
31(4): 245-263. doi.org/10.1080/08905436.2017.
1369434.

90. Lee, P.R., Chong, I.S.M., Yu, B., Curran, P., Liu, S.Q. 
(2012). Effects of sequentially inoculated Williopsis 
saturnus and Saccharomyces cerevisiae on volatile 
properties of papaya wine. Food Research 
International, 45:177-183. doi 10.1016/j.foodres.
2011.10.011.

91. Porter, T.J., Divol, B., Evodia Setati, M. (2019). 
Lachancea yeast species: Origin, biochemical 
characteristics and oenological significance. Food 
Research International, 119:378-389. doi 10.1016/
j.foodres.2019.02.003.

92. Sipiczki, M. (2003). Candida zemplinina sp. nov, an 
osmotolerant., psychrotolerant yeast that ferments 
sweet botrytized wines. International Journal of 
Systematic., Evolutionary Microbiology, 53(6):2079-
2083. doi:10.1099/ijs.0.02649-0. ISSN 1466-5026. 
PMID 14657149.

93. Csoma, H., Sipiczki, M. (2008). Taxonomic 
reclassification of Candida stellata strains reveals 
frequent occurrence of Candida zemplinina in wine 
fermentation. FEMS Yeast Research, 8(2):328-336. 
doi: 10.1111/j.1567-1364.2007.00339.x

https://en.wikipedia.org/wiki/Digital_object_identifier�
https://doi.org/10.1099%2Fijs.0.02649-0�
https://en.wikipedia.org/wiki/International_Standard_Serial_Number�
https://www.worldcat.org/issn/1466-5026�
https://en.wikipedia.org/wiki/PubMed_Identifier�
https://www.ncbi.nlm.nih.gov/pubmed/14657149�
https://doi.org/10.1111/j.1567-1364.2007.00339.x�


Table 1: Potential of non-Saccharomyces yeast strains to improve wine quality 

Sequential yeast used Reference  Sequential yeast used  Reference  
Candida cantarellii [73]  Lachancea lanzarotensisd  [74]  
Candida stellata [75]  Lachancea thermotolerans  [74]  
Candida zeylanoides [76]  Metschnikowia pulcherrima  [77, 76]  
Candida zemplininaa [17]  Pichia fermentans  [78]  
Debaryomyces vanrijib,g [79, 80]  Pichia guilliermondii  [81]  
Hanseniaspora guilliermondii [82]  Pichia membranifaciens  [81]  
Hanseniaspora osmophila [83]  Schizosaccharomyces pombe  [52, 53]  
Hanseniaspora uvarum [82]  Torulaspora delbrueckiia  [17, 76]  
Hanseniaspora vineaec [84]  Wickerhamomyces anomalus f  [85] 
Kloeckera apiculata [86, 87]  Williopsis pratensis  [76]  
Kluyveromyces marxianus [81]  Williopsis saturnus  [88, 89,  90]  
Lachancea fermentatid [91]  Zygosaccharomyces bailii  [76]  

Strains of listed species have been involved in experiments in the past two decades and their effects on wine 
quality have been elucidated in cited publications.  
aAppropriate for carrying out the alcoholic fermentation [17]; b  β-glucosidase activity; cconcurrent; dH2S production; 
emalic acid conversion to ethanol; fcider fermentation; gsyn: Candida famata.   
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Table 2: Kinetic parameters of the fermentation dynamics of wine yeast strains

Strainsa Oenological parameters b

Code Source Typef L.P. H.T. H-Lg SEP h DCi EtOHj

Saccharomyces cerevisiae (Desm.) Meyen
10-157 type strain of S. c. B 142 301 160 0.517 0.998 11.65a

