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Introduction

The white grape variety Albillo Mayor is considered aromat-
ically neutral, but with an interesting potential for obtaining 
quality wines, both young and aged. In this respect, non-
Saccharomyces yeasts can be used to modulate wine param-
eters such as the perception of freshness or the formation 
of aromatic compounds providing aromatic complexity [1]. 
It should be noted that the fermentative power of some of 
these species is low, so it is common to use them in both 
mixed and sequential fermentations with Saccharomyces 
cerevisiae species.

Hanseniaspora vineae and H. opuntiae from the yeast 
genus Hanseniaspora/Kloeckera could be applied to pro-
duce quality white wines. H. vineae has some very inter-
esting characteristics for industrial application such as 
resistance to SO2 and ethanol, exocellular protease and 
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Abstract
The white Albillo Mayor grape variety is considered aromatically neutral. Fermentations with non-Saccharomyces yeasts 
could substantially improve the aromatic profile and the acidity of these wines. The aim of this work is to evaluate the 
use of selected strains of different non-Saccharomyces species to improve the quality of Albillo Mayor white wines. 
Fermentations in duplicate stainless steel barrels of 150 L of volume were carried out at Bodegas Comenge, Ribera del 
Duero, Spain. All fermentations were sequentially inoculated with Saccharomyces cerevisiae. The fermentations were car-
ried out with the species Hanseniaspora vineae, H. opuntiae, two strains of Metschnikowia pulcherrima (M29 and M54) 
and a mixed fermentation where an inoculum with M. pulcherrima and Lachancea thermotolerans species was added in 
a 1:1 ratio. The results indicated an increase in total acidity of 1.8 g/L in the mixed fermentations resulting in 0.2 units 
of pH reduction. M. pulcherrima produced more than twice the 2-phenylethanol content of the control wines. Values for 
all terpenes were higher in H. vineae fermentations, with the exception of nerol, with higher contents in M. pulcherrima 
M54 fermentations. Tasters perceived the M29 wines of M. pulcherrima as the most balanced and cleanest. In addition, 
together with the wines from the mixed fermentations, they were perceived as having the highest varietal aromatic char-
acter. It should be noted that the higher acidity, analytically identified in the mixed fermentations, was not perceived by 
the tasters. The use of non-Saccharomyces yeasts can modulate oenological parameters such as acidity or the release of 
fermentative volatiles in Albillo Mayor wines.
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β-glucosidase enzymatic activity, fast cell lysis with early 
release of polysaccharides, DNA and proteins, ideal for 
aging on lees and other highly produced flavours [2]. 
Among the aromas produced by this yeast, the most impor-
tant is 2-phenylethyl acetate [3]. The enhanced formation 
of 2-phenylethyl acetate in these species is explained by the 
gene duplications of aromatic amino acid aminotransferases 
and phenylpyruvate decarboxylases [4]. We have previously 
investigated the use of H. vineae in sequential fermenta-
tion with S. cerevisiae of Albillo Mayor musts. This yeast 
modified the aromatic profile by significantly increasing the 
terpene content, mainly linalool (>×3), β-citronellol (>×4), 
geraniol (>×2) and α-terpineol (≈×2) [5]. In addition, in other 
assays with H. vineae the powerful aromatic compound saf-
ranal was identified in the wines [6]. Finally, when these 
species were used for the production of rosé wines blend 
of Albillo and Tempranillo grapes, the results showed 44% 
more anthocyanins compared to the control wine, resulting 
in a significant improvement in colour [7]. H. opuntiae is 
also an interesting species for cellar application, in fact H. 
opuntiae can be used with Lachancea thermotolerans in 
warm areas with neutral varieties to enhance freshness and 
fruitiness [8]. Previous studies show that this yeast produces 
low volatile acidity [9], increasing the aromas mainly of 
phenylethanol, 3-methyl-butanol and phenylacetaldehyde, 
and enhances the production of acetate esters [10]. Other 
authors used H. opuntiae and S. cerevisiae in mixed fermen-
tation to make wines from the Sideritis grape variety and 
noted an increase in most acetate esters, a 2.6-fold increase 
in 2-phenylethyl acetate, an increase in several ethyl esters 
and the production of the terpene citronellol [11]. Finally, 
it should be noted that the main problem of this yeast is its 
low fermentative power, normally less than 6% vol, which 
forces its use in sequential fermentation with S. cerevisiae.

Another yeast species with interesting oenological appli-
cation is Metschnikowia pulcherrima. This yeast shows the 
expression of numerous extracellular activities, some of 
which enhance the release of varietal aroma from the grape 
by hydrolyzing bound monoterpenes compounds [12, 13]. 
The low fermentative power of M. pulcherrima makes it 
necessary to use it in mixed or sequential fermentation with 
S. cerevisiae. In this regard, it is noted that the high pro-
teolytic activity of M. pulcherrima leads to the release of 
amino acids that serve as a nutrient for S. cerevisiae [14, 
15]. Co-inoculations of these two yeasts have produced high 
contents of acetate esters and β-damascenone with lower 
levels of C6 alcohols in ice wines made from the Vidal 
blanc grape variety [16]. Therefore, the application of M. 
pulcherrima can improve aromatic complexity by increas-
ing fermentative esters mainly due to its high extracellu-
lar enzymatic activity. Similarly, sequential fermentations 
with M. pulcherrima showed a higher production of higher 

alcohols, with particularly high concentrations of isobutanol 
and phenylethanol [17]. Another application of M. pulcher-
rima is its use as a biological control agent as it produces an 
insoluble red pigment with antimicrobial activity called pul-
cherrimin which gives M. pulcherrima a certain competitive 
advantage over other non-Saccharomyces yeasts [12, 18].

