
1 
 

                      

                 

INSTITUTO SUPERIOR DE AGRONOMIA 
UNIVERSIDADE DE LISBOA 

 

MASTER THESIS 

Use of Non Saccharomyces yeast strains coupled with ultrasound 

treatments as a novel technique to accelerate aging over lees of red 

wines and its repercussion in sensorial parameters. 

 

Priyanka Prashant Kulkarni 
 

Dissertation to obtain the degree of 
European Master of Science in Viticulture and Enology 

  

Supervisor: Antonio Morata Barrado (Universidade Politecnica de Madrid)  
Co-Supervisor: Olga Laureano (Universidade de Lisbon- ISA, Portugal) 
 

Jury Members: 

Presidente:  Doutor Jorge Ricardo Da Silva, Professor Catedrático, Instituto Superior 
de Agronomia da Universidade de Lisboa, Portugal. 

Vogais:  Doutor Antonio Morata Barrado, Dept. of Food Technology (ETSIA, 
Universidade Politécnica de Madrid). 
Doutor Felipe Palomero, Dept. of Food Technology (ETSIA, Universidade 
Politécnica de Madrid). 
Doutor Wenduyé Tesfaye, Dept. of Food Technology (ETSIA, Universidade 
Politécnica de Madrid). 
Doutor Manuel Malfeito-Ferreira, Professor Auxiliar com Agregação, Instituto 
Superior de Agronomia da Universidade de Lisboa, Portugal. 

 
September 2014, Lisbon 



2 
 

 
 
 

Declaration  

 

I Priyanka Kulkarni herewith declare that the Master Thesis submitted here with 

the title; 

Use of Non Saccharomyces yeast strains coupled with ultrasound treatments as a 

novel technique to accelerate aging over lees of red wines and its repercussion in 

sensorial parameters. 

Has been composed by myself without any inadmissible help and without the use 

of sources other than those listed in the list of references. All persons and 

institutions that have directly or indirectly helped me with the preparation of the 

thesis, have been acknowledged and that this thesis has not been submitted, wholly 

or substantially, as an examination document at any other institution. 

 

 

 

 

Madrid,                                                                                             Signature                                                                            

September 2014  

 

 

 

 

 

 

 



3 
 

Abstract 

Ageing over lees has long been considered to benefit the overall quality of wine, enhancing the 

body and mouthful as well as sensorial complexity, color stability. Despite of all the positive 

attributes conferred by this technique, it is a complex process which could last up to years and is 

affected by several variables of different nature and complexities. This process has several 

economic impacts representing large investments for all producers to store the wines in cellars as 

well as the wine maker has to bear the potential risk associated with the organoleptic and 

microbiological alterations in the wines. Thus, it is important for the winemakers to optimize the 

time of ageing on lees. Further more in today’s fiercely competitive market it is reasonable to 

develop new strategies and techniques to accelerate the ageing over lees process, shorten the 

storage time and achieve better quality. In this study two novel techniques: use of non 

Saccharomyces strains coupled with ultrasound treatment were tested to see their efficiency for 

accelerating aging over lees. The combined effects of the techniques were tested to see their 

impacts on the polysaccharide release and on the organoleptic properties of red wine. Release of 

polysaccharides was analyzed by HPLC-RI. Anthocyanins and aroma compounds were analyzed 

by using HPLC-PDAD/ESI-MS, GC-FID respectively. Also Color and Total Phenolic Index 

were recorded periodically along the experiment. Results showed that ultrasound treatment is a 

reliable technique for shortening the ageing on lees process by strongly increasing the 

concentration of polysaccharides released into the wine after only two weeks treatment and 

without adversely affecting the sensorial quality of the wine. Additions of sand as an abrasives 

agent increased the polysaccharide release.  Furthermore the non Saccharomyces strains of 

Schizosaccharomyces pombe, Saccharomyces ludwigii and Brettanomyces showed better results 

with regards to the amount of polysaccharide release compared to the control Saccharomyces 

strains. Interesting results with Brettanomyces were observed, as the use of this particular strain 

did not impart any off flavors to the wine. This can be explained by the use of lyophilized strains 

used in this study which were dosed in the wine to carry out the aging over lees. Ultrasonic 

treatment coupled with aging over lees resulted in reduction of anthocyanin content of the wine 

and also effected the aroma compounds.In conclusion this study illustrated the use of 

Ultrasounds and Non Saccharomyces strains as novel techniques for aging over lees, however 

more research in this field is required to study the clear effects on ultrasounds on the chemical 

composition of wine before replicating the application on a large scale production.  

