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Abstract

In this paper we focus on possibilities of using natural microflora from vineyards to enhance spontaneous fermenta-
tion. Obtained yeast isolates, naturally occurring in vineyards, which were previously isolated in 2017 and 2018, were 
used for inoculation of Hibernal grape must. Spontaneously fermented musts and musts with the yeast isolates from 
2017 and 2018 were compared. Basic parameters of the musts (sugar concentration, pH, concentration of titratable 
acids, concentration of assimilated nitrogen) were analysed studied, and a sensory analysis of the resultant wines 
was performed. The fermentation with the yeast isolates was quick and smooth. In the spontaneous fermentation 
lower ethanol production rate was observed at the end of the fermentation process. During the sensory evaluation, 
fruitiness of the spontaneously fermented batch was lower, but its vegetal characteristic was pronounced. The var-
iant with the yeast isolates from 2017 was described as smooth, and the variant with yeast isolates from 2018 was 
evaluated as slightly vegetal.
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1 Introduction

Wine is a result of a complex microbial bioconversion of 
grape must in which various microorganisms participate 
(Liu et al., 2017). Of those microorganisms yeasts are the 
most important since they play a key role in the grape 
must conversion into wine. Their production of ethanol 
and other metabolites during alcohol fermentation (AF) 
phase substantially influences wine quality (Ciani et al., 
2016). Selected strains of Saccharomyces cerevisiae are 
usually used as starting cultures that are useful for sup-
port and complete biological control of AF. Thanks to 
these strains of yeast, the fermentation process becomes 
controllable (Garofalo et al., 2016; Berbegal et al., 2017; 
Petruzzi et al., 2017).
 During a spontaneous fermentation, musts are fer-
mented by yeast species of natural microbiota of vine. In 
the beginning, apiculate wine yeasts comprise 99% of all 
the yeasts in the must, representing the natural microflo-

ra of a grape. These yeasts start the fermentation process. 
They have the ability to ferment must with a concentra-
tion of alcohol of up to 5%. After that, more resistant 
yeasts of the Saccharomyces cerevisiae species take over 
this function. Some suggest that the Saccharomyces cer-
evisiae yeast do not live in nature and that they occur 
only in viticulture instead (Martini, 1993). However, it 
was confirmed that the Saccharomyces cerevisiae yeasts 
occur in grapes and enter the fermentation process with 
must (Polsinelli et al., 1996; Török et al., 1996). The ad-
vantage of non-Saccharomyces yeasts is the speed of the 
exponential phase of growth and their enzymatic equip-
ment. Thanks to this, these yeasts influence the aromatic 
properties of fermenting wines differently. However, the 
quality and diversity of the resulting wines do not origi-
nate in spontaneous fermentation in wine cellars, but in 
a vineyard. Bacterial communities present in a particu-
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lar vineyard can affect the sensory properties of grapes 
and the resulting wines. Bacterial communities in the 
soil are significantly different from communities settling 
on plant surfaces (canes, leaves, blossoms and grapes). 
The soil bacteria related to roots significantly influence 
plant growth and nutrition. The location of vineyards is 
always characterized by soil microbiome. Zarraonaindia 
et al. (2015) suggest that, primarily, the soil and its mi-
croorganisms affect the amount and species of individual 
yeasts in grapes and, because of their character, allow the 
production of the so-called terroir wines.
 Spontaneous fermentation is the oldest process of 
wine production; its suppression led to a development 
of technical microbiology and a pursuit to unify and 
standardise production. The unique taste of a product, 
which attracts consumers, makes them buy the product 
and repurchase it, is specific thanks to the fermentation 
process. In past years, studies have focused on the influ-
ence of microorganisms (not only yeasts) on the senso-
ry properties of wine (Vigentini et al., 2015; Zarraonain-
dia et al., 2015). The effect of the vineyard environment 
is perceived as essential for the wine characteristics. 
It significantly overshadows the influence of biologi-
cal factors, assuming that the cultural wine yeasts of 
the Saccharomyces genus and other microorganisms 
can metabolically leave chemical traces in a wine bou-
quet. It is assumed that if the microorganisms are not 
intentionally inoculated, they originate from the grapes 
themselves (Mortimer et al., 1999). Some microorgan-
isms may also come from viticultural equipment (Boku-
lich et al., 2013).
 Earlier studies independently suggest the rarity of 
the Saccharomyces cerevisiae species on grapes and, con-
versely, its majority during alcohol fermentation. Studies 
focusing on a distribution of several strains of Saccha-
romyces cerevisiae during wine production (Bouix et al., 
1981) using various identification methods, identified 
different strains of Saccharomyces cerevisiae, which were 
found not only on grapes and but also on walls or floors in 
wine cellars. These were the same yeasts that occurred in 
harvest containers, pressers and on pickers’ hands. Com-
mon methods for yeast identification have been known 
since long ago. They may range from mitochondrial DNA 
analysis, pulsed-field gel electrophoresis to MALDI-TOF 
(matrix assisted laser desorption/ionisation coupled 
with time-of-flight mass spectrometry) analysis of ribo-
somal proteins (Hudspeth et al., 1980; Hwang-Lee et al., 
1983; Schwartz et al., 1984). It has been proven many 
times that there is a huge genetic diversity in the strains 
of Saccharomyces cerevisiae (Dubourdieu et al., 1987; 
Blondin et al., 1988; Hallet et al., 1988; Dubourdieu et al., 
1990; Portugal et al., 2015).

