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ABSTRACT
The aim of this research was to acquire new strains of 
Saccharomyces cerevisiae exhibiting opposite characteristics of 
cell wall adsorption: very high adsorption activity toward the 
ochratoxin A, very low adsorption activity toward the pigmented 
phenolic compounds contained in musts from black grapes. For 
this purpose, starting from 313 strains of Saccharomyces cerevi-
siae, 12 strains were pre-selected and used to obtain 27 intraspe-
cific hybrids. Eleven crosses out of 27 were validated as hybrids; 
the best five hybrids were used in guided winemaking at four 
Calabrian wineries. The employed experimental protocol has 
allowed to select yeast strains for their different adsorption activ-
ity, improving the strains by spore clone selection and construc-
tion of intraspecific hybrids. These results suggest an efficacious 
way to improve the characteristics of interest in wine yeasts.

KEYWORDS 
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1. Introduction

The wine yeast selection constantly evolves and, consequently, new traits are 
proposed in order to gain new specific wine characteristics (Ďurčanská et al. 
2019). One of these traits, the parietal adsorption activity, is notably different 
from yeast to yeast. These differences are related to structural characteristics 
and chemical composition of the outermost layer of cell wall and generate 
numerous enological effects (Caridi 2006). The ability to adsorb in winemak-
ing unquestionably harmful substances, such as ochratoxin A (OTA) or 
commonly useful substances such as pigmented polyphenolic compounds is 
a strain-dependent trait (Caridi and Sidari 2012). So, while excluding the 
strains of Saccharomyces cerevisiae able to adsorb both these compounds, it 
may be possible to select, with specific protocols, yeast strains able to mainly 
adsorb OTA. In fact, while the strains with high adsorbing activity are gen-
erally useful to produce white wines, the strains with high adsorbing activity 
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toward the OTA and low adsorbing activity toward the pigmented polyphe-
nolic compounds may be preferable to produce red wines. Moreover, it was 
reported that the grape must composition affects the yeast adsorption ability 
toward colored polyphenols and astringency of wines (Rinaldi et al. 2016; 
Sidari and Caridi 2016). The greater or lesser phenolic adsorption on yeast cell 
wall influences concentration and composition of phenolics in wine. 
Significant correlations between yeast strain used for winemaking and phe-
nolic content in wine were reported, demonstrating that strain behavior can 
somewhat modify chromatic properties, phenolic profile and antioxidant 
power of wines (Caridi et al. 2004, 2017a, 2015; Samoticha et al. 2019).

Grape must can contain different amounts of OTA, often due to the growth 
of mycotoxin-producing molds at the end of grape ripening. Climatic and 
geographic differences influence mold growth and OTA contamination of 
grapes. Nowadays, the European legal limit for OTA concentration in wine is 
of 2 μg/kg (Benito 2019). In Europe, higher OTA levels were detected in wines 
originating from southern areas with typically warmer climates. Consequently, 
the use of particular enological practices or specifically selected wine yeasts able 
to adsorb OTA during alcoholic fermentation was proposed to counter this 
problem (Caridi et al. 2006, 2012; Cecchini et al. 2006; Gambuti et al. 2005; 
Meca, Blaiotta, and Ritieni 2010; Olivares-Marín et al. 2009; Petruzzi et al. 
2015). Literature data support our approach to perform a specific selection of 
wine yeasts able to selectively remove OTA, while protecting both phenolics 
and color in red wines (Aponte and Blaiotta 2016; Petruzzi et al. 2014).

Over years of isolation and clonal selection of newly isolated strains and 
their descendants in single spore cultures, some strains with interesting char-
acteristics were identified. The next step consists of construction of intraspe-
cific hybrids, starting from the already selected strains, to control whether the 
required characteristics may be enhanced through such hybrids.

The aim of this research was to acquire new strains of S. cerevisiae exhibiting 
opposite characteristics in terms of cell wall adsorption: very high adsorption 
activity toward OTA and at the same time very low adsorption activity toward 
the pigmented phenolic compounds contained in the musts from black grapes. 
Therefore, S. cerevisiae strains were firstly screened for main enological traits; 
then, the best strains were further tested for their phenolic and OTA adsorp-
tion ability. Lastly, hybrids obtained from the best strains were tested in 
winemaking at wineries (Fig. 1).

2. Material and methods

2.1. Pre-selection trials

The starting point were 313 strains of S. cerevisiae supplied by the research 
groups of the University of Modena and Reggio Emilia (UniMORE), University 
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of Napoli (UniNA), and University of Reggio Calabria (UniRC). The strains 
were pre-selected by evaluating: (a) type of growth designed to exclude floccu-
lent strains during grape must fermentation in test tubes containing 10 mL of 
thermally treated (110°C for 10 min) and filtered (through sterile gauze) grape 
must, according to Caridi, Cufari, and Ramondino (2002); (b) acetic acid 
production to exclude high acetic acid producer strains on Chalk agar at 30°C 
for three days according to Lemaresquier et al. (1995); (c) H2S production to 
exclude high H2S producer strains on BiGGY agar at 25°C for two days 
according to Nickerson (1953); (d) production of spores typical of the genus 
Saccharomyces – to exclude non-spore and non-typical spore producer strains 
on acetate agar (anhydrous sodium acetate 10 g/L, agar 20 g/L) at 25°C for 
10 days according to Fowell (1952).