Keywords: Ultrasounds, Polysaccharides, Non Saccharomyces, aging over lees.  

 

 

 



4 
 

Acknowledgements 

“Gratitude is not only the greatest of virtues, but the parent of all others.” 

I would like to express my sincere thanks to each and every individual involved in this work. 

I take this opportunity to express my profound gratitude and deep regards to Prf. Antonio 

Morata, who as my 1st supervisor, provided great help, guidance, valuable suggestions as well as 

encouragement throughout this project. Without his support, it would be impossible to 

successfully complete this work; 

 

I greatly appreciate the help of Prf. Olga Laureano, who as my second supervisor, provided 

precious suggestions and guided me through a very inspiring research project prior to the master 

thesis.  

 

I would like to express deep gratitude towards Prf. Ricardo Da Silva Jorge M for supporting me 

throughout the period of my work, with his valuable suggestions to improvise my work and for 

helping me with all administrative formalities involved. 

 

I am highly indebted to Departamento de Tecnología de Alimentos, UPM for their constant 

supervision as well as for providing necessary information , materials and equipments required 

for the experiments & also for their support in completing the master thesis 

 

I would also like to express my gratitude towards all the professors from Montpellier SupAgro, 

Instituto Superior de Agronomia, ETSA UPM and other EMaVE Consortium partners, their 

lectures largely inspired me and deepened my knowledge of Viticulture and Enology 

 

Also I’m thankful to entire department of Vinifera Euromaster for giving me the opportunity to 

be part of this master program.  

 

As I believe that good company in a journey makes the way seem shorter and more joyful, I 

would like to express my special gratitude and thanks to my lab companions Iris Loira, Jaime 

Benayas and Ana María Lendínez for their help, encouragement and the happy moments in the 

laboratory . Also I would like to thank my best friends Aditya Shinde and Kaushal Khairnar for 

all their help, moral support and above all the priceless encouragement provided by them 

throughout my work period.  

 

Lastly, I thank almighty, my parents, sisters and friends for their constant encouragement and 

love without which this work would not be possible. 

 

 

 



5 
 

                                                             General Index 

1 Introduction          7 
1.1 Ageing on lees         7 

1.1.1 Heavy/ Gross Lees        7 

1.1.2 Fine or light lees        8 

1.2 Mechanism of Yeast Autolysis       8 

1.3 Biochemical and Morphological changes of the yeast cell wall during Autolysis  9 

1.4 Products released by Yeast Autolysis      12 

1.4.1 Nitrogen Compounds        12 

1.4.2 Polysaccharides         13 

1.4.3 Lipids          14 

1.4.4 Nucleic Acids         14  

1.4.5 Volatile Compounds        15  

1.5 Enological Functions and Interaction of Lees/ Role of Lees in Winemaking 16 

1.5.1 Effect of lees contact on the volatile fraction of wines    16 

1.5.2 Protein haze protection        17 

1.5.3 Tartrate stability         17 

1.5.4 The Role of lees in The Biogenic Amine Content of the wine   18 

1.5.5 Interaction between Lees and Phenolic Compounds    19 

1.5.6 Importance of lees in the natural removal of undesirable compounds 

from wine         19 

1.5.7 Redox phenomena associated with the presence of lees   20 

1.6 Factors affecting the process of aging on lees/ Autolysis    21 

1.7 New techniques to accelerate Ageing over lees     22 

1.7.1 Use of β‐glucanase enzymes       22 

1.7.2 Use of Lysated lees        23 

1.7.3 Use of Inactivated dry yeast products      23 

1.7.4 Physical treatments for accelerating Autolysis     23 

1.7.5 Use of Non-Saccharomyces Yeast with higher autolytic capacities  24 

1.8 Objective of Current Study        27 

 