 Zarraonaindia et al. (2015) provide evidence that the 
microbial communities on grapes and those in must are 
most similar compared to other sources of wine-making 
microbes. This suggests that a pre-fermentation plant 
community remains relatively stable, or at least more 
stable than a community among plant organs. Pretorius 
et al. (1999) found that the presence or absence of Sac-
charomyces cerevisiae can be different for every plant and 
grape. The diversity and quantity of the microbiological 
population is also influenced by weather conditions, such 
as temperature, UV radiation, rainfall, sunlight, wind as 
well as the method of vineyard treatment (Chamberlain 
et al., 1997; Barata et al., 2012). The importance of the 
autochthonous population presence on grapes and dur-
ing fermentation is generally known (Fleet, 2003; Barata 
et al., 2012). For this reason, it is not always possible to 
obtain the same end product from spontaneous fermen-
tation. This issue is currently solved using commercial 
yeast strains in the fermentation process, however, at 
the expense of the autochthonous characteristics of wine 
(Clemente-Jimenez et al., 2004).

This paper is focused on monitoring the effects of two 
consortia of wine microorganisms obtained from sponta-
neous fermentations in 2017 (variant b) and 2018 (var-
iant c), compared with direct spontaneous fermentation 
without inoculation of any consortium (variant a). This 
paper is one of a few studies dealing with the character-
isation of microorganism consortia in wine (Bokulich et 
al., 2012; Bokulich et al., 2016; Marzano et al., 2016).

2 Material and Methods

2.1 Cultivation media
MEA+T Agar (Sigma-Aldrich, Germany): Nutrient me-
dium from wort agar supplemented with tetracycline 
(a broad-spectrum antibiotic against both G+ and G- bac-
teria). Only eukaryotic microorganisms grow on this me-
dium.
WLN (Sigma-Aldrich, Germany): Nutrient agar for count-
ing and culturing yeast and bacteria. Composition: agar 
20 g.L-1, bromocresol green 0.022 g.L-1, calcium chloride 
0.125 g.L-1, casein enzymic hydrolysate 5 g.L-1, dextrose 
50 g.L-1.
MRS (Sigma-Aldrich, Germany): Nutrient agar for the de-
termination of lactic bacteria. Composition: Agar 12 g.L-1, 
diammonium bicarbonate 2 g.L-1, potassium hydrogen 
phosphate 2 g.L-1, D(+) glucose 20 g.L-1, magnesium sul-
phate 0.1 g.L-1, manganese sulphate 0.05 g.L-1, meat ex-
tract 5 g.L-1, sodium acetate 5 g.L-1, universal peptone 
10 g.L-1, yeast extract 5 g.L-1.
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YPD (Sigma-Aldrich, Germany): Solid medium for yeast 
multiplication. Composition: Bacteriological peptone 
20 g.L-1, yeast extract 10 g.L-1, glucose 20 g.L-1, agar 15 g.L-1.
ME (Sigma-Aldrich, Germany): Agar consists of tryptose; 
yeast extract; glucose; disodium hydrogen phosphate; 
sodium azide; 2,3,5-triphenyltetrazolium chloride; agar; 
and distilled or deionised water.

2.2 Yeast consortia
Consortia of wine microorganisms were separated from 
spontaneous fermentation of pressed grape must of Hi-
bernal grapevine variety. Due to the highest diversity of 
microorganisms, the most suitable sampling point for their 
isolation was the micro-sparkling point, when the first 
signs of fermentation were visually observed. During this 
case of spontaneous fermentation, 20 mL of the fermenting 
must was taken at the micro-sparkling point. The sample 
was subsequently diluted using the so-called decimal se-
ries (Koch dilution method). From each dilution 2 ml were 
pipetted onto Petri dishes with MEA+T, WLN, and MRS 
culture medium, and a microbiological rod smear was per-
formed. The Petri dishes were then placed in a thermostat 
(30 °C; WLN and MEA+T – 3 days; MRS – 7 days, Table 1). 
 At the end of the cultivation, the total number of mi-
croorganisms and individual colonies was counted based 
on a combined analysis of phenotypic characters. 