L. thermotolerans is a yeast with an interesting applica-
tion in warm areas since it is a strong producer of lactic acid 
[19]. This production is made from sugars, so there is also a 
slight reduction in the alcoholic level (0.7% vol [20]). The 
lactic acid production of L. thermotolerans depends on sev-
eral factors, not only the inoculated population and the yeast 
assimilable nitrogen content in must such as the inoculation 
strategy, the viability or activity of L. thermotolans and the 
species present in the must and during the fermentation. The 
highest lactic acid productions are observed at yeast assimi-
lable nitrogen contents between 150 and 200 mg/L [21]. The 
acidification strongly influences pH being possible to reduce 
more than 0.5 pH units or more during fermentation. Also, 
an improvement in the production of 2-phenylethanol has 
been described [21]. L. thermotolerans has a medium fer-
mentative power so it must be used in sequential or mixed 
inoculations with S. cerevisiae to get dry wines.

The main objective of this work was to investigate the 
application of these yeasts to improve the quality of Albillo 
Mayor grape variety wines from Ribera del Duero, Spain. 
The study was carried out on a semi-industrial scale, and the 
profile of the wines was determined analytically.

Materials and methods

Yeast strains used in fermentation of albillo white 
wines

The yeast strain of T02/5A H. vineae (HV) were isolated by 
Professor Francisco Carrau (Facultad de Química, Univer-
sidad de la República, Montevideo, Uruguay). The yeasts 
strains of M. pulcherrima M29 and M54, L. thermotolerans 
L31 strain (L31) and A56 H. opuntiae (HO) were isolated 
and selected by enotecUPM (Chemistry and Food Technol-
ogy Department of Escuela Técnica Superior de Ingenería 
Agronómica, Alimentaria y de Biosistemas, UPM, Madrid, 
Spain). The yeast strain used as control was Saccharomyces 
cerevisiae (SC) CTPL14, also isolated in Ribera del Duero, 
Spain by enotecUPM. Yeasts were stored at 4 °C in tubes 
containing YPD agar (10 g/L of yeast extract, 20 g/L of pep-
tone, and 20 g/L of glucose) until used for inoculum prepa-
ration. Viability was maintained by regular subculturing. 
The cultures were scaled up from test tubes to 250 mL flasks 
and then to 5 L carboys in YPD medium. All incubations 
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were carried out at 20 °C until the inoculum was ready for 
the winery.

Must and fermentation conditions

The must was obtained by pressing of Albillo variety (Vitis 
vinifera L.) from the Ribera de Duero region in Spain (2023 
vintage), in a pneumatic press at less than 2 bar and subse-
quently settled at a low temperature (8  °C) for 24 h. SO₂ 
was added during pressing at a dose of 4 g/hL, in the form 
of potassium metabisulfite (K₂S₂O₅). No enzymes were 
added to the must, neither was it acidified with tartaric acid. 
Before inoculation with the different yeasts studied, the 
Albillo must showed a sugar content of 205 g/L, a pH of 3.3, 
63 nephelometric turbidity units, 36 and 14 mg/L of total 
and free SO2, respectively. The musts were fortified with 
100 mg/L of Nutrient Vit Green (Lallemand Inc., Montreal, 
QC, Canada).

The Albillo white must was fermented in duplicate in 
150 L stainless steel barrels at room temperature (18 °C). 
The barrels were inoculated with 5 L (≈ 3%) at a population 
of 7-log CFU/mL of liquid inoculum of each yeast studied 
prepared in YPD medium. SC fermentations were inocu-
lated at time zero and used as controls in this study. All fer-
mentations were sequentially inoculated with SC on day six, 
including the control barrels. For the M54 + L31 treatment, 
in these barrels a mixed fermentation of M54 and L31 was 
carried out in a 1:1 ratio. Fermentations were carried out 
for a period of 20 days. Upon completion, samples were 
removed from each barrel and immediately refrigerated at 
4 °C until all wine analyses were performed. Fermentation 
was monitored daily by densimetry. The decrease in density 
indicated the correct progress of the alcoholic fermentation 
until its completion.

General oenological parameters analyses

The SO2 analysis of the initial musts was carried out by 
the Paul-Rankine method. The analysis of general oenologi-
cal parameters was carried out by direct measurement using 
Fourier Transform Infrared Spectroscopy (FTIR) with an 
OenoFoss instrument (FOSS Iberia, Barcelona, Spain). The 
parameters analysed included: total acidity (g/L, expressed 
as tartaric acid), pH, volatile acidity (g/L, expressed as ace-
tic acid), glucose/fructose content (g/L), and Total Polyphe-
nol Index (TPI).

