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Abstract

The lees produced during fermentation are known for their ability to consume oxygen. During wine aging, it has 
a positive effect on the antioxidant and sensory properties of wine. This study focuses on the effects of different 
doses of fermentation lees on the oxygen consumption and antioxidant activity of wine, which are important for 
the quality of the final product as well as consumer. The effect on oxygen consumption after bottling, antioxidant 
activity and phenolic composition was studied for wines of the variety Grüner Veltliner with different proportions 
of yeast lees. The rate of dissolved oxygen consumption increased with increasing dosages of fermentation lees. 
The first significant decrease was observed as early as the second day after bottling for all variants above 20 g of 
fermentation lees in 0.75 L of wine. Total polyphenol content and antioxidant activity also increased with the dose 
of yeast lees. The major negative parameter for the highest addition of lees was the concentration of volatile acids, 
which increased from a baseline value of 0.34 g L–1 to 0.45 g L–1. 
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Introduction

Oxygen in wine plays a crucial role from a chemical and 
biological standpoint. It affects the wine through grape 
harvesting, processing, fermentation and maturation, 
whether stored in steel tanks, wooden barrels or bottles. 
Finding a balance between oxidation and reduction is a 
complex process in which it is necessary to understand 
the reactions of oxygen with the substances it reacts. 
Oxygen management using fermentation lees has a pos-
itive effect on the quality of the resulting wine and its 
antioxidant properties, and thus minimises the dosage 
of sulphur dioxide (Baron and Sochor, 2013; Day et al., 
2015; Vidal and Moutounet, 2008; Zironi et al., 2010). 

Oxygen affects wine during two phases of the winemak-
ing process: the dynamic process phases (i.e. bottling, 
filtration and mixing), and the static phases (i.e. during 
storage in tanks, barrels and bottles). Oxygen diffuses 
through holes in containers (bottle neck) or through 

the material itself (e.g. wood, seal or cork) (Valade et al., 
2006). The wine is affected either negatively or posi-
tively by quantity, timing and its chemical composition 
and physical properties, especially temperature. From a 
chemical perspective, wine primarily affects the modi-
fication of phenolic compounds. In case of red wines, it 
can favourably affect the colour of the wine because of 
polymerisation. In white wines, it may cause browning 
and change in colour because of the oxidation of poly-
phenols. However, it has positive effects on the devel-
opment and maturation of wine from a sensory point of 
view. Furthermore, oxygen affects aroma and multipli-
cation and growth of microorganisms (Eisenman, 1987; 
Zironi et al., 2010). 

An important part of the technology is the use of yeast 
lees. Suspended lees have a high capacity of oxygen 
consumption even several years after the end of fer-
mentation, thus protecting the wine against oxidation 
immediately after fermentation as well as throughout the 
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was divided into six 0.75-L variants in three repetitions 
with doses of 0 g (control sample/8.78 NTU), 10 g (1.34 
wt.%/1047.67 NTU), 20 g (2.68 wt.%/2189.67 NTU), 
40 g (5.37 wt.%/4,770 NTU), 80 g (10.74 wt.%/6,600.67 
NTU), and 160 g (21.47 wt.%/8256.33 NTU) of post-
fermentation lees primarily containing yeast biomass 
(hereinafter referred to as yeast lees) (see Figure 1); from 
this, 50-mL samples were taken and frozen for analysis. 
The lees were added in wet form to obtain the required 
NTU values with a linear curve. This method of lees 
dosing is a practical method for subsequent replication 
in a winery. Experiments conducted in 750-mL bot-
tles described more accurately the oxygen consumption 
model directly in the bottles, giving us a better insight 
into the development of oxygen concentration, which 
could be later extrapolated to non-filtered wines. This 
method of measurement is more suitable for longer-term 
monitoring and minimises environmental effects.

NomaSense O2 P6000 (manufacturer Nomacorc, Italy), a 
portable oxygen analyser, was applied to 750-mL bottles 
for monitoring headspace gaseous oxygen levels in two 
areas of the bottles: the bottle neck for monitoring dis-
solved oxygen (DO) in the headspace, and the lower one-
third of the bottle for monitoring dissolved oxygen in the 
wine. A predetermined quantity of yeast lees was trans-
ferred to the bottles, after which the bottles were filled 
with wine to a standard level using the semi-automatic 
vacuum filler of Enolmatic bottles (manufacturer 
TENCO, Avegno, Italy) and fitted with a cork closure 
(DIAM finely milled cork).