2 Material and Methods_________________________________   28 
2.1 Yeast Strains          28 

2.2 Yeast Culture, Growth Media and yeast biomass     29  
2.2.1 Yeast Cell Harvesting.         30 

2.2.2 Cleaning and sedimentation of the biomass     30 

2.2.3 Lyophilization of yeast biomass      31 

2.2.4 Autolysis in Model Medium                                                                          32    

2.2.5. Autolysis in Wine                                                                                             32 

                                                                 

2.3 Analysis of polysaccharides by high performance liquid chromatography with 

refractive index detection (HPLC-RI)      33 

2.4 Analysis of anthocyanins by HPLC with photodiode array detection and mass 

Spectrometry (HPLC-PDAD/ESI-MS)      34 

2.5 Color Measurements         35 



6 
 

2.6 Analysis of Total Polyphenol index (TPI)      36 

 

2.7Analysis of volatile compounds by gas chromatography with 

 flame ionisation detection(GCFID)       36 

2.8 Sensory Analysis         37 

2.9 Statistical Analysis         37 
 

3 Results and Discussion         38  
3.1 Polysaccharide release during cell Autolysis and ultrasonic treatment  38 

3.2 Effect of Ageing over Lees on Anthocyanins content of the wine    40 

3.3 Effects of aging over lees on color intensity and hue    43 

3.4 Evolution of total polyphenol index during aging over lees   45 

3.5 Changes in the Volatile compounds of the wine during ageing over lees   46 

3.6 Sensory Analysis         50 

4 Conclusion_____________________________________________________ 52 
Bibliography___________________________________________________________53_____ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

1. Introduction  

The History of wine making goes to many thousand years back in time.  Over the time 

winemaking techniques have evolved as a perfect blend of science, culture and art. One fact that 

governs the art of wine making is that, at times it is crucial that one goes beyond the regular, 

explore and experiment with new methods and techniques to bring out the best in the wines.  

Over the years this curiosity and gluttony of man to continue improvising the quality of wines 

have resulted in using several unique techniques of wine making. One such practice which can’t 

go unnoticed is the “Sur Lie” Method, which can be literally translated from French as “On 

lees”. It was observed by the Romans that when wine is left on sediments, it showed different 

characteristics as compared to the wines separated from its sediments. Though the chemical 

concepts involved in this process were unknown at that time but the effects of autolysis of yeast 

on the organoleptic properties of wine were perceived in the form of reduced astringency, better 

mouth feel and unique flavors and aromas.  

Ageing on yeast lees is a traditional enological practice used during the manufacture of wines 

(Mazauric & Salmon 2005). This old procedure, has been used in manufacture of white wines 

fermented in barrels (Burgundy and some Loire wines), natural sparkling wines (Champagne and 

Cava), and aged biological wines produced with flor yeasts (Sherry).  As the name suggests, 

ageing on lees is a technique involving leaving the wine in contact with the yeast cells after 

fermentation to favour the compounds transfer between dead cells and wine during yeast 

autolysis. It is normally associated with barrel ageing or chips to soften wood flavour while 

increasing aromatic persistence, balance and complexity of the wine (Loira et al.,2013) . 

 

1.1 Ageing on lees 

According to EEC regulation No: 337/79, “wine lees” is the residue that forms at the bottom of 

recipients containing wine, after fermentation, during storage or after authorized treatments, as 

well the residue obtained following the filtration or centrifugation of this product. 

Fig. 1 shows a scheme of both standard white and red winemaking technology; the steps in 

which lees are generated have been noted (Pérez-Serradilla & Castro de Luque, 2008). 