Ethanol, malic acid and lactic acid content Analyses

Liquid chromatography with refractive index detection (LC-
RI) was used to determinate de ethanol content, using an 
Agilent 1200 series HPLC apparatus (Agilent Technologies, 

Palo Alto, CA, USA) equipped with a Refractive Index 
Detector. The column used was a Phenosphere XDB C18 
column (4.6 × 150  mm, 5-µm particle size) (Phenomenex, 
Torrance, CA, USA). Milli Q water in isobaric mode at 0.8 
mL/min was the solvent of the method. The column and the 
detector temperature was 30  °C. The injection volume of 
the sample was 2 µL previously filtrated through 0.45-µm 
cellulose methyl ester membrane filters (Tecknokroma, Bar-
celona, Spain). Quantification was carried out using ethanol 
(99.5% purity) (Panreac, Spain) as an external standard, 
with four calibration levels: 5, 10, 15, and 20% v/v (r² = 
0.9998).

L-Malic acid and L-Lactic acid were determined using 
the enzymatic analyzer Y25 (Biosystems, Barcelona, Spain).

Colour parameters analyses

The colour parameters were measured in 1  mm plastic 
cuvette using a Smart Analysis (DNA Phone s.r.l, Parma, 
Italy) spectrophotometer. The parameters colour intensity, 
tonality and CIELab coordinates were measured directly by 
this instrument.

Fermentation volatile compounds analysis

The analysis of fermentative volatiles was carried out 
using an Agilent Technologies 6850 gas chromatograph, 
equipped with an integrated flame ionisation detector (GC-
FID) and DB-624 column (60  m × 250  μm × 1.40  μm). 
The temperatures of the detector and the injector were 300 
and 250ºC, respectively. External standards were used for 
5 levels calibration according to the method described by 
[22]. The following compounds were employed as external 
standards: acetaldehyde, methanol, 1-propanol, 1-butanol, 
2-butanol, isobutanol, 2-methyl-1-butanol, 3-methyl-1-bu-
tanol, 2-phenylethyl alcohol, diacetyl, ethyl acetate, isoamyl 
acetate, isobutyl acetate, ethyl butyrate, and ethyl lactate. 
4-methyl-2-pentanol was used as the internal standard. 
All compounds were sourced from Sigma–Aldrich Corp., 
Buchs SG, Switzerland.

The column temperature program started at 40  °C for 
5 min, followed by a linear ramp of 10 °C/min to 250 °C, 
which was held for 5  min. Hydrogen, supplied by a gen-
erator (LNI Schmidlin SA, Geneva, Switzerland), served 
as the carrier gas. The GC system employed a 1:10 split 
injection, a column flow rate of 2.2 L/min, and a detection 
limit of 0.1 mg/L. For sample preparation, 100 µL of inter-
nal standard (500  mg/L) was added to 1 mL of each test 
sample. Samples were then filtered through 0.45 μm syringe 
filters (Teknokroma, Barcelona, Spain) and transferred to 
1,5 mL glass vials. One microliter of the filtered sample was 
injected into the GC for analysis.
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wine. Attributes were assessed on a scale from 1 (low per-
ception) to 5 (high perception), with the exception of the 
tonality parameter which was evaluated from 1 (purple 
tones) to 5 (yellow tones). All samples were served in the 
same order to all judges in standardized tasting glasses. The 
tasters were provided with a white surface to appreciate the 
differences in colour. Each glass was identified with a code 
that the tasters used to complete cards with the attributes to 
be scored. At no time did the tasters know which fermenta-
tion each code corresponded to.

Statistical analysis

Means, standard deviations, analysis of variance, the least 
significant difference test, and the principal component 
analysis (PCA) were done using PC Statgraphics v.19 soft-
ware (Graphics Software Systems, Rockville, MD, USA). 
The significance was set at P ≤ 0.05.

Results and discussion

General oenological parameters

The effect of non-Saccharomyces yeasts on basic oenologi-
cal parameters, such as volatile acidity or residual sugars, 
has been widely studied [23] as well as the effect on the 
polyphenol fraction in wines [24] and of course, the use of 
these yeasts to modulate the acidity and freshness of wines 
[1] Table 1. shows the basic oenological parameters mea-
sured by FTIR with the exception of TPI which was mea-
sured by UV-visible spectrophotometry. The control samples 
(SC) showed the lowest total acidity with mean values of 
4.38 g/L expressed as tartaric acid. The rest of the fermenta-
tions showed higher acidities, especially the mixed fermen-
tations (M54 + L31) possibly due to the formation of lactic 
acid by L. thermotolerans. The mixed metabolism of these 
yeasts resulted in total acidity values of around 6.18 g/L. 
This resulted in a significant drop in the pH of these wines 
with values of 3.28. Significant pH reductions by L. ther-
motolerans have been widely published [21] identified pH 