NomaSense oxygen measurement

NomaSense portable analyser (Nomacorc) was used 
to measure oxygen level in wine by applying lumines-
cence technology combined with remote sensors and 
other accessories. This analyser can measure dissolved 
oxygen in both headspace and wine. The sensor has a 
built-in barometer and temperature sensor to measure 
dissolved oxygen directly in the vessel, allowing optimal 
measurement accuracy for concentrations ranging from 
0 mg L–1 to 22 mg L–1 with an accuracy of ±0.04 mg L–1 

and a detection limit of 15 μg L–1 (Vinventions, 2018; 
Winebussines, 2019).

WineScan to measure basic wine parameters

The WineScanTM Auto (manufacturer FOSS, Denmark) 
analyser was used to measure basic analytical parameters 
of the wine. It works on the principle of Fourier transform 
infrared spectroscopy (FTIR). It uses the entire infrared 
spectrum and simultaneously analyses various param-
eters with high accuracy. Each analysis was conducted 

entire maturation process. Perez-Serradilla and de Castro 
(2008) place the use of yeast lees against oxidation among 
traditional wine protection systems. This claim is con-
firmed by Schneider et al. (2016) that the high antioxi-
dant properties of lees are mainly caused by yeast lipids 
and sterols.

Oxygen consumption by yeast lees is affected by various 
technological processes (e.g. filling barrels, regular stir-
ring of the lees, or refilling containers). All these furnish 
variable degree of support in the dissolution of oxygen in 
wine (Fornairon-Bonnefond and Salmon, 2003).

Schneider et al. (2016) conducted a similar study. 
Fermentation was carried out using six types of commer-
cial active dry yeasts in both white and red wines. Yeast 
dosage was performed via turbidity (nephelometric tur-
bidity unit [NTU]) measurements using a pre-established 
regression between yeast cell numbers and NTU. This 
study includes an experiment with one yeast strain but 
finds the ideal in yeast lees dosage.

The aim of this study was to better understand the effect 
of fermentation lees on the antioxidant properties of wine 
in relation to oxygen management and consequently the 
possibility of reducing the doses of sulphur dioxide. The 
novelty of the study existed in the more detailed inves-
tigation of the effect of different proportions of fermen-
tation lees on the antioxidant potential and chemical 
composition of wine. The wine variety Grüner Veltliner 
was chosen for its neutrality and flexibility. Thanks to its 
low aromatic intensity, this variety could be used for both 
light and fresh wines and wines of a more complex struc-
ture using lees. 

Material and Methods

Design of experiment

The study obtained clarified Grüner Veltliner wine variety 
from the regular and conventional production of 2020, 
and separated yeast lees produced during fermentation 
of the sample wine. The grapes for wine production were 
harvested from Dolni Dunajovice, a village at Mikulov in 
the wine region of Moravia (Czech Republic). The vine-
yard has loamy soil and is located on a southwest-facing 
slope. The analytic parameters of the musth were: pH 3.2, 
sugar content 22.6 Brix, total acidity 8.9 g L–1, and assim-
ilable nitrogen 225 mg L–1. The musth was inoculated 
with a dose of 15 g hL–1 of the commercial active dry 
yeast Oenoferm Klosterneuburg (Erbslöh, Geisenheim, 
Germany). After fermentation, the wine was decanted 
from fermentation lees, which were stored in a separate 
container; then the wine was clarified with a dose of 
80 g hL–1 of Bentostab (IOC, Épernay, France). The wine 
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Figure 1.  Correlation between turbidity (NTU) and lees content (g) in a 750-mL bottle.

for three times. The interferometer of this apparatus was 
fully encapsulated to minimise any interference by water 
vapour and other gases (e.g. CO2) in the optical path 
(Friedel et al., 2013). 

Determination of total phenols 

Total phenols were determined using the modified 
Folin–Ciocalteu method. Samples of 12-μL and 10-μL 
Folin–Ciocalteu reagent were added to 198 μL of wine. 
After 36 s, 30 μL of 20% sodium carbonate solution was 
added. Absorbance at 700 nm was measured after 600 s. 
The concentration of total phenols was calculated on a 
calibration curve using gallic acid equivalent (GAE) 
as the standard (25–1,000 mg L–1). The results were 
expressed as GAE (Sochor et al., 2014; Sochorova et al., 
2020; Waterman and Mole, 1994).

Determination of  antioxidant activity by 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) method
Antioxidant activity was determined by the method pre-
viously described by Sochor et al. (2010). A sample of 
150 μL of (0.095-mM DPPH reagent was incubated in 15 
μL of wine. The absorbance was measured for 10 min at 
505 nm, and the output ratio was calculated as a difference 
between the absorbance values measured in the 10th min-
ute and 2nd minute of the test (Carmona-Jimenez et al., 
2014; Sochor et al., 2014). Antioxidant activity was deter-
mined in three repetitions immediately after sampling.