2.3 Growth characteristics
Growth characteristics of individual isolates were de-
termined after pre-cultivation in standard media (yeast 
– YPD; lactic acid bacteria – MRS) with the following cul-
ture conditions: 30 °C; shaking 120 rpm; yeast 24 h; and 
lactic acid bacteria 72 h. 
 The obtained cell suspensions were centrifuged 
(10 min; 10 °C; 10,000 rpm), washed with saline solu-
tion, and then re-suspended in a selected media (yeast 
– YPD, ME, YPDmod; lactic acid bacteria – MRS, YPD, and 
YPDmod) so that the resulting optical density value of 
the suspension was 0.2 at a wavelength of 600 nm. 
 The obtained suspension was then pipetted onto Bio-
screen C culture plates (Oy Growth Curves Ab Ltd). Each 
arrangement (microorganism x medium) consisted of five 
repetitions to ensure that relevant results are achieved. 
The culture conditions of the Bioscreen C device were 
set as follows: 30 °C; shaking every 3 mins; duration of 
one shaking cycle = 1 min; and the so-called wide band of 
wavelengths – WB (420–620 nm). The maximum growth 
rate µ (h-1) was then calculated from the measured data 
of optical density from the growth curve, and the maxi-
mum optical density ODMAX was determined. These data, 
along with the shape of the growth curves, served to as-
sign culture media to individual isolates.

2.4 MALDI TOF analysis
The MALDI TOF method was used to identify present 
microorganisms. It is a very accurate and simple method 
which is able to determine high molecular weight sub-
stances, proteins, peptides, lipids, nucleic acids, carbohy-
drates (Huong et al., 2014).
 An essential part of the MALDI TOF measurement 
was the preparation of fresh α-cyano-4-hydroxycin-
namic acid. The organic solvent was prepared by mixing 
500 µL of acetonitrile (100%), 475 µL of distilled water 
and 25 µL of trifluoroacetic acid. Before use, 250 µL of 
organic solvent was added to a plastic tube. The contents 
of the tube were vortexed until complete dissolution of 
the crystals. α-Cyano-4-hydroxycinnamic acid was stored 
in a dark place; it is ideal to prepare it one day before the 
measurement.
 The cultures were applied to a clean metal plate for 
MALDI TOF and the culture was set to dry on the plate. It 
was then covered with 1 microliter of α-cyano-4-hydrox-
ycinnamic acid. At the same time it was important to ho-
mogenize the sample and the matrix (Jarolímková, 2017).
 Unlike the analysis of bacteria, preprocessing of the 
yeast isolates was required to extract fungal proteins. The 
protein extraction method used to process yeast isolates 
for MALDI-TOF MS was adapted directly from established 
methods used to identify difficult bacterial isolates. Spe-
cifically 1 to 5 colonies of an isolate were inactivated in 
75% ethanol, pelleted, and then suspended in a 1:1 mix-
ture of 70% formic acid and acetonitrile. The resulting 
supernatant was then analyzed by MALDI-TOF MS (Mar-
klein et al., 2009; Bader et al., 2011; Dhiman et al., 2011). 

2.5 Cultivation of individual isolates
The aim of this procedure was to cultivate individual iso-
lates of technologically important microorganisms and 
preserve them using the lyophilisation method. A sepa-
rate cultivation of individual microbial isolates was per-
formed on the basis of the information obtained from the 
growth characteristics. Individual taxa were first pre-cul-
tured in 250 mL Erlenmeyer flasks (100 mL medium 
volume; orbital stirring 120 rpm; 20 °C). The media for 
microorganisms are shown in Table 1. The pre-cultured 
cell suspension was examined microscopically (cell mor-
phology, elimination of contamination) and centrifuged 
(10,000 rpm; 10 min; 10 °C). 
 After separating the supernatant, the pellet was 
washed with saline solution and re-centrifuged 
(10,000 rpm; 10 min; 10 °C) and re-suspended in pure 
culture medium. The prepared suspension served as the 
inoculum for the second cultivation stage, which was car-
ried out in 2,000 mL Erlenmeyer flasks (1,000 mL medi-
um volume; orbital stirring at 100 rpm; 30 °C). 
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 After the cultivation was complete, the suspension 
was repeatedly centrifuged and washed as described in 
the previous step. The obtained biomass was mixed with 
cryoprotective medium (maltodextrin) and shock-frozen 
(70 °C; 24 h). The frozen suspension was then lyoph-
ilised. The viability of the obtained dehydrated biomass 
was then determined, and according to the qualitative 
and quantitative microbiological analysis and the cell vi-
ability in the lyophilisate, the CWM2017 (variant b) and 
CWM 2018 (variant c) consortia were compiled.

Mass representation of individual isolates contained in 
the consortia of 2017 and 2018 are presented in Table 2 
and Table 3. Two different axenic cultures of S. cerevisiae, 
designated I and II, three clones of Lactobacillus brevis, 
designated I, II and III, and two clones of Lactobacillus 
plantarum, designated I and II, were isolated. 