Based on the results obtained by the pre-selection trials, the yeast strains 
were tested for their low adsorption activity of phenolics and high adsorption 
activity of OTA. To study their ability to adsorb grape pigments, the yeast 
strains were grown in the chromogenic grape-skin agar medium (Caridi 2013) 
and, after 10 days of anaerobic incubation at 28°C, yeast biomass was photo-
graphed and the images were processed for red, green, and blue components 
using Photoshop CS for Windows XP from Adobe. Moreover, the strains were 
tested in micro-winemaking trials to confirm their low ability to adsorb grape 
pigments and phenolics during fermentation. Black grapes of Gaglioppo culti-
var were given pre-fermentative maceration to extract pigments from skins 
and seeds. They were destemmed, crushed and cold soaked at 0°C for three 
days, performing a punch down twice per day. The must obtained after 
pressing (pH 3.50, °Brix 23) was divided in aliquots of 20 mL, immediately 
inoculated at 5% in triplicate with the wine yeasts, and incubated at 20°C. The 
weight loss caused by CO2 production after three days of fermentation was 
determined according to Caridi (2003); so, the fermentation vigor was 
expressed as g of CO2 100 mL−1 of must. At the end of fermentation, wines 
were diluted 1:5 (v/v) with a pH 3.5 buffer (citric acid monohydrate 0.1 M, Na2 
HPO4 0.2 M) after centrifugation. The absorbance at 420, 520, and 620 nm was 
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Figure 1. Experimental design.
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read using an Anadeo1 spectrophotometer (Bibby Sterilin Ltd); the color 
intensity was calculated with the following formula: I = A420 + A520 
+ A620 (Glories 1984). The total phenolic content was determined using the 
Folin-Ciocalteu’s index according to Singleton and Rossi (1965). Based on the 
results of strains ability to adsorb grape pigments and phenolics, several strains 
were excluded. The remaining strains were further studied for their ability to 
remove OTA from synthetic must (Yeast Nitrogen Base 6.7 g/L, tartaric acid 
5.0 g/L, malic acid 5.0 g/L, citric acid 0.2 g/L, dextrose 110 g/L, fructose 100 g/ 
L, and sucrose 7 g/L, pH 3.3) supplemented with 5 ppb of OTA, considering 
the percentage of OTA removed. Yeast pre-cultures were prepared in YPD 
broth (yeast extract 10 g/L, peptone 10 g/L, dextrose 20 g/L) at 28°C for 48 h. 
Tests were performed inoculating in triplicate 10 mL of the synthetic must 
with 0.2 mL of the pre-cultures. The fermentations were carried out at 25°C 
and after 28 days the natural OTA content of the wines was determined by 
HPLC, expressing data in ppb (Meca, Blaiotta, and Ritieni 2010).

2.2. Sporulation and spore clone selection

Parents and progenies were studied using the chromogenic grape-skin agar 
medium and performing micro-winemaking trials to confirm their low ability 
to adsorb grape pigments and phenolics during fermentation. The yeasts were 
grown at 28°C for 2 days on YPD broth, solidified with 2% agar when required. 
Sporulation was induced at 28°C for seven days on acetate agar. Ascospores 
were isolated on YPD agar by a micromanipulator Singer MSM System series 
300 manual. Ascus wall was digested at 25°C for 20 min using zymolyase 
20 T – 10 mg/mL (Seikagaku, Kogyo ⁄ Tokyo, Japan) diluted 1:9 with sterile 
distilled water. To make sure only pure cultures were used, cells from a colony 
(monosporal cultures and potential hybrids) of about 1 mm diameter were 
picked up and suspended in 25 μL of sterile water. The cell suspension was 
purified through isolation by micromanipulator of only one cell, to be sure of 
obtaining a pure culture.

PCR reaction was performed directly on the colony by heat treatment 
(Ciani et al. 2003) without extracting DNA and applying the PCR conditions 
described by Mannazzu et al. (2002) and Mariangeli et al. (2004). The PCR 
amplicons were analyzed by electrophoresis on a 1.4% agarose gel in 0.5 X TBE 
buffer stained with ethidium bromide. The restriction fragments length poly-
morphism (RFLP) analysis of the SED1 and AGA1 was performed with two 
restriction enzymes: Hpa II (BioLabs, New England) for SED1 and Alu 
I (BioLabs, New England) for AGA1. The reaction mix was incubated for 
2 h and analyzed on 2% agarose gel. Customized oligonucleotides were used to 
amplify some regions of the yeast genome between the elements that provide 
an amplified sequence polymorphism, useful in differentiating S. cerevisiae at 
the strain level (Legras and Karst 2003; Ness et al. 1993). Amplification 
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reactions were performed on a GeneAMP PCR System 2004 thermal cycler 
(Applied Biosystems, Foster City, California), using primers d12 and d21 and 
using the same experimental conditions set by Legras and Karst (2003). The 
amplification products were analyzed by electrophoresis on 1.8% agarose gel 
in 1X TBE buffer and visualized by UV light after ethidium bromide staining.

2.3. Hybrids production and molecular characterization

Hybrids were obtained according to Boveri, Raineri, and Pulvirenti (2012) and 
typed by molecular methods including interdelta analysis and minisatellite 
markers (DAN4, AGA1, SED1, HSP150) according to Boveri, Raineri, and 
Pulvirenti (2012) and Aponte and Blaiotta (2016).