10-1390 com. starter culture E 115 200 85 0.911 0.995 12.25c

10-1343 Young wine A 151 276 125 0.797 0.974 12.60gh

10-1346 Young wine A 100 187 87 0.965 0.997 12.85kl

10-1352 Young wine D 74 191 116 0.686 0.989 12.25c

10-1345 Young wine A 115 234 119 1.396 0.987 12.45de

10-1347 Young wine A 105 204 98 1.022 0.971 12.85kl

10-1350 Young wine C 96 191 95 0.941 0.978 12.75jk

10-1357 Muscat Lunel wine D 85 169 85 0.799 0.995 12.55fg

10-1358 Young Furmint wine B 114 261 147 0.662 0.989 12.20bc

10-1348 Wine sediment A 174 282 108 0.777 0.950 12.15b

10-1349 Wine sediment A 151 258 107 0.971 0.971 12.70ij

10-1355 Wine sediment A 120 259 139 0.897 0.990 12.90lm

10-1351 Wine sediment A 110 226 116 0.902 0.987 12.65hi

10-1354 Furmint sediment C 104 182 78 1.059 0.997 12.85kl

10-1344 Furmint sediment D 95 166 71 0.975 0.996 12.45de

10-1353 Furmint sediment A 101 198 97 0.939 0.995 12.45de

10-1356 5-year old aszú wine B 98 199 101 0.875 0.994 12.95m

10-1359 5-year old aszú wine C 102 187 85 0.805 0.968 12.60gh

10-489 sweet botrytized mustc n.d. 79 108 29 2.001 0.993 12.69ij

10-493. sweet botrytized mustc n.d. 57 107 49 1.305 0.999 12.89lm

Saccharomyces uvarum Beij
10-486 sweet botrytized mustc n.d. 49 78 29 1.610 0.974 12.52ef

10-499 sweet botrytized mustc n.d. 65 98 32 1.898 0.992 12.66hi

Starmerella bacillaris (Kroemer & Krumbholz) F.L. Duarte & Á. Fonseca
10-374 sweet botrytized mustd n.d. 104 148 44 1.649 98 12.68i

10-5-11 Botrytized grapee n.d. 99 104 6 1.708 89 12.44d

aAll strains but 10-157 [ATCC 26108] and 10-1390 [Uvaferm 43; Lallemand Inc., Montreal, Canada] were 
isolated in Tokaj Wine region and deposited in the collection of Department of Genetics and Applied 
Microbiology of University of Debrecen. Data on the origin and oenological properties of 10-1343 to 10-1358 
were delineated by Kállai et al. [61]. bAbbreviations: L.P. and H.T. = lag phase and half time (hours). cStrains 
isolated of botrytized grape must by Antunovics et al. [30]. dStrain was isolated identified by Sipiczki [92]
eStrain was isolated and identified by Csoma and Sipiczki [93]. fType of strains according similarities in 
oneological properties (see Fig. 7). gTime (hours) requested to produce half of the final ethanol concentration 
since the end of lag phase. hSpecific ethanol production (SEP) produced at half time (mM h-1). iDetermination 
coefficients of regression curves used for calculation of parameters (see Fig. 1). jEthanol concentrations in 
new wines, the percentage values (v/v) labelled by the same letter are not different at p<0.05 level 
(LSD0.05=0.075, F=18.2).



Table 3: Similarity of kinetic parameters calculated by various functions 

   
           

           
          
          

           

           

           
           
           

          
           
           

  

  

 

Table 4: Connection between etaps of fermentationa and strain dependent factors of 
polynomial functions describing dynamics of the ethanol production 

Variable (D) 
Importance of factor groupsb  Parameters of the equationc  

βC  βP  βS  Chi-sqr.  R-sqr.  p λ  Prime  
EtOH conc.d 0.2217  -0.2762  0.3048  11.75  0.4210  0.0083  0.5790  