2.6 Fermentation trials
It is assumed that the grapes after harvest already con-
tain their own microflora, and that there is possibility to 
support the spontaneous fermentation by the previously 
isolated microbial consortium.

For this purpose, three trial fermentations were performed:
Variant a 
– spontaneous fermentation of must harvested in 2019;
Variant b 
– inoculation by a consortium of yeasts obtained in 2017;
Variant c 
– inoculation by a consortium of yeasts obtained in 2018.

Individual yeast isolates were initially cultured in 50 mL 
Erlenmeyer flasks (25 mL medium volume; orbital stirring 
at 120 rpm; 30 °C). The media and the culture times used 
for the individual isolates are shown in (Table 1). In the ob-
tained cell suspension, the cell density was determined by 
microscopic cell counting in a Bürker chamber. The calculat-
ed amount of this suspension was then pipetted into a final 
concentration of 108 cells.mL-1 in a 250 mL Erlenmeyer flask 
(100 mL YPDm medium volume; without shaking; 25 °C). 
Fermentation was monitored by the gravimetric method; 
weight loss due to the metabolic conversion of fermentable 
sugars to carbon dioxide and ethanol was observed. 

For the experimental batch, a Hibernal variety was chosen 
(the variety was bred in Germany, 1944, a crossbreed of 
Seibel variety 7053 (Chancellor) and Riesling). The harvest-
ed grapes were crushed immediately after delivery to the 
processing plant and destemmed by an electric stainless 
steel destemmer (Enoitalia, Italy). The acquired must was 
immediately pressed in a pneumatic press with a volume 
of 1200 L (Wottle, Austria). Approximately 320 L of must 
was acquired from 500 kg of grapes. The pressed must 
was clarified through sedimentation (after 24 h, 16 °C). 

Table 1	 Taxonomic	identification,	culture	medium	 
and	cultivation	time	of	microorganisms	in	consortia

Table 2	 Mass	representation	of	individual	isolates	 
in	CWM	2017	(variant	b)

Table 3	 Mass	representation	of	individual	isolates	 
in	CWM	2018	(variant	c)

Taxonomic identification Culture  
medium

Cultivation 
time (h)

Lactobacillus	brevis MRS 32

Lactobacillus	plantarum MRS 48

Hanseniaspora	gulliermondi YPDm 22

Saccharomyces	cerevisiae	1 YPDm 36

Hanseniaspora	uvarum	1 YPD 9

Hanseniaspora	uvarum	2 YPD 17

Saccharomyces	cerevisiae	2 YPDm 24

Zygosaccharomyces	bailii YPD 12

Candida	sake YPD 10

CWM 2017

Taxonomic identification % w/w

Saccharomyces	cerevisiae 59.3

Hanseniaspora	uvarum 19.9

Candida	sake 19.8

Lactobacillus	plantarum	I 0.3

Lactobacillus	brevis	I 0.2

Lactobacillus	brevis	II 0.2

Lactobacillus	brevis	III 0.2

Lactobacillus	plantarum	II 0.1

CWM 2018

Taxonomic identification % w/w

Lactobacillus	brevis 3.6

Lactobacillus	plantarum 3.1

Hanseniaspora	gulliermondi 0.8

Saccharomyces	cerevisiae	I 3.4

Hanseniaspora	uvarum	I 28.1

Hanseniaspora	uvarum	II 5.4

Saccharomyces	cerevisiae	II 3.4

Zygosaccharomyces	bailii 24.4

Candida	sake 27.9
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The turbidity value after clarification was approximately 
400 NTU. Regarding the low sugar content, the grape must 
was treated by addition of sucrose to final concentration 
of reducing sugars 19 °NM (3.3 kg sucrose per 100 L of 
must). The prepared must was further divided into three 
parts, with about 100 L of volume in each. The first part 
was used for the experimental batch fermented by spon-
taneous microflora, the second for the batch fermented by 
the CWM 2017 (variant b) and the third for fermentation 
by the CWM 2018 (variant c), obtained during the past 
years of the experiment. For optimal results, sterile micro-
filtered grape must was used and the inoculated variants 
were compared to the spontaneous fermentation under 
the same conditions as the inoculated variants.
 Inoculation of each variant was performed using 
lyophilized consortia CWM17 (variant a) and CWM18 
(variant b). Amount of 30 g consortia, were individual-
ly stirred in a mixture containing 500 mL of sterilized 
grape must and 500 ml of water under a temperature of 
approximately 30 °C. After 5 hours, the yeast starter was 
added into the total volume of prepared must. 
 After fermentation (14 days), the wine variants were 
racked to remove coarse materials and returned to clean 
containers with a pump. A 30 mg.L-1 dose of SO2 was also 
added. The wine was left to sediment and, for the needs 
of sensory analysis, the concentration of free SO2 was 
kept between 25–30 mg.L-1. The wine was left without 
access to air in an inert container.