Terpenes compounds

Terpene compounds were analysed by gas chromatography–
mass spectrometry (GC–MS). Calibration was performed 
using five concentration points with the following external 
standards: geraniol, α-terpineol, linalool, and nerol (Sigma–
Aldrich Corp., Buchs SG, Switzerland). The equipment 
used was an Agilent Technologies 6890  N-MSD-5973  N 
gas chromatography–mass spectrometer. Dichloromethane 
as liquid extraction was used before the chromatographic 
separation. 250 µL volume of dichloromethane with 2.5 
mL of white wine and 25 µL of 3,4-dimethylphenol solu-
tion as internal standard (10  mg/L) (Merck, Hohenbrunn, 
Germany) were mixed with 0.37  g of NaCl and vortexed 
for 5 min. After centrifugation at 7500 rpm for 15 min at 
4 °C, the dichloromethane phase was extracted and injected 
into the chromatograph (1 µL). Chromatographic separation 
was performed with the DB-WAX column (30 m × 0.25 mm 
internal diameter × 0.25 μm film thickness) (J&W Scien-
tific, Folsom, CA, USA). The split ratio used was 20:1. The 
oven temperature programme was 60 °C for 1 min, followed 
by a 3 °C min− 1 ramp until 150 °C, followed by a 10 °C 
min− 1 ramp to 260 °C, which was maintained for 2 min. The 
helium flow rate was 1 ml min− 1.

Sensory analysis

The sensory analysis was carried out one month after the 
end of fermentation. During this period, the wine was stored 
at 4 °C in 0.75 L glass bottles sealed with natural cork stop-
pers. The sensory analysis was carried out by an expert 
panel of eight judges constituted of the Chemistry and Food 
Technology Department of Escuela Técnica Superior de 
Ingenería Agronómica, Alimentaria y de Biosistemas (UPM, 
Madrid, Spain). The age range of the judges varied between 
30 and 58 years old with judges of both genders. The attri-
butes evaluated were clarity, tonality, aromatic intensity, 
varietal aroma, fermentation aroma, oxidation, reduction, 
aromatic quality, acidity, sweetness, bitterness, astringency, 
body, balance and the global perception (indicates the gen-
eral quality in terms of all the attributes evaluated) of the 

Table 1  Total acidity (g/L) as tartaric acid, pH, volatile acidity as acetic acid (g/L), glucose and Fructose (g/L) and TPI (Total polyphenol Index) of 
Albillo mayor wines produced with different yeasts; H. vineae (HV), M29 yeast strain of M. pulcherrima (M29), M54 yeast strain of M. pulcher-
rima (M54), H. opuntiae (HO), mixed fermentation of M. pulcherrima and L. thermotolerans (M54 + L31) and S. cerevisiae (SC)
Fermentations Total Acidity (g/L) pH Volatile Acidity (g/L) Glucose and Fructose (g/L) TPI
SC 4.35 ± 0.11a 3.48 ± 0.03bc 0.46 ± 0.02b 3.65 ± 0.07ab 11.63 ± 1.17a

M29 5.29 ± 0.11c 3.41 ± 0.04b 0.37 ± 0.07a 3.10 ± 2.55ab 12.28 ± 0.04a

HV 5.09 ± 0.09c 3.44 ± 0.01bc 0.46 ± 0.01b 4.80 ± 0.28b 12.17 ± 0.00a

HO 5.15 ± 0.02c 3.45 ± 0.01bc 0.43 ± 0.04ab 5.20 ± 0.00b 12.41 ± 0.01a

M54 4.80 ± 0.15b 3.44 ± 0.02bc 0.49 ± 0.01b 3.85 ± 0.35ab 11.89 ± 0.50a

M54 + L31 6.18 ± 0.13c 3.28 ± 0.05a 0.43 ± 0.00ab 2.15 ± 0.21a 11.73 ± 0.19a

Mean ± SD for two replicates. Means in the same column followed with the same letter are not significantly different (p < 0.05)
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fermentation (MLF), while M. pulcherrima M54 partially 
completed it, leaving less than 0.1 and 1.0 g/L of malic acid, 
respectively (Fig. 2). Controlling MLF helps maintain the 
freshness of white wines through pH effects. SC fermenta-
tions exhibited higher pH values (Table 1). Furthermore, the 
use of L. thermotolerans can help protect malic acidity due 
to its inhibitory effect on lactic acid production during MLF 
[28]. M29, HV, HO and M54 + L31 fermentations kept the 
malic acid in the grapes with values around 1.5 g/L, which 
is beneficial for both the overall freshness and the retention 
of the green and crisp acidity associated with malic acid.

Lactic acid is an acid of fermentative origin, stable 
throughout the winemaking process and with a good sen-
sory perception [29]. The content of lactic acid is shown in 
Fig. 2. The highest contents were identified in the M54 + L31 
fermentations, due to the metabolism of L. thermotolerans. 
It should be noted that the lactic acid concentrations in this 
study were not as high as those identified in other investi-
gations, where lactic acid yields of up to 16 g/L have been 
published [30]. Despite this, the amounts of lactic acid 
produced by L. thermotolerans influenced pH since these 
samples resulted in the lowest pH values and the highest 
total acidity content (Table 1). Also, the protective effect of 
low pH as a result of lactic acid produced by L. thermotol-
erans should be highlighted, enhancing the contents of free 
and molecular SO2 which help to avoid oxidations in white 
wines.