2.4. Winemaking trials

The control strain Zymaflore F15 (Laffort Oenologie, France) and the five best 
hybrid strains were used in winemaking at four Calabrian wineries: 1) Azienda 
Agrituristica Contessa, Lattarico (CS); 2) Azienda Vinicola Malaspina, Melito 
Porto Salvo (RC); 3) Azienda Agricola Cosimo Murace, Bivongi (RC); 4) Azienda 
Agricola Fratelli Zagarella, Arghillà (RC). Therefore, grape musts of the following 
cultivars: Gaglioppo, Magliocco, Malvasia nera, and Nerello calabrese were used.

2.5. Analyses of the wines

The wines produced were analyzed for the absorbance at 420, 520, and 620 nm, 
indicating the yellow, red, and blue color, respectively and the color intensity, 
the total phenolic and the OTA content using the above reported methods. In 
addition, the experimental wines were analyzed by HPLC on a Gilson 307 Series 
HPLC system equipped with a refractive index detector (RID 133, Gilson) and 
using an MetCarb68H column (6.5 300 mm, Varian) as reported by Aponte 
and Blaiotta (2016). The flow rate was 0.4 mL/min and the mobile phase was 
0.01 N H2SO4. The injection volume of mixed standards was 20 mL. The 
temperature of the column was set at 65°C. The identification of acetic, citric, 
tartaric, malic, and succinic acids and of glycerol and ethanol was carried out by 
comparing retention times with those of standards (wine analysis stock solu-
tions I, II and IV, Fluka) under the same HPLC conditions. Quantitative 
determination was performed using the external standard method.

2.6. Statistical analysis

Data had two replicates which were subjected to statistical analysis using 
StatGraphics Centurion XVI for Windows XP (StatPoint Technologies, Inc., 
USA) according to Fisher’s LSD (Least Significant Difference) (p < .05).
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3. Results

3.1. Pre-selection trials

To increase the biodiversity of the yeast strains from which to start the 
research, we have found the candidates for the final selection by performing 
different screenings of many wine yeast strains isolated from different terri-
tories of the Mediterranean basin.

A first group of candidates was provided by the UniMORE research group. 
Ten strains were obtained by the screening of 111 yeast strains isolated from: 
a) grapes of the Carricante, Grecanico, and Nerello mascalese, cultivars, grown 
in the Sicily region (Italy), b) grapes of the Grecanico, Tempranillo and Touriga 
national cultivars, grown in the Penedès and La Rioja regions (Spain), c) 
grapes of the Tinta rorizi, Touriga franca, and Touriga national cultivars 
grown in Portugal (data not shown).

A second group of candidates was provided by the UniNA research group. 
Ten strains were obtained after screening of 118 yeast strains isolated from 
grapes of the Catalenesca del Vesuvio, Gragnano, Moscato di Saracena, and 
Magliocco Canino (Pollino DOC area) cultivars grown in the Campania (Italy) 
and Calabria (Italy) regions (data not shown).

A third group of candidates was provided by the UniRC research group. 
Seven strains were obtained after screening of 84 yeast strains isolated from 
grapes of the Greco bianco, Inzolia, Magliocco, Nerello calabrese, and 
Pecorello cultivars grown in the Calabria (Italy) and Sicily (Italy) regions 
(data not shown).

3.2. Sporulation and spore clone selection

Through dissection with Singer micromanipulator and after controlling 
the viability of the spores, 280 monosporal cultures were obtained from 
the pre-selected 27 strains. This included 113 descendants from the 10 
candidates of UniMORE, 99 descendants from the 10 candidates of 
UniNA, and 68 descendants from the seven candidates of UniRC. In 
order to highlight the segregation of the desired traits, the monosporal 
cultures obtained were subjected to the same screening tests performed on 
the parental strains. As result of this screening, four monosporal cultures 
for each site were chosen for classic genetic improvement by using the 
hybridization technique (data not shown).

3.3. Hybrids production and molecular characterization

The hybridization technique is understood as a genetic improvement tech-
nique. Consequently, it is necessary to verify the variations of the phenotypic 
characteristics of interest of the hybrid. So the molecular investigations give 
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us confirmation of the crossing, while the phenotypic ones give us confirma-
tion of the improvement or, on the contrary, of the possible loss of the traits 
of interest. Ultimately, the hybrid can be better or worse than the parents. 
Consequently, the term “genetic improvement” was adopted since the hybri-
dization done with spores may effectively improve the yeasts for the studied 
traits. Obviously, the technique used is a classic genetic improvement 
technique.

The crossings made obtained a total of 27 hybrid strains. However, only 11 
hybrids could be validated by analyzing them and the corresponding parents 
by molecular markers -RFLP analysis of the SED1 and AGA1 minisatellites 
(Boveri, Raineri, and Pulvirenti 2012).

In order to better characterize the 11 hybrids, additional molecular markers 
were analyzed (Table 1). The results of the genotypic analysis by different 
molecular markers showed that the numerous hybridization attempts led to 
the generation of 11 different hybrids; two hybrids – RC029A-1D x RC039C- 
1 C (4) and RC029B-1 C x RC039C-1 C (7) – coming from the same parents 
showed identical molecular markers.