 

Types of Lees  

1.1.1 Heavy/ Gross Lees 

Gross or heavy lees are the particles deposited at the bottom of the tank at the end of 

fermentation. These lees normally consist of vegetal particles, Agglomerations of tartaric 

crystals, yeast, coloring matter and precipitated tannins. Flakes derived from reactions between 

proteins, polysaccharides and tannins during maceration. This kind of composition cause high 

risk of bacterial infection and the creation of volatile sulfur aromas in the wine when used for the 

aging process. 
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1.1.2 Fine or light lees 

Light lees are particles which remain suspended 24 hours after the wine has drained, racked, 

stirred, etc. The lees used for aging wines are only a small proportion of the total produced 

during alcoholic fermentation. 

 

 

 

1.2 Mechanism of Yeast Autolysis  

The term autolysis literally means ‘Self- destruction’. It stands for the self degradation of the 

cellular constituents of the cell by its own enzymes following cell death. As a consequence of 

this mechanism the medium (wine) is enriched by the compounds released due to the degradation 

of intracellular constituents. These compounds have a significant influence on the sensory 

properties and biological stability of wine (Dharmadhikari 2010). 

Yeast autolysis is characterized by the hydrolysis of biopolymers under the action of hydrolytic 

enzymes which releases cytoplasmic (peptides, amino acids, fatty acids and nucleotides) and cell 

wall (glucans, mannoproteins) compounds into the wine. (Alexandre et al. 2006) Usually, 

autolysis takes place at the end of the stationary growth phase and is associated with cell death. 

(Babayan & Bezrukov 1985; Charpentier & Feuillat 1993) When the medium is depleted of 
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sugars and other available nutrients, the yeast cell begin to use their own internal energy reserve 

consisting of glycogen and other elements. Once these reserves become insufficient for the 

continued energy demands of the cell, cell degeneration begins and autolysis is triggered 

(Connew 1998). 

 

Charpentier & Feuillat, (1993) have studied the autolysis process and describe it as occurring in 

the following stages; 

 First, the cell endostructures are degraded, releasing hydrolytic enzymes into the 

intracellular space. 

 Second, the released hydrolytic enzymes are initially inhibited by specific cytoplasmic 

inhibitors; later these inhibitors are degraded provoking the proteolytic activation of these 

enzymes.  

 Third, Thus following this enzymatic degradation of the intracellular macromolecules, 

there is an accumulation of the hydrolysis products 

 With time the porosity of the cell wall increases and the autolytic products are released into 

the extracellular environments, where the further degradation of these compounds occurs. 

 

1.3 Biochemical and Morphological changes of the yeast cell wall during 

Autolysis  

The cell wall of Saccharomyces cerevisiae may account for between 20 and 30% of the cell dry 

mass. The yeast cell wall (Fig.2) is made up of two principal constituents; βglucans and 

mannoproteins. Chitin represents a minute part of its composition. Glucan representing about 

60% of the dry weight can be chemically fractioned as Fibrous β–1,3 glucan; Amorphous β–1,3 

glucan and β–1,6 glucan. Mannoproteins that are located exclusively on the cell walls constitute 

25–50%, and chitin 1–2% of the cell wall. They also contain endo‐ and exo‐ β–glucanases , The  

activity of these enzymes can last several months after the completion of fermentation ( 

Ribereau, et al., 2006). Studies have shown that glucanases are involved in the yeast cell wall 

degradation (Charpentier & Freyssinet 1989). The β-Glucanases can be classified in two types, 

mainly the endo and exo glucanases. These enzymes hydrolyse the β-O-glycosidic links of the β-

glucan chains, which leads to the release of glucose, oligosaccharides and mannoproteins trapped 

in the cell wall or covalently bound to β-(1→6) and β-(1→3) glucans (Alexandre et al. 2006). 

Charpentier & Freyssinet (1989) & Feuillat et al (1989) showed that cell wall degradation could 

be summarized as follows. 

 First, glucans are hydrolysed by glucanases, thus releasing mannoproteins trapped or 

covalently linked to the glucans. 

 Second, the glucans are released due to either residual activities of cell wall glucanases or 

solubilised glucanases in the medium. 