Lag phasee 0.0044  0.1517  -0.2633  26.54  0.7090  7.4E-06  0.2910  

Half timef -0.2875  0.4331  62.51  -0.5323  0.9454  1.8E-13  0.0546  

H-Lg -0.5188  0.6451  58.18  -0.7267  0.9332  1.5E-12  0.0668  

ISEPh 0.4147  -0.5527  28.26  0.6448  0.7314  3.2E-06  0.2686  
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Matrix B Limits (h)
Matrix A MAN SIG GOM PRO SAT LOG HYP POL min max
Manual 0.38 0.380 0.414 0.327 0.596 0.462 0.494 0.768 57 174
Sigmoid 0.287 0.63 0.565 0.676 0.250 0.838 0.824 0.859 0 126

Gompertz 0.005 0.026 0.01 0.527 0.083 0.668 0.719 0.762 2 97
Probit 0.003 0.012 0.210 0.01 0.242 0.803 0.795 0.856 15 70

Saturation 0.633 0.208 0.002 0.023 0.47 0.323 0.370 0.620 88 287

Logarithmic 0.717 0.390 0.017 0.057 0.602 0.95 0.970 0.954 16 120
Hyperbolic 0.693 0.330 0.004 0.085 0.559 0.936 0.98 0.968 23 126
Polynomial 0.925 0.290 0.001 0.328 0.315 0.756 0.904 0.70 55 121
Limits (hours)
minimum 102 71 130 129 107 66 59 67
maximum 296 394 301 297 330 296 275 294

Determination coefficients of regression between values of lag phases (time requested for start of detectable 
production of ethanol, etap P1 on Fig 1) and half times (etap P2 on Fig 1) of fermenting S. cerevisiae strains (N=21) 
calculated by log/probit, Baule Mitcherlich (saturation), logarithmic, hyperbolic and polynomial functions or obtained 
by manual fitting. The variations in fitness of named approaches were demonstrated in Figure 3.

Matrix A – lag phases (the limits are shown in vertical columns), Matric B – half times (the limits are in last lines), while 
determination coefficients related to the similarities between lag phases and half times calculated by the same 
function (two digits) are in diagonal cells (r2=0.179, p<0.05; r2=0.288, p<0.01; r2=0.426, p<0.001).

a=See Fig. 1. b= Coefficients (βC, βP, βS) of the functions (D1-25={[CSQ]1-25+[PSQ]1-25+[SSQ]1-25}), 
where D1-25= dependent variable; CSQ1-25=Constant; PSQ1-25=Primary; SSQ1-25=secondary 
coefficients of the polynomial functions of 25 strains describing the dynamics of their ethanol 
production, respectively; 
c= Parameters of the multiple linear regression function: D=f(X1,X2,X3), where D is a dependent variable 
of the first column.
d=Ethanol concentrations in new wines fermented by proper strains listed in Table 1. Data imported of 
Kállai et al. [61]; e= Strain dependent Lag phases (hours) of EtOH production. f= Strain dependent time 
(hours) requested to reach the 50% of the final EtOH concentration produced by proper strains as 
measured of the start of fermentation. 
g= Time (hours) requested to reach the 50% of EtOH by proper strains of the start production. h= 
Specific rate of alcohol production (mol EtOH/hour); 



Table 5: Time dependent influence of strain characters on dynamic changes in composition of the 
fermented grape juice 

Parameters  
Time course (days)  

Frepl  
5  10  15  20  25  30  

Glucose  0.9216***  0.5680+  0.0704- 0.0005- 0.0002- 0.0189- 0.53  

Fructose  0.9742***  0.9047***  0.6837+  0.1304- 0.0031- 0.0084- 0.04  

TS-TF-TG  0.8520**  0.0535- 0.0046- 0.0606- 0.4820- 0.3654-  

Acetic acid  0.8179**  0.7715*  0.9105***  0.8591*  0.8545**  0.8866**  1.88  

TA-AA  0.9920***  0.9913***  0.9823***  0.9808***  0.9769***  0.9894***   

pH  0.9961***  0.9974***  0.9959***  0.9948***  0.9985***  0.9972***  0.03  

The concentrations of components measured (parameter) by the given time course were imported from Kállai et al.  [61], 
and used for calculations applying multiple regression analysis to reveal the connection between dynamics of ethanol 
production and changes in composition of the fermented grape juice.  TS-TF-TG=[total sugar]-[glucose]-[fructose], TA-
AA=[total acids]-[acetic acid].  