The 11 hybrid strains obtained were subjected to phenotypical analysis 
(Table 2) to choose the best five hybrid strains, which were used to perform 
winemaking at the four wineries. The hybrids exhibited similar acetic acid 
production on Petri plates but at the end of the winemaking one of them, 
strain RC029A-1D x RC039C-1 C (4), exhibited a too high value (0.452 g/L of 
acetic acid) and was excluded. Eight out the 11 hybrids produced a low or 
medium content of sulfur compounds; so three strains;NA014C-1D 
x RC039C-1 C (3), RC026C-1 C x RC039C-1 C (9), and RE049B-1A 
x RC039C-1 C (9) were excluded due to their too high sulfur compounds 
production. The OTA removal ranged from 7.24 to 58.50%; so, two strains, 
NA015A-1B x NA093B-1 C (2) and NA015A-1B x RC039C-1 C (5) that 
exhibited the lowest adsorption of the OTA were excluded.

Table 1. Genotypic analysis of 11 verified hybrids of Saccharomyces cerevisiae.

Hybrid1

Pattern showed by different molecular markers

Biotype2Interdelta DAN4 AGA1 SED1 HSP150 DAN4/Rsa I

NA014C-1D x RC039C-1 C (3) A A A A A A B1
NA015A-1B x NA093B-1 C (2) B B B B A B B2
NA015A-1B x RC039C-1 C (5) B C A A A C B3
RC026C-1 C x RC039C-1 C (9) C D A A B D B4
RC029A-1D x RC039C-1 C (4) D E A C A E B5
RC029A-1D x RE078C-1 C (4) E F B C B F B6
RC029B-1 C x NA093B-1 C (6) D G B D A G B7
RC029B-1 C x RC039C-1 C (7) D E A C A E B5
RC029B-1 C x RE078C-1 C (4) E1 H B C B H B8
RE049B-1A x NA093B-1 C (5) F I B B B I B9
RE049B-1A x RC039C-1 C (9) F E A A B E1 B10

1The five selected hybrids are in bold. 2Biotype: on the basis of combined results of different molecular markers.
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3.4. Analyses of the wines

Table 3 reports the analytical traits of the wines produced at the winery Contessa 
using black grapes of the cultivar Magliocco. Compared to the control wine, 
produced using the wine yeast Zymaflore F15, all the five hybrids produced 
wines with lower content of OTA. Strain RC029B-1 C x NA093B-1 C (6) seems 
to be preferable since it produced wine with higher contents in ethanol and 
tartaric acid and with the lowest content of acetic acid.

Table 4 reports the analytical traits of the wines produced at the winery 
Zagarella using black grapes of the cultivar Malvasia nera. Compared to the 
control wine, all the five hybrids produced wines with significantly lower 
content of OTA and significantly higher content of polyphenolic compounds 
(Folin-Ciocalteu’s index). Strain RC029A-1D x RE078C-1 C (4) seems to be 
preferable due to the higher contents of ethanol, tartaric, malic, and succinic 
acids, the significantly highest absorbance at 520 nm and color intensity, and 
with the lowest content of acetic acid.

Table 5 reports the analytical traits of the wines produced at the winery 
Malaspina using black grapes of the cultivar Gaglioppo. Some analyses of the 
wine produced with the hybrid RC029A-1D x RE078C-1 C (4) are missing 
because they were not detected (see “nd” in the table) andthis has no consequence 
on the conclusions drawn. Compared to the control wine, strain RE049B-1A 
x NA093B-1 C (5) seems to be preferable due to the higher content of ethanol, 
higher absorbance at 520 nm and color intensity, higher content of polyphenolic 
compounds (Folin-Ciocalteu’s index), and the lowest content in OTA.

Table 6 reports the analytical traits of the wines produced at the winery 
Murace using black grapes of the cultivar Nerello calabrese. Some analyses of 
the wines produced with the hybrids RC029A-1D x RE078C-1 C (4) and 
RC029B-1 C x RC039C-1 C (7) are missing because they were not detected 
(see “nd” in the table) and in addition, for the same reason, the acetic acid 
content is missing for all the wines. This has no consequence on the conclu-
sions drawn. Compared to the control wine, strain RC029B-1 C x RE078C-1 C 
(4) seems to be preferable due to the highest content of ethanol and tartaric 
acid, the significantly highest absorbance at 520 nm and color intensity, higher 
content of polyphenolic compounds (Folin-Ciocalteu’s index), and to the 
lowest content of OTA.

It is interesting to note that in the different winemaking trials the hybrids 
performed differently; therefore, the importance of a correct and specific strain 
selection is validated.

4. Discussion

The wine industry is constantly searching for yeast strains that could result in 
the production of wine with better sensory and color properties. However, 
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when selecting yeasts, it is suggested to take into account the possible enhance-
ment of a specific wine characteristic which could have a detrimental effect on 
the other wine properties (Topić Božič et al. 2019). Sidari et al. (2007) 
demonstrated that yeast starter can induce differences in wine color. In 
some circumstances, this is due to the wine color adsorption phenotype, an 
inheritable quantitative trait loci of wine yeasts (Caridi et al. 2007). Monagas, 
Gómez-Cordovés, and Bartolomé (2007) conducted a study on the influence 
of S. cerevisiae yeast strains on the anthocyanin, pyranoanthocyanins and non- 
anthocyanin phenolic compounds of red wines where the results showed that 
anthocyanins were the compounds most affected by the yeast strains, inde-
pendent of the grape variety.