Figure 2 shows the ethanol content of the different fer-
mentations carried out. Many of the non-Saccharomyces 
yeasts have a low fermentative power, in the case of the 
species used, H. vineae and L. thermotolerans around 10% 
vol [1] and M. pulcherrima 4% vol [27]. However, all the 
wines studied had similar ethanol contents, between 11.6 

reductions of 0.3 units from the formation of 3 g/L of lac-
tic acid. Other studies similarly reported increases in lactic 
acid when using L. thermotolerans in mixed fermentation 
with M. pulcherrima compared to L. thermotolerans only 
[25]. Regarding volatile acidity, all fermentations showed 
low contents in this parameter (0.37–0.49  g/L). Although 
significant differences were identified between wines, in all 
cases these are acceptable values for young wines. Inter-
estingly, wines fermented by Hanseniaspora yeasts showed 
higher reducing sugar contents than the rest of the samples. 
Possibly due to competition between yeasts of the genus 
Hanseniaspora and the S. cerevisiae inoculated on the sixth 
day, this competition may have made it difficult for the total 
consumption of sugars at the end of alcoholic fermentation 
[26]. However, SC was the yeast that finished all fermenta-
tions and should have finished the sugars in all samples.

The PCA (Fig. 1) allowed the splitting of mixed fermen-
tations (M54 + L31), corresponding to the highest total acid-
ity values. The first two components explain 84.256% of the 
variability of the data, with the variables ‘volatile acidity’ 
and ‘pH’ contributing the most importance to component 1. 
It is noted that yeasts of Hanseniaspora genus (HV and HO) 
could be grouped into a single cluster. The volatile acidity 
parameter contributed positively to component 1, with M54 
fermentations and SC controls clustered in the positive zone 
of this component with the highest volatile acidity values.

Ethanol, malic acid and lactic acid content

Figure 2 also shows the malic acid content of the fermen-
tations, the control wines exhibited the lowest malic acid 
content, as all the wines were made from the same Albillo 
Mayor must. SC almost completely performed malolactic 

Fig. 1  Principal component 
analysis (PCA) for Total acid-
ity, pH, volatile acidity and TPI 
(Total Polyphenol Index) of Albillo 
Mayor wines produced with differ-
ent yeasts; H. vineae (HV), M29 
yeast strain of M. pulcherrima 
(M29), M54 yeast strain of M. 
pulcherrima (M54), H. opuntiae 
(HO), mixed fermentation of M. 
pulcherrima and L. thermotolerans 
(M54 + L31) and S. cerevisiae (SC)
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but without significant differences between them. In this 
respect, it can be seen in Fig. 3 that a large zoom of the lumi-
nosity representation is necessary to be able to separate the 
different samples graphically. Figure 3 also shows the hue 
circle, coordinate a* represent green/red colour component 
(a* >0, red, and a* < 0, green) and b* blue/yellow colour 
component (b* >0, yellow, and b* < 0 blue) [31]. The mixed 
M54 + L31 and sequential M29 fermentations resulted in 
statistically higher a* coordinate values compared to the HO 
fermentations, which were identified as slightly more green-
ish. The highest b* coordinate values were identified in the 
M54 fermentations, making these samples slightly more 
yellowish, but this difference was only significant when 
compared to the SC fermentations. Chroma is the attribute 
which allows to determine for each hue its degree of differ-
ence in comparison to a grey colour with the same lightness, 
so it is considered the quantitative attribute of colourfulness 
[32]. In all cases, low Chroma values were obtained, so they 
are not brightly coloured wines, only significant differences 
were identified between SC, with the lowest values, and 
M54 with the highest values. Hue is a qualitative attribute 

and 12.1% vol ith no significant differences among them. 
This is because in all cases the sugars were consumed by the 
metabolism of S. cerevisiae CTPL14 which was inoculated 
in all samples to finish the alcoholic fermentation.

Colour parameters

Table 2. shows the mean values of the colourimetric param-
eters measured spectrophotometrically. No significant dif-
ferences were observed in the colour intensity of the wines, 
with values between 0.06 and 0.12 absorbance units. Simi-
larly, no significant differences were observed in the tonality 
parameter between the wines. The high paleness, along with 
low levels of polyphenols (11.6–12.4, Table 1), contributes 
to the wine’s resistance to browning.

Table 2 also shows the coordinates L*, a* and b* rep-
resenting the three-dimensional CIELab space and Fig.  3 
graphically represents these coordinates. The values 
obtained for lightness (L*) were between 97.85 and 99.2, 
which means that all fermentations were very transparent, 
the highest values were identified in the SC control wines 

Table 2  Colour parameter values and CIELab coordinates of Albillo mayor wines produced with different yeasts; H. vineae (HV), M29 yeast strain 
of M. pulcherrima (M29), M54 yeast strain of M. pulcherrima (M54), H. opuntiae (HO), mixed fermentation of M. pulcherrima and L. thermo-
tolerans (M54 + L31) and S. cerevisiae (SC)
Fermentations Colour intensity 

(absorbance 
units)

Tonality 
(adimensional)

Chroma Hue (°) L a b

SC 0.06 ± 0.01a 3.81 ± 0.39a 3.91 ± 0.06a 87.09 ± 0.00a 99.20 ± 0.14a 0.21 ± 0.01ab 3.90 ± 0.06a