2.7 Basic chemical parameters of must and wines

The sugar concentration was determined by a refractom-
eter (Atago, Japan). Brix scale was converted to °NM.
 The pH value was estimated in an undiluted sample us-
ing a pH-meter WTW pH 526 and SenTix 21 pH electrode 
(WTW, Germany). The total acidity (EEC No 2676/90) 
was determined in a TITROLINE EASY automatic titrator 
(manufacturer SI Analytics GmbH, Germany). Titrations 
were performed with NaOH (0.1 mol.L-1) as the titration 
reagent, using a SenTix 21 pH electrode. Sample (10 mL) 
was diluted with 10 mL of distilled water, and titrated up to 
pH 8.1 because of a subsequent formol titration. The con-
sumption of NaOH solution was calculated and total acidity 
was expressed as equivalents of tartaric acid in g.L-1. At the 
end of the titration, 5 mL of formaldehyde was added, the 
pH dropped, and the titration continued to the pH 8.1. The 
resulting consumption of NaOH indicates the amount of as-
similable nitrogen in the must (mg.L-1) (Balík, 2011).

The analytical parameters of the must and fermenting 
wine were monitored using an ALPHA analyzer (Bruker, 
Germany). The ALPHA spectrometer is a compact FTIR 

analyzer based on the principle of ATR sampling (Bauer 
et al., 2008).This method of sampling allows the must or 
wine samples to be analyzed directly. Prior to the meas-
uring of the first sample, the apparatus was thorough-
ly rinsed with distilled water and the background was 
measured using deionized water as a blank sample. For 
analyses 1 mL of sample was sampled with a syringe. 
The grape must/wine was centrifuged and CO2 from the 
fermenting must was removed using an ultrasonic bath. 
Depending on the method of calibration (must/wine/
fermenting wine), the recorded data were automatically 
software-evaluated and tabulated (OPUS wine).

2.8 Sensory analysis
The wines were evaluated by five tasters who are cer-
tified expert assessors for the sensory analysis of wine, 
according to ISO 8586:2012 (Standardization, 2012). All 
variants were assessed using the 100-point scale accord-
ing to the International Union of Oenologists IUOE.

The last category of the sensory evaluation was the as-
sessment of the aromatic and mightiness profiles. Three 
pairs of opposite characteristics were evaluated. The 
taster only selected one from each pair and rated it on 
a scale of one to five: 
• Oxidative versus reductive;
• Herbaceous, tannic versus soft, smooth; 
• Fruity, ester versus vinous, waxy.

2.9 Statistical analysis
Statistical analyses and figures were generated using Ex-
cel 2007 software packages (manufactured by Microsoft 
Office, USA) and Statistica 10 statistical software (Copy-
right © StatSoft). A SD standard deviation from the total 
number of three trials was calculated.

3 Results and discussion

3.1 Fermentation trials
Before starting the fermentation process, the initial analyt-
ical parameters of the must were determined. The results 
are presented in Table 4. Regarding the low sugar concen-
tration 16 °NM and the associated risk for instability of the 
resulting wine, the grape must was treated by adding su-
crose to the final concentration of reducing sugars 19 °NM. 
The assimilable nitrogen content 321 mg.L-1 was sufficient, 
so supplementary nutrition was not necessary.
 During the whole fermentation process, alcohol concen-
tration, sugars and pH were monitored. Samples were taken 
on the 6th, 9th, 12th and 14th day of the fermentation. The re-
sults are presented in Figures 1, 2 and 3 and in Table 5.



R. Holešinský et al. Kvasny prumysl (2020) 66: 296–306

301

Compared to the spontaneous fermentation, a smooth-
er fermentation can be observed in the variants inoc-
ulated by the consortia. Figure 1 illustrates evolution 
of the alcohol concentration in the spontaneously fer-
mented must in comparison with the must fermented 
with the CWM 2017 (variant b) and CWM 2018 (vari-
ant c) consortia. In the case of the spontaneous fermen-
tation, a lower ethanol production rate can be seen on 
the 9th day of the fermentation and a higher concen-
tration of reducing sugars was observed in this variant.
 Figure 2 illustrates the evolution of the reducing 
sugars content during the spontaneous fermentation 
and the fermentation with the CWM 2017 (variant b) 
and CWM 2018 (variant c) consortia.
 Significant differences between the variants in-
oculated with the consortia within the progress of 
fermentation were not observed. The differences 
were observed only in the resulting wine when the 
concentrations of the reducing sugars were 0.69 g.L-1 
in the spontaneous fermentation, 1.35 g.L-1 in CWM 
2017 (variant b) and 3.30 g.L-1 in the CWM 2018 
(variant c). The alcohol concentration ranged from 
11.33% v/v in CWM 2018 (variant c) to 11.72% v/v 
in CWM 2017 (variant b) (Table 2).
 The pH values were different in all the variants 
during the fermentation. Figure 3 illustrates the evo-
lution of the pH value during the fermentation pro-
cess. The spontaneous fermentation and CWM 2018 
(variant c) had a pH value of 3.5 over the first 11 days, 
compared with the higher pH for CWM 2017(vari-
ant b), at 3.55. From the 12th day, the pH increased 
to 3.6 for the spontaneous fermentation and CWM 
2017(variant b) and to 3.65 for CWM 2018 (variant 
c). These values can be affected by yeast by-products 
occurring during fermentation and by the activity of 
lactic acid bacteria at the end of the alcohol fermenta-
tion process.
Three groups of microorganisms are generally pres-
ent in wine during fermentation: the initial phase 
contains apiculate yeast, the main phase is relat-
ed to the growth of Saccharomyces yeasts, and the 
third is related to lactic acid bacteria participating 
in malolactic fermentation. Thus, the wine’s quality 
is strongly dependent on the variety of species and 
strains in a microbial consortium, which is constantly 
developing during a wine-making process (Barata et 
al., 2012). 