Determination of  antioxidant activity by ferric reducing 
antioxidant power (FRAP) assay
A 12-μL wine sample was added to 198 μL of alkaline buf-
fer containing 200-mM sodium acetate and treated with 
acetic acid to a pH of 3.6, then 20 μL of 20-mM FeCl3 and 
20-μL 10-mM 2,4,6-tripyridyl-s-triazine solution dis-
solved 40-mM HCl were added. The reduction force was 
calculated from the calibration curve using ascorbic acid 
(0.1–3 mM) or gallic acid (10–300 mg L–1) as a standard. 
Results were expressed in GAE (Pulido et al., 2000).

Gas chromatography–mass spectrometry (GC-MS) analysis 
aromatic profile
The concentration of individual volatile substances in the 
wine was determined according to the methyl tert-butyl 
ether extraction (MTBE) method. A 20-mL wine sam-
ple was pipetted into a 25-mL volumetric flask contain-
ing 50-μL 2-nonanol solution in ethanol as an internal 
standard (400 mg.L–1) and 5-mL saturated solution of 
(NH4)2SO4 (Prusova and Baron, 2018). Solution in the 
flask was thoroughly mixed and subsequently added to 
0.75 mL of extraction solvent (MTBE with addition of 
1% cyclohexane). After thorough mixing, the individ-
ual phases were separated, and the upper organic layer 
and the emulsion were transferred into a microtube. 
The microtube content was centrifuged and the upper 
clear proportion was dried with anhydrous magnesium 
sulphate prior to GC-MS analysis. Extraction and sub-
sequent GC-MS analysis were performed in three repeti-
tions. Average of the resulting values was calculated, and 
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for the comparison of individual chemical parameters, 
depending on the amount of yeast lees added. The most 
significant changes were discovered in the amount of vol-
atile acids and the lactic acid–malic acid ratio. Changes 
observed in all these parameters were due to the non-
sterility of wine when malolactic fermentation took place. 
Increase in pH was proportional to the conversion of 
malic acid to lactic acid during malolactic fermentation.

Figure 2 the dates 0, 1, 2, 4, 8, 15 and 29 from filling using 
spots placed in two places inside the bottle – head space 
and inside of wine, as described before.

The experiment demonstrated that different propor-
tions of yeast lees contained in the wine affected the 
rate of dissolved oxygen consumption. In Figure 2, the 
initial values indicate the concentration of oxygen in its 
entire volume before the bottles were filled. Further con-
centrations of oxygen were measured immediately after 
bottling and then at intervals as shown in the figure. 
Bottling caused aeration of all samples; this is shown as 
an increase in curve on day 0. After this day, a decrease 
in oxygen was observed in individual variants. The fastest 
drop in concentration was observed in 160-g yeast lees 
variant, where 0.91 mg L–1 of oxygen was determined 
when measured on day 15, compared to 2.34 mg L–1 of 
oxygen for 0 g yeast lees variant measured on the same 
day. This confirmed the results of the study conducted by 
Schneider et al. (2016) with six yeast strains (EC 1118, CY 
3079, Fermicru VB1 etc.) to assess dissolved oxygen con-
sumption by yeast lees. The cited study observed that the 
oxygen consumption curve over time initially had a linear 
increase, followed by a transition to a steady state. This 
demonstrates the depletion of oxygen sources by yeast 
lees; after 45–55 h, 40–60 mg L–1 dissolved oxygen was 
consumed. As a result, even a small amount of suspended 
lees (equivalent to 50 NTU) was enough to consume 
the oxygen that has accumulated in a bottle. Schneider 
et al. (2016) stated that the rate of dissolved oxygen 
uptake by yeast lees could be between 0.003 mg L–1 and 

the standard deviation was determined using Excel and 
Statistic 10.

The experiment was performed in a GC Shimadzu 
(GC-17A) equipped with an AOC-5000 autosampler 
and connected to a quasi-peak detector (QP-5050A). 
Subsequent identification was made using GC-MS solu-
tion software (LabSolutions software, version 1.20). 
Separation conditions for the analysis were as follows: 
column DB-WAX 30 m × 0.25 mm, stationary phase 
0.25 mm (polyethylene glycol), detector voltage 1.5 kV, 
volume of the sample injected 1 μL, and partition ratio 
1:5. The carrier gas was helium (He) with a flow rate of  
1 mL min–1 (linear gas speed was 36 cm s–1), and the spray 
temperature was 180°C. The initial column temperature 
was 45°C, which was maintained for 3.5 min, followed by 
the following temperature gradients: up to 75°C, gradi-
ent of 6°C.min–1; up to 126°C, gradient of 3°C.min–1; up 
to 190°C, gradient of 4°C min–1; and up to 250°C, gradi-
ent of 5°C.min–1. The final temperature was maintained 
for 6.5 min, with the overall analysis lasting 60 min. The 
detector was operated in SCAN mode with an interval 
of 0.25 s in the range of 14–264 s. Individual compounds 
were identified by comparing GC-MS spectra and reten-
tion time spectra with NIST 107.