The main yeast selection criteria to improve wine color include: 1) the ability 
to enhance wine color via the metabolic formation of stable pigments, e.g., 
vitisins and vinylphenolic pyranoanthocyanins, and the scant adsorption of 
anthocyanins by the yeast cell wall; 2) the absence of β-glucosidase activity, to 
prevent color degradation; 3) the facilitation of colloidal stabilization in red 
wines by allowing aging, to help stabilize color (Suárez-Lepe and Morata 2012). 
Meca, Blaiotta, and Ritieni (2010) showed that yeast adsorbed the mycotoxin on 
the external and internal part of the cell. Moreover, OTA is mainly adsorbed 
during yeast exponential grow phase and in some cases, depending on strain, 
again released in wine (Aponte and Blaiotta 2016). This phenomenon could be 
due to the premature autolysis of some yeast strains.

Yeast cells adsorption activity is one of the proposed mechanisms to remove 
both colored phenols and OTA (Bejaoui et al. 2004; Moruno et al. 2005). Other 
authors have proposed OTA degradation pathway (Angioni et al. 2007). We 
propose, for the first time, to control red winemaking using selected hybrid 
yeast strains in order to remove OTA and not remove colored phenols. The 
results are of interest as OTA content in wines has a legal limit, at least in 
Europe and the most common corrective techniques to reduce it are agents 
like active carbon or microbial free filtration, which are efficient but have 
important undesirable side effects, such losses of color and aroma. Frequently, 
prior to bottling, the wine is treated by filtration to remove microorganisms, 
where which it passes through a battery of filters and goes directly to the 
warehouses of the cellar; this way up to 80% of OTA is usually removed. The 
five hybrids were chosen considering not only the OTA adsorption parameter 
(47–53% in synthetic must supplemented with 5 ppb of OTA) but taking also 
into account and balancing the other screening parameters, for example color 
intensity. All the wines produced using the five hybrids always exhibited no 
detectable OTA or OTA content under the legal limit. One treatment (hybrid 
yeast) did not exclude the other (filtration of microorganisms) which takes 
place during fermentation and the other during stabilization.

The most delicate work was to develop a certain system to confirm that the 
strains obtained after micromanipulation were truly hybrids deriving from the 
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two parents. Being parents of the same species, the techniques normally applied 
are not effective. With regard to the validation of the effective establishment of 
intraspecific hybrids deriving from the crossbreeding of monosporal cultures, 
selected on the basis of the characteristics “very high adsorption of the OTA” and 
“very low adsorption of the colored phenolic compounds”, we have decided to use 
the comparison of the polymorphism of minisatellite-like regions contained in 
the two genes SED1 and AGA1. Both genes encode components of the cell wall 
structure, the first for membrane glycoproteins, the second for anchoring the α- 
agglutinin subunit to membrane components. The minisatellite-like regions, 
contained in the two genes, were studied and developed in laboratory protocols, 
adopting this system to highlight the differences in polymorphism in both the 
amplified and restriction mapping for identification and characterization at the 
level of strain and species of “wild” yeasts. It was previously verified that for the 
genes tested there are numerous allelic variants of the same minisatellite-like 
regions, found both by directly studying the wild-type karyotype, and the 
monosporal cultures deriving from the same sample (Boveri, Raineri, and 
Pulvirenti 2012). This last data is interesting for our research, as we work with 
monosporal crops and, therefore, suppose that there is an increase in poly-
morphism, which can be used to compare different profiles. We hypothesized 
that sexual recombination – hybridization mechanism – generates an acquisi-
tion of both amplification structures deriving from the two parental strains. The 
use of the polymorphism of the SED1 gene was not sufficient for all the pairs to 
be hybridized. So, in the same way we proceeded to study the amplification of 
the AGA1 gene to find differences between the missing pairs. This was possible 
because all the hybridization pairs have either SED1 or AGA1. Even with the 
AGA1 gene, the actual recombination is already denoted by comparing the 
amplified and, subsequently, always in the same modalities and principles of 
recombination, but with a different restriction enzyme (AluI), also by comparing 
the restriction profiles. Both the study of the polymorphism of the SED1 gene 
and that of AGA1 are an excellent and easy way to set up tool in the procedure 
and in the reading of electrophoretic profiles, for the validation of intraspecific 
hybrids. Given the importance of the yeast cell wall composition in the adsorp-
tion process of colored phenolic compounds (Caridi et al. 2017b; Mazauric and 
Salmon 2006; Morata et al. 2003; Sidari et al. 2007) and OTA (Chen et al. 2018), 
and given the direct implication of the SED1 and AGA1 genes in some of the 
membrane components, it is assumed that the choice of these genes as molecular 
targets for the validation of intraspecific hybrids is of interest.

The natural variability of yeasts for the studied traits may be exploited to 
obtain a further enhancement of the adsorption/non-adsorption activity of 
wine yeasts. However, the trend of the yeast adsorption performance is that 
strains that remove more OTA are the same that adsorb more color and 
phenolics from wine. Consequently, the best strains for red winemaking 
obtained with the present selection possess intermediary adsorption 
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characteristics. The inheritable nature of the adsorption of wine color and 
OTA were analyzed on descendants derived from wine strains of S. cerevisiae 
based on the investigation on the progeny which demonstrated that adsorp-
tion of wine color and adsorption of OTA are polygenic inheritable quanti-
tative traits loci, partially and interdependently correlated to color and 
phenolic content of wines. This may justify the employment of genomic 
strategies for genetic improvement of the strains.