The R^2 is the determination coefficient of the function P(1-21)=[C(1-21)+b1(1-21)+b2(1-21)] where P(1-21)  is the parameter 
measured at the time of sampling and the [C(1-21)+b1(1-21)+b2(1-21)] are coefficients  of proper functions describing the 
dynamics of alcohol production of each strain [n=21] EtOH(0-30)=C+b1X+b2X^2 describing the dynamics of ethanol 
production (Figure 3). We call the cases strain dependent where the coefficients were labelled with symbols + (p=0.05-
0.1), *(p=0.01-0.05), **(p=0.001-0.01), ***(p<0.001) and strain independent with - (p>0.1). The F values show the 
exactitud of the measurement of the parameter concerned F0.1=3.18).  

The values of DCs are proportional to dependence of strain properties related to dynamics of ethanol production, and 
values lower than 0.5 might be considered as low importance of proper strain characters in this respect. For example, 
changes in glucose level were strain dependent only in first etaps of vinification (P1  and P2  in Fig. 1), and the number of 
stars marks the strength of effect.  

Table 6: The influence of factors regulating strain dependent dynamics of ethanol 
production on the actual level of components in fermented grape juice. 

Factors
 

Components
 Time course (days)

 

5 10
 

15
 

20
 

25
 

30
 

C
on

st
an

t
 

(A
)

 

Glucose
 

0.181
 

0.018
 

0.014
 

>0.001
 

>0.001
 

>0.001
 

Fructose
 

0.172
 

0.682
 

0.016
 

0.003
 

0.001
 

0.003
 

TS-TF-TG
 

0.029
 

0.038
 

0.019
 

0.005
 

0.050
 

0.076
 

Acetic acid
 

0.459
 

0.332
 

0.395
 

0.312
 

0.274
 

0.447
 

P
rim

ar
y

 

(b
1)

 Glucose
 

0.416
 

0.001
 

0.005
 

>.0.001
 

>0.001
 

>0.001
 

Fructose
 

0.427
 

0.813
 

0.094
 

0.017
 

0.002
 

0.004
 

TS-TF-TG
 

0.175
 

0.065
 

0.027
 

0.000
 

0.131
 

0.123
 

Acetic acid
 

0.402
 

0.548
 

0.444
 

0.545
 

0.438
 

0.575
 

S
ec

on
da

ry
 

(b
2)

 Glucose
 

0.049
 

0.610
 

>0.001
 

0.001
 

0.002
 

0.001
 

Fructose
 

0.880
 

0.237
 

0.639
 

0.049
 

0.002
 

0.004
 

TS-TF-TG
 

0.388
 

0.101
 

0.034
 

0.014
 

0.254
 

0.171
 

Acetic acid
 

0.428
 

0.603
 

0.645
 

0.541
 

0.575
 

0.661
 

Determination coefficient (DC) of multiple regression (time changes in the
 

level of component given 
versus proper coefficient) higher than 0.5 mark selective and significant effect (p<0.05) of the strain 
dependent factor group (underlined). The values of DCs are proportional to dependence of strain 
properties related to dynamics

 
of ethanol production, and values lower than 0.5 might be considered 

as low importance of proper strain characters in this respect. For example, changes in glucose level 
were strain dependent only in first etaps of vinification (P1

 
an P2

 
in Fig. 1).
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The amounts of ethanol produced by reference strain [ATTC 26108] were marked with opened circles, while 
those of S. cerevisiae

 

strains described by Kállai et al. [61] were marked with short lines. Full lines drawn manually 
show kinetics of changes in ethanol production (AC) of less and most potent strains (48 and 52), respectively, while 
the stripped curve was fitted to plotted experimental data of reference strain with function AC(%)= -0.0167[Time]2

 

+ 
1.0361[Time] – 4.57 (R² = 0.9964).