Results and Discussion

Results

The experiment aimed to evaluate the effect of differ-
ent doses of yeast lees on dissolved oxygen concentra-
tion and chemical composition of bottled wine samples 
(see Figure 2). The experiment evaluated six variants of 
0–160-g yeast lees in 750-mL bottles. The results are 
shown in Table 1.

Basic analytical parameters of the wine were deter-
mined prior to the experiment. These were essential 

Table 1.  Basic analytical parameters of base wine and its variants treated with yeast lees.

Sample name Gluc/Fruct 
(g L–1)

pH Total acids 
(g L–1)

Volatile acids 
(g L–1)

Malic acid
(g L–1)

Lactic acid
(g L–1)

Glycerol  
(g L–1)

0-g yeast lees 3.53±0.06a 3.14±0.01a 6.40±0.06b 0.35±0.01a 0.80±0.03a 0.50±0.03c 5.67±0.06a

10-g yeast lees 3.60±0.01b 3.14±0.00a 6.60±0.01a,b 0.35±0.03a 0.83±0.06a,b 0.63±0.06a 5.67±0.06a 

20-g yeast lees 3.80±0.03c 3.15±0.00b 6.70±0.01a 0.36±0.01a 0.83±0.06a,b 0.70±0.10a,b 5.70±0.03a

40-g yeast lees 4.00±0.01d 3.17±0.01c 6.60±0.01a 0.38±0.01b 0.83±0.06a,b 0.70±0.03a,b 5.80±0.03a,b

80-g yeast lees 4.33±0.03e 3.20±0.00d 6.60±0.01a,b 0.39±0.01c 0.90±0.03b 0.80±0.03b 5.90±0.03b

160-g yeast lees 4.80±0.03f 3.30±0.00e 6.50±0.06a,b 0.45±0.01d 0.40±0.03c 1.43±0.06d 6.20±0.03c

Note: Results are expressed as the mean value of  three measurements ± standard deviation. The division into homogeneous groups (a,b,c,d,e,f) was 
based on Fisher’s test, the significance level is α = 0.005.
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0.011  mg  L–1 per 10–9 cells from the second to sixth 
month of aging at 14°C. Yeast lees contain a large num-
ber of polyphenols that increase antioxidant properties. 
This explains the presence of significantly higher concen-
trations of total phenols in the experiment for variants 
with a higher proportion of yeast lees (Figure 3); poly-
phenol content increases with increasing doses of fer-
mentation lees. Another explanation would be that yeast 
cells contain and release into wine the following organic 
compounds: glutathione, tyrosol and various complexes, 
including hydroxycinnamates, amino acids with a phe-
nolic -OH group, and peptides containing methionine, 
tryptophan, and tyrosine, all of which are included in the 
measurement using Folin–Ciocalteu reagent (Comuzzo 
et al., 2015; Myers and Singleton, 1979; Singleton and 
Rossi, 1965).

In general, phenolic compounds in wine appear from 
four main sources: berries or other parts of vines, action 
of microorganisms during fermentation, oak used in the 
maturation of wine (e.g. barrels or chips), and commer-
cial tannins added during the production process (Zhang 
et al., 2021).

Figures 4 and 5 show that antioxidant activity increases 
with increasing the addition of yeast lees because of oxy-
gen consumption by both polyphenols and yeast. Salmon 
et al. (2002) discovered that polyphenol fractions dis-
solved in wine were more reactive, while polyphenols 

adsorbed with yeast lees were slightly reactive to oxygen. 
Laboratory analysis included the determination of aro-
matic profile of individual wines. For clarity, these results 
were processed and tabulated statistically (Tables  2 
and  3). Comparisons were performed using samples 
with a medium yeast lees addition of 20 g and 40 g. 
Statistically significant differences according to t-values 
were observed, especially for higher alcohol and acetate 
ester groups. 