5. Conclusion

The employed experimental protocol has allowed to select yeast strains for 
innovative characteristics connected to their different adsorption activity, 
allowing to improve the strains by spore clone selection and construction of 
intraspecific hybrids. The results encourage to continue in this direction to 
enhance the traits of interest. Taking into account the results, it is possible to 
affirm that the choice of the most promising strain depends also on the grape 
cultivar used. The hybrid RC029B-1 C x NA093B-1 C (6) is the best strain in 
the winemaking of Magliocco and Gaglioppo cultivars while the hybrids 
RC029A-1D x RE078C-1 C (4) and RE049B-1A x NA093B-1 C (5) is the 
best strains in the winemaking of Malvasia nera and Nerello calabrese 
cultivars. The proposed methodology efficiently removes OTA and does 
not result in side effects such as loss of aroma and color, which were 
previously reported for other methodologies employed at industry level to 
deal with the problem.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research was supported by Italian Ministry of Education, University and Research, PRIN 
(Projects of Relevant National Interest), title of the project: “Wine strain improvement 
strategies to enhance red wine safety based on parietal adsorption activity”.

ORCID

Andrea Caridi http://orcid.org/0000-0001-6980-3563
Rossana Sidari http://orcid.org/0000-0002-1893-9214
Andrea Pulvirenti http://orcid.org/0000-0002-8479-8878
Giuseppe Blaiotta http://orcid.org/0000-0002-2174-8259

FOOD BIOTECHNOLOGY 367



References

Angioni, A., P. Caboni, A. Garau, A. Farris, D. Orro, M. Budroni, and P. Cabras. 2007. In vitro 
interaction between ochratoxin A and different strains of Saccharomyces cerevisiae and 
Kloeckera apiculata. J. Agric. Food Chem. 55 (5):2043–2048. doi:10.1021/jf062768u.

Aponte, M., and G. Blaiotta. 2016. Selection of an autochthonous Saccharomyces cerevisiae 
strain for the vinification of “Moscato di Saracena”, a southern Italy (Calabria Region) 
passito wine. Food Microbiol. 54:30–39. doi:10.1016/j.fm.2015.10.019.

Bejaoui, H., F. Mathieu, P. Taillandier, and A. Lebrihi. 2004. Ochratoxin A removal in synthetic 
and natural grape juices by selected oenological Saccharomyces strains. J. Appl. Microbiol. 97 
(5):1038–1044. doi:10.1111/j.1365-2672.2004.02385.x.

Benito, S. 2019. The management of compounds that influence human health in modern wine 
making from an HACCP point of view. Fermentation 5 (2):33. doi:10.3390/fermentation5020033.

Boveri, S., S. Raineri, and A. Pulvirenti. 2012. Method for the validation of intraspecific crosses of 
Saccharomyces cerevisiae strains by minisatellite analysis. Can. J. Microbiol. 58 (3):350–358. 
doi:10.1139/w11-142.

Caridi, A. 2003. Effect of protectants on the fermentation performance of wine yeasts subjected 
to osmotic stress. Food Technol. Biotechnol. 41 (2):145–148.

Caridi, A. 2006. Enological functions of parietal yeast mannoproteins. Antonie Leeuwenhoek 89 
(3–4):417–422. doi:10.1007/s10482-005-9050-x.

Caridi, A. 2013. Improved screening method for the selection of wine yeasts based on their 
pigment adsorption activity. Food Technol. Biotechnol. 51 (1):137–144.

Caridi, A., A. Cufari, R. Lovino, R. Palumbo, and I. Tedesco. 2004. Influence of yeast on polyphenol 
composition of wine. Food Technol. Biotechnol. 42 (1):37–40.

Caridi, A., A. Cufari, and D. Ramondino. 2002. Isolation and clonal pre-selection of enological 
Saccharomyces. J. Gen. Appl. Microbiol. 48 (5):261–268. doi:10.2323/jgam.48.261.

Caridi, A., A. De Bruno, E. De Salvo, A. Piscopo, M. Poiana, and R. Sidari. 2017b. Selected 
yeasts to enhance phenolic content and quality in red wine from low pigmented grapes. Eur. 
Food Res. Technol. 243 (3):367–378. doi:10.1007/s00217-016-2750-9.

Caridi, A., F. Galvano, A. Tafuri, and A. Ritieni. 2006. Ochratoxin A removal during 
winemaking. Enzyme Microb. Technol. 40 (1):122–126. doi:10.1016/j.enzmictec.2006.07.002.

Caridi, A., and R. Sidari. 2012. Clonal selection of wine starter for opposite adsorption activity 
of phenolics and ochratoxin A during winemaking. Paper presented at the Third National 
Meeting SIMTREA, Book of Abstract, p.20, Bari (Italy), June 26-28.

Caridi, A., R. Sidari, A. M. Giuffrè, T. M. Pellicanò, V. Sicari, C. Zappia, and M. Poiana. 2017a. 
Test of four generations of Saccharomyces cerevisiae concerning their effect on antioxidant 
phenolic compounds in wine. Eur. Food Res. Technol. 243 (7):1287–1294. doi:10.1007/ 
s00217-016-2840-8.

Caridi, A., R. Sidari, L. Kraková, T. Kutchta, and D. Pangallo. 2015. Assessment of color adsorption by 
yeast using grape skin agar and impact on red wine color. J. Int. Sci. Vigne Vin 49:195–203. 
doi:10.20870/oeno-one.2015.49.3.81.

Caridi, A., R. Sidari, A. Pulvirenti, G. Meca, and A. Ritieni. 2012. Ochratoxin A adsorption 
phenotype: An inheritable yeast trait. J. Gen. Appl. Microbiol. 58 (3):225–233. doi:10.2323/ 
jgam.58.225.