The spontaneous process of alcohol fermentation 
progressed without problems; however, a slower pro-
gress was observed in a higher alcohol concentration 
at the final stage of fermentation. This is confirmed 

Table 4	 Basic	analytical	parameters	of	the	must	before	
	 inoculation	by	consortia

Note:	 YAN	–	yeast	assimilable	nitrogen

Sugar 
concentration °NM pH Total acidity g.L-1 YAN mg.L-1

16.0 ± 0.0 3.51 ± 0.02 6.48 ± 0.11 321 ± 3

Figure 1	 Evolution	of	alcohol	concentration	during	trial	fermentations:
	 SF	=	variant	a	=	spontaneous	fermentation;	CWM17	=	variant	b	

=	consortium	of	wild	microorganisms	from	2017;	CWM18	=	
variant	c	=	consortium	of	wild	microorganisms	from	2018.
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Figure 2	 Consumption	of	reducing	sugars	during	trial	fermentations:
	 SF	=	variant	a	=	spontaneous	fermentation;	CWM17	=	variant	b	

=	consortium	of	wild	microorganisms	from	2017;	CWM18	=	
variant	c	=	consortium	of	wild	microorganisms	from	2018.

Figure 3	 Monitoring	of	pH	value	during	trial	fermentations:
	 SF	=	variant	a	=	spontaneous	fermentation;	CWM17	=	variant	b	

=	consortium	of	wild	microorganisms	from	2017;	CWM18	=	
variant	c	=	consortium	of	wild	microorganisms	from	2018.
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by Egli et al. (1998) in their study. A minimum amount 
of reducing sugars remained in the wine. The alcohol 
fermentation of CWM 2017 (variant b) and CWM 2018 
(variant c) was quick and smooth. The CWM 2018 (var-
iant c) contained the highest concentration of reducing 
sugars compared with CWM 2017 (variant b) and the 
spontaneous fermentation. The total acidity ranged from 
4.71 g.L-1 to 4.96 g.L-1, and the concentration of the acetic 
acid ranged from 0.43 g.L-1 in CWM 2018 (variant c) to 
0.51 g.L-1 in the spontaneous fermentation (variant a).
 The fermentation of all variants lasted for 14 days. 
The progress of the fermentation by individual consor-
tia did not significantly differ, except in the case of the 
spontaneous fermentation (variant a) in which a lower 
ethanol production rate was observed on the 9th day. Re-
garding the CWM 2017 (variant b) and CWM 2018 (var-
iant c), the signs of the initial process of alcohol fermen-
tation were observed on the 6th day after the inoculation. 
The beginning of the spontaneous fermentation (variant 
a) was delayed starting on the 7th day. The start of the 
fermentation process was slightly slower for the sponta-
neous fermentation (variant a); however, further fermen-
tation progress was almost identical for all the samples. 
 This fact is also confirmed by previous studies that 
show smoother fermentation progress using the Saccha-
romyces yeast (Egli et al., 1998; Pretorius et al., 1999; Fleet, 
2003). The prediction of the yeast population in the spon-
taneous fermentation is difficult to achieve. For this rea-
son, there is a risk of profiling non-Saccharomyces strains, 
depending on the fermentation conditions, and a risk of 
stuck fermentation. This phenomenon is related to the 
lower capability of the apiculate yeast to ferment alcohol. 
For most apiculate strains, this capability equates to only 
a 6–7% v/v of alcohol, while the Saccharomyces yeasts can 
ferment sugar up to a 12–14% v/v (Martini, 1993).