Levels of acetate esters, such as isoamyl acetate, 1-hexyl 
acetate, 2-phenylethyl acetate, and isobutyl acetate, were 
determined on comparing base wine to variants with 
addition of yeast lees (Table 3). An increase in higher 
alcohols was observed in wines with higher doses of fer-
mentation lees. According to t-values, the differences 
were statistically significant, especially for 2-phenylethyl 
acetate (responsible for honey notes in wine). A signifi-
cant difference was observed for isoamyl acetate, respon-
sible for aroma in bananas; its concentration increased to 
80.85 mg L–1 during aging with yeast lees, as discovered 
by Bautista et al. (2007). A statistically significant differ-
ence was discovered for 1-hexyl acetate, responsible for 
fruity aroma, with 40-g yeast lees variant. This increase 
in 1-hexyl acetate could be due to the malolactic fermen-
tation. The findings of Agouridis et al. (2008) and Tofalo 
et  al. (2021) confirmed the ability of Oenococcus oeni 
bacteria, species of lactic acid bacteria, to produce higher 
alcohols.

Total oxygen in bottles
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Figure 2.  Total oxygen in bottles of all sample variants of wine in the timeline.
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Figure 3.  Total polyphenol content in all wine samples.
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Figure 4.  Antioxidant activity - FRAP method.

The values for isoamyl acetate, 1-hexyl acetate, 
2-phenylethyl acetate, and isobutyl acetate were deter-
mined on comparing base wine with 20-g yeast lees vari-
ant (Table 3). According to t-values, the differences were 
statistically significant, especially for 2-phenylethyl ace-
tate (responsible for honey tones in wine). 

Discussion

Based on the data obtained, it was found that fermentation 
yeast lees had a very positive effect on the amount of oxy-
gen in wine because of their capacity to absorb dissolved 
oxygen and substantially increase antioxidant properties 
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Table 2.  T-test: higher alcohols.

  Average ± SD
(basic)

Average ± SD 
20-g lees

t p Average ± SD 
40-g lees

t p Average ± SD 
80-g lees

t p

Isoamyl alcohol 103.42±1.35b 88.10±3.94a 6.38 0.00 128.66±4.19b –9.20 0.00 139.34±4.51a –12.39 0.00

Isobutyl alcohol 6.35±0.65a 6.28±0.21a 0.21 0.85 8.65±0.17b –8.76 0.00 8.73±0.27a –7.81 0.00

2-Phenylethanol 5.49±0.15a 5.35±0.26a 0.85 0.45 9.12±0.42b –12.59 0.00 8.22±0.53a –7.81 0.00

1-Propanol 3.36±0.19a 3.06±0.07a 2.57 0.06 4.39±0.05b –8.27 0.00 4.65±0.16a –8.50 0.00

1-Hexanol 1.15±0.10b 0.94±0.03a 3.78 0.02 1.19±0.06a –2.17 0.10 1.38±0.02a –11.94 0.09

1-Butanol 0.43±0.07a 0.36±0.01a 1.74 0.16 0.45±0.01a –3.37 0.03 0.44±0.03a –2.27 0.00

Benzyl alcohol 83.67±4.51a 92.56±2.91b –2.87 0.05 166.52±8.06b –14.78 0.00 241.45±14.17a –18.06

Note: Results are expressed as the mean value of  three measurements ± standard deviation. The division into homogeneous groups (a,b) was based on 
Fisher’s test, the significance level is α = 0.005.

Table 3.  T-test: acetate esters.

  Average ± SD
(basic)

Average± SD 
20-g lees

t p Average ± SD 
40-g lees

t p Average ± SD 
80-g lees

t p

Ethyl acetate 28.28±1.14a 28.12±1.18a 0.17 0.88 25.22±1.31a 2.52 0.07 28.22±0.78a –0.07 0.95

Isoamyl acetate 241.66±6.03a 322.52±12.85b –9.86 0.00 193.52±11.57a 4.89 0.01 156.21±13.84a 8.17 0.00

1-Hexyl acetate 10.00±1.00b 3.52±0.11a 11.17 0.00 0±0.00a 226.13 0.00 0±0.00a 226.13 0.00

2-Phenylethyl 
acetate

24.33±0.58b 14.28±0.39a 25.03 0.00 19.84±0.34a 21.11 0.00 13.76±0.39a 41.93 0.00

Isobutyl acetate 6.67±0.58a 10.97±0.55b -9.38 0.00 6.46±0.28a –1.36 0.25 6.97±0.38a -2.80 0.05

Note: Results are expressed as the mean value of  three measurements ± standard deviation.The division into homogeneous groups (a,b) was 
based on Fisher’s test, the significance level is α = 0.005.

Figure 5.  Antioxidant activity - DPPH method.
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