M29 0.11 ± 0.03a 2.96 ± 0.76a 4.88 ± 0.53ab 86.81 ± 2.03a 98.20 ± 0.85a 0.28 ± 0.18b 4.87 ± 0.52ab

HV 0.12 ± 0.02a 2.62 ± 0.27a 4.81 ± 0.21ab 88.24 ± 0.81ab 97.85 ± 0.49a 0.13 ± 0.07ab 4.81 ± 0.21ab

HO 0.08 ± 0.00a 3.78 ± 0.31a 4.51 ± 0.26ab 89.95 ± 0.00b 98.90 ± 0.14a -0.01 ± 0.01a 4.51 ± 0.26ab

M54 0.13 ± 0.03a 2.94 ± 0.85a 5.57 ± 0.54b 88.24 ± 0.81ab 97.85 ± 1.06a 0.17 ± 0.07ab 5.56 ± 0.54b

M54 + L31 0.12 ± 0.06a 2.85 ± 0.43a 5.42 ± 1.37ab 86.81 ± 0.40a 97.90 ± 1.13a 0.30 ± 0.12b 5.41 ± 1.37ab

Values in the same column with the same letter are not significantly different (p < 0.05)

Fig. 2  Lactic acid and malic acid 
(g/L) measured by enzymatic 
analysis and ethanol content (% 
vol) measured by HPLC-RI of 
Albillo Mayor wines produced 
with different yeasts; H. vineae 
(HV), M29 yeast strain of M. 
pulcherrima (M29), M54 yeast 
strain of M. pulcherrima (M54), H. 
opuntiae (HO), mixed fermenta-
tion of M. pulcherrima and L. 
thermotolerans (M54 + L31) and 
S. cerevisiae (SC). Different let-
ters indicate significant difference 
between means (p < 0.05)
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400  mg/L, considered unfavourable [35], was exceeded. 
Among these compounds, the most important are 2-methyl-
1-butanol and 3-methyl-1-butanol identified by a pungent 
odour with a perception threshold of 40 mg/L [36]. No sig-
nificant differences in the concentrations of 3-methyl-1-bu-
tanol were identified. In the case of 2-methyl-1-butanol, the 
SC samples showed the lowest concentrations with values 
around 20 mg/L. 2-phenylethanol is a compound that con-
tributes positively to wines as it is associated with to rose 
and honey aromas [37]. All the wines fermented by non-
Saccharomyces yeasts presented more than twice the con-
centration of 2-phenyl-ethanol than the control samples and 
always above the perception threshold of 10 mg/L [37].

In relation to the total ester content, no significant differ-
ences were identified between all the wines studied. Possibly 
due to the fact that there were no differences in the majority 
ester (ethyl acetate). These levels correspond to the levels 
of volatile acidity and demonstrate how the use of selected 
non-Saccharomyces yeasts, including apiculate yeasts, can 
enhance the formation of fruity esters while maintaining low 
levels of off-flavors [38], such as the undesirable ‘barn-like’ 
ester, ethyl acetate. It is interesting to note the importance 
of the compound 2-Phenylethyl acetate, an ester associated 
with a fruity, floral and honey aroma [39]. In addition, it 
has a strong aromatic power with 0.25 mg/L of perception 
threshold [40]. The highest concentrations of this compound 
were identified in the HV samples but without significant 
differences compared to the HO and SC samples.

Figure  4 represents the PCA performed for the sum 
of total volatiles, higher alcohols, esters, acetaldehyde, 

according to which colours have been traditionally defined 
as reddish, greenish, etc. It is the attribute which allows to 
distinguish a colour with reference to a grey colour with the 
same lightness [32]. All fermentations showed hue between 
86.81 and 89.95º with HO samples having a significantly 
higher value compared to SC, M29 and M54 + L31.

Fermentative volatile compounds

Table 3 shows the concentration of volatiles of fermenta-
tion origin measured by GC-FID. Regarding the sum of 
identified volatiles, no significant differences were found 
between the fermentations, with total values between 1190 
and 1410  mg/L. Acetaldehyde is an important aromatic 
compound that accounts for 90% of the aldehydes present 
in wine [33]. The highest values of this compound were 
identified in HO fermentations and SC controls, but with 
values around 30 mg/L reported as average values in wines 
[34]. Other compounds such as diacetyl were not identi-
fied in the fermentations except for HV and M54, but with 
values around 1.5 mg/L below their threshold of perception 
(8 mg/L according to [33]). Values around 14 mg/L acetoin 
were identified in Hanseniaspora fermentations (HV and 
HO) together with M29. In relation to the 2,3-Butanediol 
content, the Hanseniaspora fermentations had the lowest 
values of this compound, between 493 and 648 mg/L.

The total content in higher alcohols was similar in all 
samples, with only significant differences between the SC 
control samples and the M29 and M54 + L31 fermentations. 
It is convenient to note that in no case the total value of 

Fig. 3  Graphic presentation of 
CIELab coordinates of Albillo 
Mayor wines produced with differ-
ent yeasts; H. vineae (HV), M29 
yeast strain of M. pulcherrima 
(M29), M54 yeast strain of M. 
pulcherrima (M54), H. opuntiae 
(HO), mixed fermentation of M. 
pulcherrima and L. thermotolerans 
(M54 + L31) and S. cerevisiae (SC)
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HO and one for HV, possibly due to the fact that they are 
different species, resulting in different fermentative volatile 
profiles. A cluster was also identified for mixed fermenta-
tions (M54 + L31) and another for SC control wines.