Caridi, A., R. Sidari, L. Solieri, A. Cufari, and P. Giudici. 2007. Wine colour adsorption phenotype: 
An inheritable quantitative trait loci of yeasts. J. Appl. Microbiol. 103 (3):735–742. doi:10.1111/ 
j.1365-2672.2007.03301.x.

Cecchini, F., M. Morassut, E. García Moruno, and R. Di Stefano. 2006. Influence of yeast strain 
on ochratoxin A content during fermentation of white and red must. Food Microbiol. 
23:411–417. doi:10.1016/j.fm.2005.08.003.

368 A. CARIDI ET AL.

https://doi.org/10.1021/jf062768u
https://doi.org/10.1016/j.fm.2015.10.019
https://doi.org/10.1111/j.1365-2672.2004.02385.x
https://doi.org/10.3390/fermentation5020033
https://doi.org/10.1139/w11-142
https://doi.org/10.1007/s10482-005-9050-x
https://doi.org/10.2323/jgam.48.261
https://doi.org/10.1007/s00217-016-2750-9
https://doi.org/10.1016/j.enzmictec.2006.07.002
https://doi.org/10.1007/s00217-016-2840-8
https://doi.org/10.1007/s00217-016-2840-8
https://doi.org/10.20870/oeno-one.2015.49.3.81
https://doi.org/10.2323/jgam.58.225
https://doi.org/10.2323/jgam.58.225
https://doi.org/10.1111/j.1365-2672.2007.03301.x
https://doi.org/10.1111/j.1365-2672.2007.03301.x
https://doi.org/10.1016/j.fm.2005.08.003


Chen, W., L. Chen, B. Zhang, Z. Zhou, Y. Shen, X. Liao, J. Yang, Y. Wang, X. Li, Y. Li, et al. 2018. 
Advances in biodetoxification of ochratoxin A. A review of the past five decades. Frontiers 
Microbiol. 9:1386. doi:10.3389/fmicb.2018.01386.

Ciani, M., I. Mannazzu, P. Marinangeli, F. Clementi, and A. Martini. 2003. Contribution of 
winery-resident Saccharomyces cerevisiae strains to spontaneous grape must fermentation. 
Antonie Leeuwenhoek 85:159–164.

Ďurčanská, K., L. Muchová, T. Drtilová, P. Olejníková, K. Ženišová, and K. Furdíková. 2019. 
Characterization and selection of Saccharomyces cerevisiae strains isolated from traditional 
and newly-bred vine varieties of Czech Republic and Slovakia. J. Food Nutr. Res. 58 
(1):9–20.

Fowell, R. R. 1952. Sodium acetate agar as a sporulation medium for yeasts. Nature 170:578. 
doi:10.1038/170578a0.

Gambuti, A., D. Strollo, A. Genovese, M. Ugliano, A. Ritieni, and L. Moio. 2005. Influence of 
enological practices on ochratoxin A concentration in wine. Am. J. Enol. Vitic. 56:155–162.

Glories, Y. 1984. La couleur des vins rouges. Ire Partie: Les équilibres des anthocyanes et des 
tannins. Connaiss. Vigne Vin 18:195–217. doi:10.20870/oeno-one.1984.18.3.1751.

Legras, J. L., and F. Karst. 2003. Optimisation of interdelta analysis for Saccharomyces cerevisiae 
strain characterisation. FEMS Microbiol. Lett. 221:249–255. doi:10.1016/S0378-1097(03) 
00205-2.

Lemaresquier, H., A. Gainvors, C. Lequart, B. Charlemagne, V. Frézier, and A. Belarbi. 1995. 
Sélection de levures œnologiques á activité clarifiant. Rev. Fr. Oenol. 154:23–29.

Mannazzu, I., E. Simonetti, P. Marinangeli, E. Guerra, M. Budroni, M. Thangavelu, S. Bowen, 
A. E. Wheals, and F. Clementi. 2002. SED1 gene length and sequence polymorphisms in feral 
strains of Saccharomyces cerevisiae. Appl. Environ. Microbiol. 68:5437–5444.

Mariangeli, P., P. Clementi, M. Ciani, and I. Mannazzu. 2004. SED1 polymorphism within the 
genus. Saccharomyces. FEMS Yeast Res. 5:73–79.

Mazauric, J. P., and J. M. Salmon. 2006. Interactions between yeast lees and wine polyphenols 
during simulation of wine aging: II. Analysis of desorbed polyphenol compounds from yeast 
lees. J. Agric. Food Chem. 54 (11):3876–3881. doi:10.1021/jf060037o.

Meca, G., G. Blaiotta, and A. Ritieni. 2010. Reduction of ochratoxin A during the fermentation of 
Italian red wine Moscato. Food Control 21 (4):579–583. doi:10.1016/j.foodcont.2009.08.008.

Monagas, M., C. Gómez-Cordovés, and B. Bartolomé. 2007. Evaluation of different Saccharomyces 
cerevisiae strains for red winemaking. Influence on the anthocyanin, pyranoanthocyanin and 
non-anthocyanin phenolic content and colour characteristics of wines. Food Chem. 104 
(2):814–823. doi:10.1016/j.foodchem.2006.12.043.

Morata, A., M. C. Gómez-Cordovés, J. Suberviola, B. Bartolomé, B. Colomo, and J. A. Suárez. 
2003. Adsorption of anthocyanins by yeast cell walls during the fermentation of red wines. 
J. Agric. Food Chem. 51 (14):4084–4088. doi:10.1021/jf021134u.