 Finally, the protein fraction of the mannoproteins is degraded by proteolysis. 
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Figure 2 Schematic representation of yeast cell wall 

Source: Laffort: http://www.laffort.com/emailing/2013-laffort-USA/post-harvest-ageing-on-lees/laffort-usa-

extralyse-2013.html  

 

Microscopy has also been used to study the changes taking place in the cell wall of yeast. 

Although proteases and glucanases degrade the cell wall, there is no break-down of the cell wall 

(Vosti & Joslyn 1954,). Microscopic observation of the yeast cell under autolysis has revealed 

that although glucanases and proteases degrade the wall, there is no breakdown of the cell wall. 

The yeast cell wall retains its shape during autolysis (Martinez et al. 2001b). 

 

Many different events occur during yeast autolysis, although the process leading to autolysis is 

not completely understood. Figure 3 shows a schematic representation of the morphological and 

biochemical changes taking place in the yeast during autolysis. Immediately after the second 

alcoholic fermentation yeast cells are elongated and ovoid. The cell wall is thick and smooth. 

Inside the cell a large vacuole is surrounded by spherical bodies (Figure 3a). Between three and 

six months (Figure 3b), the cell and vacuole are smaller. Spherical bodies are distributed 

throughout the vacuole. The cell wall is rough, small wrinkles or folds can be seen. Between nine 

and 12 months (Figure 3c), the cell appears to have collapsed, explaining its small size. The cell 

wall remains unbroken, with many ridges and folds, nevertheless the yeast cells have lost most of 

their cytoplasmic content. The fate of the plasma membrane during this process is not clear. 

(Alexandre et al. 2006). During yeast ageing, following biochemical changes haves been noted; 

at the start there is an excretion or passive exorption (Morfaux & Dupuy 1966) of amino acids. 

After three to six months, the medium continues to be enriched in amino acids due to peptide and 

protein hydrolysis, and there is a significant increase in polysaccharides from the cell wall. 

Plasma membrane degradation starts, with lipids being released into the medium. From nine to 

12 months, the amino acid concentration decreases and peptide and protein release dominates. 

Cell wall polysaccharides, lipids and ribonucleotides increase slightly (Alexandre et al. 2006).  

http://www.laffort.com/emailing/2013-laffort-USA/post-harvest-ageing-on-lees/laffort-usa-extralyse-2013.html
http://www.laffort.com/emailing/2013-laffort-USA/post-harvest-ageing-on-lees/laffort-usa-extralyse-2013.html
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Figure 3 Schematic representation of morphological and biochemical changes in yeast during autolysis in 

sparkling wine. Immediately after the second alcoholic fermentation (a), between 3  and 6 months (b) and 

between 9 and 12 months (c). 
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1.4 Products released by Yeast Autolysis 

As already seen before ageing on Lees is a technique that involves ageing the wine in contact 

with yeast cells after fermentation, during this period the process of autolysis takes places, which 

is of great importance to wine producers as it releases yeast metabolites into the wine improving 

its quality and organoleptic characters.  

 

The result of autolysis (Figure 4) is the release of proteins (Feuillat et al., 1989; Martinez-

Rodriguez &Polo, 2000), mannoproteins (Charpentier & Freyssinet, 1989; Charpentier, 2000; 

Fornairon-Bonnefond et al., 2002), peptides (Moreno- Arribas et al., 1996; Carnevillier et al., 

2000; Desportes et al., 2001), nucleic acids (Leroy et al., 1990), amino acids (Feuillat & 

Charpentier, 1982), nucleotides and nucleosides (Courtis et al., 1998; Zhao & Fleet, 2003, 

2005; Charpentier et al., 2005), free fatty acids (Piton et al., 1988; Troton et al., 1989; Gallart 

et al., 2002) and volatile compounds (Chung, 1986). 