Terpenes compounds

Terpenes are volatile compounds, derived from isoprene, 
which contribute significantly to the aromatic profile of 
wines, providing floral and fruity notes. Grapes produce 
terpenes during ripening and their concentration in wines 
can vary depending on a variety of factors such as pH, 
β-glucosidase enzyme activity of the yeasts involved in fer-
mentation, fermentation conditions and the ageing process 
[41]. Figure 5 shows the concentrations of 4 terpenes mea-
sured by GC-MS in the fermentations.

Geraniol and linalool are considered the most important 
terpenes, as they are found in higher concentrations and 
have lower flavour thresholds than other monoterpenes in 
wine [42]. The highest geraniol concentrations were identi-
fied in HV wines with average contents of 577 µg/L, fol-
lowed by 377 µg/L in the mixed M54 + L31 fermentations. 
Higher geraniol values with the same strain of H. vineae 
compared to S. cerevisiae were identified in previous 
research [6]. These contents are high, as in terpenic varieties 
such as Gewürztraminer, values of around 221 µg/L have 
been identified [43]. The same trend has been identified for 

diacetyl, acetoin, 2,3-butanediol, isobutanol and methanol. 
The distribution includes the first 3 components that explain 
84.76% of the variability of the original data. The analy-
sis allowed us to separate the fermentations of M. pulcher-
rima into a single cluster, and the results indicated that both 
strains (M54 + M29) gave rise to wines with a similar aro-
matic profile. Interestingly, the fermentations of the Hanse-
niaspora strains gave rise to two separate clusters, one for 

Table 3  Concentration of volatile compounds produced by fermentation (mg/L) measured by GC-FID of Albillo mayor wines produced with dif-
ferent yeasts; H. vineae (HV), M29 yeast strain of M. pulcherrima (M29), M54 yeast strain of M. pulcherrima (M54), H. opuntiae (HO), mixed 
fermentation of M. pulcherrima and L. thermotolerans (M54 + L31) and S. cerevisiae (SC)

SC M29 HV HO M54 M54 + L31
Acetaldehyde 38.87 ± 0.85c 28.57 ± 4.66ab 30.01 ± 2.50ab 37.98 ± 0.71c 33.94 ± 0.10bc 26.87 ± 0.18a

Methanol 47.25 ± 0.81ab 54.79 ± 9.27ab 71.52 ± 22.37b 61.24 ± 5.18ab 45.09 ± 1.43a 43.68 ± 4.20a

1-Propanol 35.69 ± 1.79ab 33.60 ± 0.10ab 41.31 ± 2.33c 36.36 ± 0.73b 32.65 ± 1.60a 35.87 ± 1.14ab

Diacetyl nd nd 1.55 ± 0.01b nd nd 1.58 ± 0.04b

Ethyl acetate 71.52 ± 1.17a 58.18 ± 6.60a 85.44 ± 33.42a 89.88 ± 8.40a 81.06 ± 0.49a 75.64 ± 7.31a

2-butanol nd nd nd nd nd nd
Isobutanol 34.04 ± 0.73a 53.04 ± 9.16c 42.52 ± 1.87ab 38.90 ± 1.08a 42.99 ± 0.82ab 48.74 ± 2.37bc

1-butanol nd nd nd nd nd 4.31 ± 0.07b

Acetoin 12.49 ± 0.86a 13.98 ± 0.73bc 14.19 ± 0.34bc 14.67 ± 0.15c 12.92 ± 0.62ab 12.55 ± 0.33a

3-Methyl-1-butanol 137.81 ± 22.28a 145.66 ± 33.96a 133.92 ± 5.49a 119.16 ± 5.57a 115.45 ± 1.47a 142.62 ± 7.94a

2-Methyl-1-butanol 19.91 ± 28.16a 53.45 ± 10.74b 50.78 ± 4.49ab 46.55 ± 0.66ab 45.72 ± 2.26ab 50.13 ± 4.83ab

Isobutyl acetate nd nd nd 1.35 ± 0.03b nd nd
Ethyl butyrate 1.73 ± 0.47a 3.08 ± 0.57a 4.03 ± 5.70a nd 1.43 ± 0.09a 1.36 ± 0.02a

2,3-Butanediol 830.42 ± 78.41b 846.44 ± 54.78b 493.31 ± 51.56a 648.36 ± 43.83ab 744.47 ± 128.03b 760.33 ± 111.44b

Isoamyl acetate 2.70 ± 0.05a 2.93 ± 0.43a 3.33 ± 4.72a 16.10 ± 0.42b 3.29 ± 0.30a 3.92 ± 0.17a

Hexanol 4.42 ± 0.03c nd 4.06 ± 0.05b 3.89 ± 0.14b 3.91 ± 0.01b 4.05 ± 0.18b

2-Phenylethanol 9.66 ± 0.38a 27.40 ± 5.66c 25.02 ± 0.72bc 21.45 ± 0.22b 22.06 ± 0.09bc 25.04 ± 1.08bc