 

The process of alcoholic fermentation can be divided into four periods; P1

 

– no measurable amount in the 
medium (lag phase), P2

 

– accelerating growth of concentration, P3

 

– near monotonous growth, P4

 

– retarding growth. 
The arrow L

 

marks the interval between lag phases of less to most rapid strains, while the arrow H

 

marks the interval 
of the time requested to rich the half of produced ethanol concentration of less to most potent producers in the set of 
strains examined, and correspondingly; max

 

is the range between lowest and highest ethanol concentrations in new 
wines, meanwhile Th

 

is the half of former values.
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Figure 1: Time dependent changes of ethanol concentration during the fermentation of grape juice
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Figure 2: Changes of varietal differences in production of ethanol during fermentation

The broken line markes time dependent average values of actual ethanol concentration in the medium 
(coordinate at right side). The time dependent variation of ethanol production (diamonds, coordinate at left side) 
relates to dissimilarity of fermentation capacity of S. cerevisiae strains (n=19) at the given sampling time.
Abbreviation: P1, P2, P3 and P4 at the top of graph are intervales distinguished in Figure 1.

Arrows L, H and EP imported from Figure 1 show the strain dependent variation (minimum to maximum) of 
lag phase, half time and end point. Th = The average half time of the set of S. cerevisiae strains isolated in Tokaj 
region. 
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Figure 3: Box & whiskers plot of determination coefficients of functions applied for extrapolation of kinetic 
parameters of the alcohol fermentation by S. cerevisiae strains

Box and whiskers plots were constructed of the determination coefficient values of the curve fittings based 
on experimentally measured ethanol concentration in samples taken during the fermentation in the medium of 21 S. 
cerevisiae strains, applying logistic (SIG), Gompertz (GOM), Baule-Mitcherlich (SAT), probit (PRO), logarithmic 
(LOG), hyperbolic (HYP) and polynomial (SQU) functions.

The higher coefficients show the higher significance of similarity between calculated and experimentally 
determined ethanol concentrations in the medium. Numbers at the right side of boxes in vertical arrows show cases 
that could be fitted at p>0.1, 0.1>p>0.05 and p<0.05 probability levels.

Abbreviations: maximum (max) and minimum (min) values, lower (LQ) and upper (UQ) quartiles, the white 
line is the median in the black box that shows the size of the middle two quartiles.



  

 

The curves were calculated of experimentally determined ethanol concentrations (AC) in the medium 
(measured values at subsequent samplings of S. cerevisiae

 
[10-486] and St. bacillaris

 
[10-374] are marked with full 

circles and squares, respectively):
 

S. cerevisiae; AC(%)= -0,0167[Time]2
 

+ 1,0361[Time] - 4,57 (R² = 0,9964)
 

St. bacillaris; AC(%)= -0,0167[Time]2
 

+ 1,0361[Time] - 4,57 (R² = 0,9964)
 

Abbreviations: LP=Lag phase, HT=Half time, E.P.= End point, D= time requested to produce half of the 
final ethanol content by strains, Cmax=the maximum ethanol concentration calculated, S.c.exp

 
and

 
S.b.exp=ethanol 

concentration measured at the end (E.P.) of fermentation, S.c.max

 
and

 
S.b.max= ethanol concentration measured at the 

end (E.P.) of fermentation, S.b.exp
1= time requested to produce ethanol concentration measured at the end point (this 

value for S. cerevisiae
 

equal with calculated one).
 