 

 
Figure 4 Origin of the different compounds released by yeasts during autolysis and their 

potential impact on stability and organoleptic properties of wine 

 

1.4.1 Nitrogen Compounds 

These set of compounds have been considered as the best markets of yeast proteolytic activity 

(Fornairon et al. 2002.; Lurton et al. 1989; Rodrıguez & Polo 2000a). A drop in the protein 

content is observed, when the wine is aged on lees. This is mainly due to the degradation of 

proteins to lower molecular weight compounds. Peptides and amino acids are the major 

compounds released into the wine during autolysis.  With regards to this, several authors have 

studied the role of protease activity in yeast autolysis and its impact on foaming and sensorial 

properties of the wine (Alexandre et al. 2001;  Lurton et al. 1989). Protease A is the main 

enzyme involved, responsible for 60% of the nitrogen released (Alexandre et al., 2001) in the 
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process, presenting the greatest activity in a wine pH range 3–3.5 The increase in the amino acids 

concentration during autolysis is only few milligrams per litre. This is possible mainly due to two 

reasons, 

1. Protease A is an endoprotease that produces peptides rather than amino acids 

2. The amino acid releases are later transformed by decarboxylation and desamination 

reaction, which reduces the final amino acid concentration. 

Inspite of peptides being the majority products of autolysis and markers of the process, they are 

not used as frequently as amino acids mainly due to the complex analytical techniques available 

for their analysis (Moreno et al. 2002).  Previous studies have showed that in the first step of the 

process of autolysis high molecular weight hydrophobic peptides are released (Moreno et al. 

1998a). In the following steps of autolysis, these large peptides are hydrolyzed to less 

hydrophobic peptides of lower molecular weight and to free amino acids. The concentration of 

total wine amino acids increases before the concentration of free amino acids, demonstrating that 

first peptides are released and that later these are hydrolysed into amino acids (Moreno et al. 

1996). 

 

1.4.2 Polysaccharides 

Polysaccharides, the main group of macromolecules present in wines, have two different origins 

(Doco et al., 2003): arabinans, AGPs, RG-II, and RG-I come from the cell walls of grape; 

meanwhile mannoproteins are released by yeast either during fermentation or by enzymatic 

action during ageing on yeast lees by autolysis (Babayan & Bezrukov, 1985; Leroy, Charpentier, 

Duteurtre, Feuillat, & Charpentier, 1990).The polysaccharides found in yeast autolysate 

originate from the breakdown of cell wall components. The main polysaccharides in the cell wall 

are β-(1→3) glucans and mannoproteins, with some chitin. The degradation products of these 

polysaccharides are glucose and man nose (Dharmadhikari 2010). The production and release of 

mannoproteins to wine depends on the yeast strain (Pérez-Serradilla & Castro de Luque, 2008).  

Vidal, Williams, Doco, Moutounet,& Pellerin (2003) estimated mannoproteins to be 

approximately 35% of total polysaccharides in red wines. 

 

Doco et al. (2003) studied the evolution of wine polysaccharides during ageing on lees, and 

observed that ageing on lees resulted in the enzymatic degradation of grape polysaccharides; 

thus, the possibility  of obtaining a significant modification of these polysaccharides, that can 

influence the organoleptic quality of wines, increased with wine lees contact time. They also 

determined that mannoproteins release during wine ageing is a progressive and linear 

phenomenon, and that the simple contact of wine with lees was not sufficient to release 

mannoproteins, but re-suspension of lees by stirring (‘‘batonnage”) significantly increased the 

amount of macromolecules extracted into wine, which is in accordance with the data reported by 

Llauberes & Dubourdieu (1987). 
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1.4.3 Lipids 

Amongst all the different compounds released as a consequence of yeast autolysis, the 

contribution of lipids is less significant (Ferrari, Meunier, & Feuillat, 1987;  Fornairon et al. 

2002).This release of lipids is attributed by the authors to the action of the hydrolytic enzymes on 

the cell wall, with the corresponding release of products to the surrounding medium. The study 

of the release of different classes of lipids during autolysis of three commercial yeast strains of S. 

cerevisiae in a model wine medium by Pueyo et al., (2000), detected lipids in the autolysis 

medium from the very first sample (after 5 h)  

During the process of autolysis, three different stages of the lipids released in the medium were 

observed. 

 The First stages consisted of the release of the Lipids into the medium  

 During the second stage a decrease of the lipid concentration in the autolysate was 

observed  

 In the third stage increase in the number of viable cells was noted, which is possibly the 

growth of the most resistant cells using the biomass released by the autolysed cells as 

nutrients, after this a new cycle of lipid release was observed.  