2-Phenylethyl acetate 7.44 ± 0.16ab 6.98 ± 1.63a 8.91 ± 0.20b 7.78 ± 0.07ab 7.18 ± 0.39a 6.53 ± 0.07a

Total esters 83.40 ± 0.59a 71.17 ± 7.24a 101.71 ± 43.64a 115.11 ± 8.92a 92.95 ± 0.31a 87.46 ± 7.57a

Total higher alcohols 241.53 ± 2.95a 313.15 ± 59.62b 297.62 ± 5.97ab 266.31 ± 7.08ab 262.79 ± 1.70ab 310.76 ± 17.60b

Total volatiles 1,410.45 ± 287.44a 1,340.49 ± 0.69a 1,190.00 ± 159.96a 1,273.32 ± 90.15a 1,203.30 ± 131.22a 1,268.75 ± 136.23a

Mean ± standard deviation of two replicates. Different letters in the same row indicate significant differences between means (p < 0.05)

Fig. 4  Principal component analysis (PCA) for the fermentative vola-
tile compounds of Albillo Mayor wines produced with different yeasts; 
H. vineae (HV), M29 yeast strain of M. pulcherrima (M29), M54 yeast 
strain of M. pulcherrima (M54), H. opuntiae (HO), mixed fermenta-
tion of M. pulcherrima and L. thermotolerans (M54 + L31) and S. cere-
visiae (SC)
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Sensory evaluation

Figure 6 shows the sensory evaluation carried out by 8 tast-
ers. The wines fermented by M29 were the cleanest, while 
the SC control samples were the most turbid. Enhanced clar-
ity in specific non-Saccharomyces wines can be attributed to 
the release of cell wall mannoproteins with sedimentation 
and stabilization capabilities [46]. The tasters also identified 
the M29 wines as having the highest tonality, it is possible 
that the perception of this parameter is affected by the tur-
bidity of the sample, as no significant differences for tonal-
ity were identified by spectrophotometric analysis.

In relation to the aromatic parameters evaluated, it should 
be underlined that the samples with the highest aromatic 
intensity were the control samples, these wines were also 
the ones with the highest aromatic quality score, but without 
significant differences with the fermentations of the Han-
seniaspora genus and with M54 fermentations. The wines 
identified as most varietal were M29 and M54 + L31. The 
reason for this may be that the M54 + L31 fermentations had 
high amounts of linalool (Fig. 5). The fermentative aroma 

linalool, showing concentrations above its threshold of per-
ception in HV fermentations with values around 428 µg/L. 
The perception threshold for this compound is 25.2 µg/L in 
model wine [44]. Linalool is identified with a citrus, flo-
ral and lavender aroma and its concentration in muscatel 
wines ranges from 14.7 to 102.9 µg/L [45]. In regard to the 
α-terpineol content, it is interesting to note that in all sam-
ples low concentrations of this compound were obtained, 
between 14 and 33 µg/L, with the exception of the HV sam-
ples with concentrations of around 1500 µg/L. The aroma of 
α-terpineol is described as floral, lilac and pine, its threshold 
of perception is 250 µg/L [44] and concentrations in muscat 
wines range from 60.3 to 146.1 µg/L. Finally, it is worth 
noting the high concentrations identified in all samples for 
the nerol content, being significantly higher in the SC and 
M54 fermentations with values of around 1200 µg/L. The 
aroma of nerol is described as floral, fruity and rose, with a 
perception threshold of 300 µg/L in water [44].

Fig. 5  Concentrations of terpenes (µg/L) of Albillo Mayor wines pro-
duced with different yeasts; H. vineae (HV), M29 yeast strain of M. 
pulcherrima (M29), M54 yeast strain of M. pulcherrima (M54), H. 
opuntiae (HO), mixed fermentation of M. pulcherrima and L. thermo-

tolerans (M54 + L31) and S. cerevisiae (SC). Values are means ± stan-
dard deviations (n = 3). A different letter means significant differences 
(p < 0.05)
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together with the control wines was considered to be the 
best quality.

Conclusions

The use of non-Saccharomyces yeast species resulted in 
wines with higher total acidity compared to controls. This 
is particularly the effect of mixed fermentations, due to the 
formation of lactic acid by L. thermotolerans which had a 

was scored similarly for all wines and this is in agreement 
with the GC-FID data, as no significant differences in the 
sum of total volatiles were observed (Table 3).

Acidity was perceived as higher in HV samples, although 
the most acidic wines were those from M54 + L31 (Table 1). 
No differences in sweetness, body and bitterness were per-
ceived. SC and M54 + L31 wines were perceived as the most 
astringent. Finally, it should be noted that the tasters con-
sidered that the most balanced wine was the M29, which 

Fig. 6  Spider plot showing the sen-
sory evaluation of Albillo Mayor 
wines produced with different 
yeasts; H. vineae (HV), M29 yeast 
strain of M. pulcherrima (M29), 
M54 yeast strain of M. pulcherrima 
(M54), H. opuntiae (HO), mixed 
fermentation of M. pulcherrima 
and L. thermotolerans (M54 + L31) 
and S. cerevisiae (SC). Means in 
the same axis with the same let-
ter are not significantly different 
(p < 0.05)
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adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.
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