3.2 Sensory analysis
Most aromatic wine compounds, including the varie-
ty that is generally synthesised in grapes, are produced 
or released during a wine-making process and they are 
greatly affected by the microbial activity of yeasts and 

bacteria contained in the wine (Liu et al., 2017). The 
consortium of microorganisms, including yeasts and 
bacteria in the vineyards, is dependent on many factors, 
known collectively as terroir, but it can also be affected 
by the conditions of fermentation (Bokulich et al., 2014; 
Gilbert et al., 2014; Zarraonaindia et al., 2015). 
 Although differences during fermentation were not 
significant due to the use of similar yeasts, there were 
differences in aromatic profiles of the variants, which 
were detected through the sensory assessment of the re-
sulting wines. The spontaneously fermented (variant a) 
was assessed as the best within this study because it 
overshadowed the other samples in the category of taste 
harmony. The variant fermented with the 2017 consor-
tium (variant b) was evaluated as the worst. The reason 
for this may be the dominance of the yeast strain that has 
the best properties for fermentation but produces less 
sensory-positive substances. 

Table 6 contains average values of all ratings evaluated 
sensorially according to the UIOE 100-point scale.
 The spontaneous fermentation (variant a) over-
shadowed the other samples, especially in the category 
of taste harmony. The variant a had the highest score of 
87.4 points, the CWM 2018 (variant c) had 86 points and 
the CWM 2017 (variant b) had 85.2 points.
The evaluation of the aromatic profile, structure and 
mightiness was performed on the scale of 1 to 10, with 1 
as the least and 10 as the most. Figures 4 and 5 show the 
average values of all the evaluations.
 The spontaneously fermented (variant a) had the 
most intense taste and was assessed as the most com-
plex and most corpulent wine with dominant herbaceous, 
spicy and mineral tones. The variants inoculated by the 
consortia were described as similar to each other with in-
tense aromas featuring spicy and herbaceous tones. How-
ever, the sample inoculated with the CWM 2018 (variant 
c) consortium was evaluated as the more intense wine. 
Flowery, tropical and citrus fruit tones were evaluated in 
all three samples. Minor differences in the sensory assess-
ment confirm the influence of microorganism strains on 

Table 5	 Basic	parameters	of	the	resulting	wine	for	all	batches	

Spontaneous fermentation
(variant a)

CWM 2017
(variant b)

CWM 2018
(variant c)

Ethanol (% v/v) 11.59 ± 0.13 11.72 ± 0.14 11.33 ± 0.12

Red. sugars (g.L-1) 0.69 ± 0.09 1.35 ± 0.04 3.30 ± 0.14

pH 3.60 ± 0.01 3.62 ± 0.01 3.67 ± 0.01

Titr. acid (g.L-1) 4.92 ± 0.07 4.96 ± 0.04 4.71 ± 0.04

Acetic acid (g.L-1) 0.51 ± 0.03 0.45 ± 0.02 0.43 ± 0.02
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the resulting wine quality. Amongst others, this is also af-
fected by vintage and weather conditions, that participate 
in both the structure of microorganisms and the aromat-
ic substances produced in grapes. These substances are 
mainly affected by the temperature, the amount of precip-
itation and sunlight. This paper eliminates these effects 
by performing the experiment on one vintage wine, which 
further examines the influence of the consortia obtained 
in previous years. Some differences in the aromatic profile 
can be observed, which can be attributed to the individu-
al yeast strains. This has been confirmed in many stud-
ies, such as the study by Clemente-Jimenez et. al. (2004), 
who state that it is not always possible to obtain the same 
product from spontaneous wine fermentation. This issue 
is currently solved by using commercial yeast strains in 
the fermentation process at the expense of the autochth-
onal character of wine, as a significant manifestation of 
yeast metabolism can cause some kind of wine uniformity 
(Chamberlain et al., 1997; Clemente-Jimenez et al., 2004; 

Barata et al., 2012).
The last category of the sensory evaluation was the 
assessment of the aromatic and mightiness profiles. 
Three pairs of contradictory characteristics were 
evaluated: ”oxidative versus reductive”, ”herbaceous, 
tannic versus soft, smooth” and ”fruity, ester versus 
vinous, waxy”.

Figure 6 shows average values of all the assessments. 
All the evaluated samples were described as rather 
reductive. The samples fermented with the consor-
tia were assessed as very fruity. For the batch fer-
mented spontaneously (variant a), the fruitiness was 
assessed as being lower, however, its herbaceous 
character was identified. The 2017 consortium was 
described as soft, and the 2018 consortium was as-
sessed as slightly herbaceous. 