It has been found that the lipid content in the autolysates is dependent of the yeast strain used. 

The study of lipid composition of the autolysates showed that ,  sterol esters and triacylglycerols 

were the lipids found in a higher proportion (from 1 to 5 mg/l), meanwhile free fatty acids, 

sterols, diacylglycerols and monoacylglycerols were found in an order of magnitude lower (from 

100 to 600 microgram/l).  In a study of the evolution of sterol content in S.cerevisiae it was 

observed that in 14 day period of accelerated autolysis, induced decrease of esterified sterol 

content. Especially first intermediates in the sequence of the ergosterol biosynthesis, as 

zymosterol. By contrast, the yeast autolysis resulted in the release of a low quantity of sterols 

into the medium. At the end of the 14th day of autolysis, only 0.015% of the total sterol content 

in the initial biomass was found in the medium used (Le Fur et al., 1999).  

 

1.4.4 Nucleic Acids  

RNA and DNA make up 5 to 15% and 0.1 to 1.5% of the cell dry weight, respectively. The 

degradation of proteins during autolysis has been studied extensively; however the degradation 

of RNA and DNA in the yeast cell during autolysis has been less researched (Alexandre et al., 

2001). Some authors observed complete degradation of DNA in Saccharomyces cerevisiae, 

while some found no decrease in DNA content during the autolysis of baker’s yeast (Hough & 

Maddox 1970, Suomalainen 1975,Trevelyan  1978) . Thus the extent of DNA degradation during 

autolysis appears to depend on the yeast species (Hernawan & Fleet 1995).  The presence of 

deoxyribonucleaotides in the autolysate indicates that endo- and exonucleases are primarily 

involved in the degradation process. The tendency of DNA to form complexes with proteins 

could protect it, according to Hernawan & Fleet, (1995) from the action of DNAses involved in 

the autolysis. It was observed by Zhao & Fleet (2003) that nearly half (55%) of the total DNA 

was degraded during autolysis thus releasing 3’-and 5’ deoxyribonucleotides. Even under 
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optimum autolytic conditions, some parts of the DNA are resistant to autolytic degradation. 

However, studies of DNA degradation in oenological conditions are still needed. It is expected 

that the presence of ethanol, and the lower pH and temperature would result in a much lower 

DNA degradation (Alexandre et al., 2001). More than 95% of the total content of nucleic acid 

within yeast cells is RNA. Zhao & Fleet (2005) suggested that RNA degradation is a key 

reaction of yeast autolysis. Nucleotides in wine are present in complex mixture with organic 

acids, phenolic compounds, peptides etc. that can interfere with the measurement, thus it is 

important to be careful while measuring these compounds.  In studies by Aussenac et al. 2001,  

Charpentier et al. 2005 on Champagne aged on lees for 8 years they observed nucleotide 

monophosphates in concentrations between 50 μg/L to 500 μg/L, which is considerably different 

from that previously reported (Courtis et al. 1998). In the food industry, monophosphate 

nucleotides are well recognised as flavour compounds, but further studies are needed to evaluate 

the impact of nucleotides on wine flavor. 

 

1.4.5 Volatile Compounds  

Lees may not only release different families of volatile compounds to the wine but can also fix 

volatile compounds which may give rise to complex balance of aromas that impact their quality 

and contribute to wine maturation. Lubbers et al. (1994b) observed that Lees impact the 

persistence of aromatic sensation and can also diminish the concentration of the volatile 

compounds and their volatility. Light lees produce esters that improve the quality of the wines 

but also higher alcohols and volatile fatty acids detrimental to wine quality (Feuillat et al., 1989).  

It was observed by (Chung 1986), that during autolysis of Saccharomyces cerevisiae at 15–20°C 

or 35–40°C in a model wine medium(12% v/v ethanol, pH 3.5) different volatile compounds are 

released after four to six months. The major families of compounds observed both quantitatively 

and qualitatively during this autolysis period were esters.  Fruity aromas are detected at the 

beginning of the yeast autolysis mainly due to the release of ethyl esters, which increased along 

the autolysis. The increase of long-chain fatty esters (C14, C16, and C18) was faster than that of 

short-chain fatty esters. 