The bold arrows indicate points of the end of lag phase (LP) and the half time (HT) of S. cerevisiae
 

(full line) 
and St. bacillaris

 
(stretched line); the values were compiled in Table 1.
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Figure 4: Dynamics of ethanol accumulation during vinification
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Figure 5: Box & whiskers plot of either measured or extrapolated ethanol concentrations of new wines 
fermented by S. cerevisiae strains of Yellow Muscat must 

The concentration of ethanol measured in new wine (EXP) was taken as a standard for comparison of 
concentration values extrapolated applying logistic (SIG), Gompertz (GOM), Baule-Mitscherlich (SAT), probit (PRO), 
logarithmic (LOG), hyperbolic (HYP) and polynomial (SQU) funcions. Box and whiskers plots were constructed of the 
measured values (EXP) or extrapolated ethanol concentration at the end of fermentation in the medium of 21 S. 
cerevisiae strains. The dotted line shows the median of analytically measured values.

Abbreviations: maximum (max) and minimum (min) values, lower (LQ) and upper (UQ) quartiles, the white 
line is the median in the black box that shows the size of the middle two quartiles.



 
  

 

The number of strains correspond to that in Table 2. The specific rate of ethanol production (mM h-1) was 
calculated in half time applying polynomial function (see Table 2).

 

The clustergram was computed of data published by Kállai et al. [61]. The strains comprised in 
subcluesters differ in their oenological properties at p<0.05.
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Figure 6: Relationships between specific rate of ethanol production and similarities of oenological 
properties of S. cerevisiae strains
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The clusterograms have been imported of our earlier work Kállai et al. [61], either interdelta (left side) or RAPD 
(right side) method was applied for elucidating the molecular diversity of strains.The number of strains corresponds to
the last two numerals in codes of strains given in Table 1. Columns assigned to the left graph indicate time intervals of
the inoculation to the evolution of detectable ethanol concentration (Lag phase, white prism) and subsequent period to
produce 50 % of the final alcohol content in new wine fermented by the given strain (black prism), while the others at the
right side are proportional to specific rate of ethanol production calculated at Th of the strain concerned, with polynomial
function (p<0.05).

Abbreviations: AT=type stain [ATCC 26105] and UV=commercial starter strain [UVA43]; L = Lag phase,               
Th = half time; Source: YW = young wine, WS = wine sediment, FS = Furmint sediment, MLW = Muscat Lunel wine,
YFW = young Furmint wine, 5YAW = 5 years old aszu wine; Types: A → D = Subclusters (See Fig. 7); Bars: the 
genetic distances according to Kállai et al. [61].

Figure 7: Relationships between specific ethanol production rates of strains and their genetic variability
established on the base of molecular diagnostics



  

 The lag phase (white box) and half time (black box) of ethanol production extrapolated either manually (EXP) 
or applying logistic (SIG), Gompertz (GOM), saturation (SAT), probit (PRO), logarithmic (LOG). hyperbolic (HYP) and 
polynomial (SQU) funcions. Abbreviations: maximum (max) and minimum (min) values, lower (LQ) and upper (UQ) 
quartiles, black or white lines are the median in white or black boxes, respectively. The boxes show the size of the 
middle two quartiles. The horizontal dotted lines indicate either the median of manually fitted values of lag phases or half times.  
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Figure 8: Turn points in alcohol production



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The regression lines P (Pi = -0.8585Ci - 9.7445, r2=0.98) and S (Si = 0.1795Ci + 5.0738, r2=0.94) mark relationship 

between time dependent primary and secondary factors versus time independent constant factors influencing intensity of actual 
ethanol production of strains (i). 

The labels correspond to the last two numerals of strains in codes given in Table 2. Abbreviations: T=type stain [ATCC 
26105] and C=commercial starter strain (opened circles) of S. cerevisiae (closed circles) fermented Yellow Muscat must in 
laboratory models, while S. cerevisiae and S. uvarum strains (opened squares and triangles, respectively), and Z1[93] and Z2 
[30] strains of St. bacillaris (full squares) fermented Furmint grape must in a winery. 
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Figure 9: Relationships between constant and time dependent factors influencing the strain specific ethanol 
production
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