 Recent results suggest that a microbial profile of 
grapes can predict the structure and amount of some me-
tabolites. In some cases, these predictions, based on sta-

Table 6	 100-Point	scale	for	sensory	evaluation	 
of	the	experimental	batches

Variant Spontaneous
(variant a)

CWM 2017
(variant b)

CWM 2018
(variant c)

Clarity 5.0 5.0 5.0

Colour 10.0 10.0 10.0

Aroma intensity 7.0 7.0 7.0

Aroma clarity 4.8 4.8 5.0

Aroma harmony 14.0 13.6 14.0

Taste intensity 7.0 6.4 7.0

Taste purity 4.6 4.4 4.6

Taste harmony 18.4 17.2 16.6

Persistence 6.8 7.0 6.8

Overall impression 9.8 9.8 10.0

Total points 87.4 ± 0.5 85.2 ± 0.4 86.0 ± 0.3

5
6
7
8
9

Aroma intensity

Flavour intensity

Body

Complexity

Balance

Length

Structure and mightiness

Spontaneous Consortium 17 Consortium 18

0

2

4

6

8
Floral

Tropical fruits

Citrus fuits

Core fruits

Stone fruits

Berry
Dried fruitsCaramel

Herbal

Spicy

Lactate

Mineral

Other

Aromatic profile

Spontaneous Consortium 17 Consortium 18

0
0.5

1
1.5

2
2.5

3
Reductive

Softly

Wine

Oxidised

Herbal

Fruit

Aromatic and mightiness profiles

Spontaneous Consortium 17 Consortium 18

Figure 4	 The	comparison	of	the	structure	and	mightiness	 
of	the	experimental	batches

Figure 5	 The	evaluation	of	the	aromatic	profiles	
	 of	the	experimental	batches

Figure 6	 The	comparison	of	the	aromatic	and	mightiness	profiles	
of	the	experimental	batches
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tistical models, can be confirmed by the metabolic char-
acteristics of some microorganisms that were previously 
studied as a pure inoculum. There are many microbial spe-
cies with a potential occurrence in wine (Belda et al., 2016; 
Bokulich et al., 2016), although their specific role during 
wine-making is not clearly understood. Antagonistic re-
lationships between individual microorganisms, which 
cannot be fully predicted in advance, can appear. This fact 
is also proven by the results of this study whereby even 
within the gaining of one consortium, which characterises 
a vineyard, interactions with another grape microflora ap-
pear. Aromatic compounds produced during fermentation 
generally represent the highest percentage of the overall 
aromatic structure of wine. The alcohol fermentation that 
is mainly completed by Saccharomyces cerevisiae leads to 
the production of higher amounts of alcohols and esters 
(Álvarez-Pérez et al., 2012). 
 Most fermentation aromatic compounds have high 
sensory thresholds, so they do not significantly contribute 
to the distinctive aroma of wine. However, the combina-
tion creates the basic matrix of a wine aroma. The highest 
aroma-influencing substances are present in lower con-
centrations in grapes and wines; even with very low (ng.L-

1) sensory thresholds, they can have a significant impact 
on the overall aroma of the wine. In many cases, the pro-
duction of higher amounts of alcohols and esters is con-
nected with the interlocked metabolic routes of the main 
yeast strain’s metabolism. Conversely, the release of some 
compounds (such as various terpenes or thiols, which 
are released from bound form by yeast activity) depends 
on the activity of individual yeast enzymes (Baroň et al., 
2012). Regarding the complexity of wine aroma, the study 
of volatile wine substances requires the performance of 
complex and expensive chromatographic-spectrometric 
analysis (Campbell-Sills et al., 2016).

4 Conclusion

The aim of this study was to compare consortia of wine 
microorganisms obtained from the same vineyard over 
the past two years with spontaneous fermentation. The 
inoculation by this mixed culture supports the ‘terroir’ of 
a given vineyard and helps to avoid problems with slow 
fermentation. 
 The consortia of wine microorganisms obtained from 
the spontaneous fermentation of two consecutive years 
were used for the fermentation of one Hibernal variety in this 
study and were compared with spontaneous fermentation of 
must pressed from Hibernal harvested in 2019. Although the 
differences during fermentation were not significant, there 
were perceptible differences in the aromatic profiles within 

the sensory assessment of the resulting wines. 
 The spontaneously fermented variant was assessed as 
the best within this study because it overshadowed other 
samples in the category of taste harmony. The variant fer-
mented with the 2017 consortium was evaluated as the 
worst. The reason for this may be the dominance of the 
yeast strain, which has the best properties for fermenta-
tion but produces less sensory-positive substances. 
 The spontaneously fermented variant had the most 
intense taste and was assessed as the most complex and 
most corpulent, with dominant herbaceous, spicy and 
mineral tones. The variants inoculated by the consortium 
were described as similar, with an intense aroma featur-
ing spicy and herbaceous tones. However, the sample in-
oculated with the 2018 consortium was evaluated as the 
more intense one. Flowery tones and tropical and citrus 
fruit tones were identified for all three samples. 
 All the samples were assessed and described in a rel-
atively similar manner. However, the batches fermented 
with the consortia were more similar to each other than 
the spontaneously fermented batch. The consortium 
samples were assessed as having slightly different char-
acteristics for some descriptors.
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