Moruno, E. G., C. Sanlorenzo, B. Boccaccino, and R. Di Stefano. 2005. Treatment with yeast to 
reduce the concentration of ochratoxin A in red wine. Am. J. Enol. Viticult. 56:73–76.

Ness, F., F. Lavallée, D. Dubourdieu, M. Aigle, and L. Dulau. 1993. Identification of yeast strains 
using the polymerase chain reaction. J. Sci. Food Agric. 62:89–94. doi:10.1002/jsfa.2740620113.

Nickerson, W. J. 1953. Reduction of inorganic substances by yeast. I. Extracellular reduction of 
sulphide by species of Candida. J. Infect. Dis. 93:43–48. doi:10.1093/infdis/93.1.43.

Olivares-Marín, M., V. Del Prete, E. Garcia-Moruno, C. Fernández-González, A. Macías- 
García, and V. Gómez-Serrano. 2009. The development of an activated carbon from cherry 
stones and its use in the removal of ochratoxin A from red wine. Food Control 20:298–303. 
doi:10.1016/j.foodcont.2008.05.008.

FOOD BIOTECHNOLOGY 369

https://doi.org/10.3389/fmicb.2018.01386
https://doi.org/10.1038/170578a0
https://doi.org/10.20870/oeno-one.1984.18.3.1751
https://doi.org/10.1016/S0378-1097(03)00205-2
https://doi.org/10.1016/S0378-1097(03)00205-2
https://doi.org/10.1021/jf060037o
https://doi.org/10.1016/j.foodcont.2009.08.008
https://doi.org/10.1016/j.foodchem.2006.12.043
https://doi.org/10.1021/jf021134u
https://doi.org/10.1002/jsfa.2740620113
https://doi.org/10.1093/infdis/93.1.43
https://doi.org/10.1016/j.foodcont.2008.05.008


Petruzzi, L., A. Baiano, A. De Gianni, M. Sinigaglia, M. R. Corbo, and A. Bevilacqua. 2015. 
Differential adsorption of ochratoxin A and anthocyanins by inactivated yeasts and yeast cell 
walls during simulation of wine aging. Toxins 7 (10):4350–4365. doi:10.3390/toxins7104350.

Petruzzi, L., A. Bevilacqua, A. Baiano, L. Beneduce, M. R. Corbo, and M. Sinigaglia. 2014. Study 
of Saccharomyces cerevisiae W13 as a functional starter for the removal of ochratoxin A. 
Food Control 35 (1):373–377. doi:10.1016/j.foodcont.2013.07.033.

Rinaldi, A., G. Blaiotta, M. Aponte, and L. Moio. 2016. Effect of yeast strain and some 
nutritional factors on tannin composition and potential astringency of model wines. Food 
Microbiol. 53:128–134. doi:10.1016/j.fm.2015.09.013.

Samoticha, J., A. Wojdyło, J. Chmielewska, and J. Nofer. 2019. Effect of different yeast strains 
and temperature of fermentation on basic enological parameters, polyphenols and volatile 
compounds of Aurore white wine. Foods 8:E599. doi:10.3390/foods8120599.

Sidari, R., and A. Caridi. 2016. Nutrient depletion modifies cell wall adsorption activity of wine 
yeast. World J. Microbiol. Biotechnol. 32:89. doi:10.1007/s11274-016-2047-y.

Sidari, R., S. Postorino, A. Caparello, and A. Caridi. 2007. Evolution during wine aging of 
colour and tannin differences induced by wine starters. Ann. Microbiol. 57 (2):197–201. 
doi:10.1007/BF03175207.

Singleton,S.L., and J. A. Rossi. 1965. Colorimetry of total phenolics with phosphomolybdic-pho-
sphotungstic acid reagents. Am. J. Enol. Vitic. 16:144–158.

Suárez-Lepe, J. A., and A. Morata. 2012. New trends in yeast selection for winemaking. Trends 
Food Sci. Technol. 23 (1):39–50. doi:10.1016/j.tifs.2011.08.005.

Topić Božič, J., D. Korte, L. Butinar, and B. Mozetič Vodopivec. 2019. Yeasts and wine colour. 
Croat. J. Food Sci. Technol. 11 (2):291–302. doi:10.17508/CJFST.2019.11.2.17.

370 A. CARIDI ET AL.

https://doi.org/10.3390/toxins7104350
https://doi.org/10.1016/j.foodcont.2013.07.033
https://doi.org/10.1016/j.fm.2015.09.013
https://doi.org/10.3390/foods8120599
https://doi.org/10.1007/s11274-016-2047-y
https://doi.org/10.1007/BF03175207
https://doi.org/10.1016/j.tifs.2011.08.005
https://doi.org/10.17508/CJFST.2019.11.2.17

	Abstract
	1. Introduction
	2. Material and methods
	2.1. Pre-selection trials
	2.2. Sporulation and spore clone selection
	2.3. Hybrids production and molecular characterization
	2.4. Winemaking trials
	2.5. Analyses of the wines
	2.6. Statistical analysis

	3. Results
	3.1. Pre-selection trials
	3.2. Sporulation and spore clone selection
	3.3. Hybrids production and molecular characterization
	3.4. Analyses of the wines

	4. Discussion
	5. Conclusion
	Disclosure statement
	Funding
	ORCID
	References