 

The second family of volatile compounds detected was alcohols. During the first three months of 

ageing isoamyl alcohol and phenyl-2-ethanol showed an increase. Also compounds like terpene 

alcohols, geraniol, linalool, citronellol, alpha- terpinol and farnesol were observed. All the 

compounds showed and increasing trend during aging, except Linalool, which decreased after 

three months  

 

Amongst the other group of volatile compounds released, Aldehydes were also measured and 

identified. 3-Methylbutanal being the most abundant, representing 40% of the total aldehydes, 

and may be formed through a mechanism involving isoamyl alcohol oxidation. Aldehydes are 

compounds known to have grassy odor that negatively affects the organoleptic properties of the 

wine. The concentrations of most of the aldehydes were found to be near to or even higher than 
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the perception levels in water, however most of them disappeared during the ageing period. 

(Chung 1986). Only benzaldehyde (bitter almond odour) increased. Compounds such as alfa-

decalactone and Vitispirane have also been identified. It has also been observed that there is a 

production of sulfur compounds during the ageing. Many changes occur during autolysis, 

making it difficult to attribute a specific compound to specific organoleptic changes (Alexandre 

et al., 2001). 

 

1.5 Enological Functions and Interaction of Lees/ Role of Lees in Winemaking 

 

1.5.1 Effect of lees contact on the volatile fraction of wines 

Many factors influence the wine aroma, and yeast lees contact is one of them. As a result of the 

contact with yeast lees, certain modification take place in the physo-chemical composition and 

the variations are observed in the volatile and organoleptic properties if the wine. The aroma 

compounds are able to interact with the polysaccharides and proteins produced by the yeast cell 

wall. The strength of these interactions depends on the nature of the aroma compounds and the 

nature of the macromolecules. Lubbers et al. 1994a, b studied the ability of yeast cell walls to 

bind wine aroma compounds in a model wine medium. There was an observed decrease of 

volatility of all aroma compounds. The level of binding increased with the hydrophobic nature of 

the aroma. 

 

The concentration of the esters decreases when the ageing time in the presence of lees increases 

(Riu-Aumatell et al. 2006,  Bautista et al. 2007  & Bueno et al. 2006). The Possible explanation 

to this decrease was proposed by Mauricio, Moreno, & Valero (1993) as the hydrolysis activity 

of the esterases which are released by the lees, following alcoholic fermentation. In contrast to 

these results, some authors observed increase of esters in Airen wines after contact with lees 

(Bueno et al.2006). 

 

It was found that ageing on lees reduced the impact of the wood taste and aroma, thus avoiding 

the excessive predominance of the oak wood aromas over the rest of the wine aromas (Chatonnet 

et al. 1992). Another study by Jimenez Moreno & Ancín Azpilicueta (2007) reported that the 

addition of lees decreased the oak volatile compounds.  Compounds such eugenol, 4 

propylguaicol, 4-methyguaiacol, furfural and hydroxymethylfurfural showed highest affinity for 

the lees, while oak lactones and vanillin were bound to a the lees to a lesser extent.  The lees did 

not bind guaiacol and nonlactone. It was concluded by the authors that lees are capable of 

binding with the oak volatile compounds. This retention increases with the increased 

concentration of the lees. However, more in depth studies are needed in order to clarify the 

influence of lees on the aroma of the wines aged in oak barrels. 

 

The occurrence of the volatile sulfurs in the wine could be attributed to the lees (Vasserot, 

Steinmetz, & Jeandet, 2003). Volatile Sulfur products such as hydrogen sulfide, carbonyl sulfide, 
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sulfur dioxide, polysulfides, thiols or thioesters – which are the cause of olfactory problems due 

to their low perception level and nauseous smell (Fowles, 1994). With Regards to this, ageing on 

lees could be the cause of the problem and also the solution as evidences of both the release of 

sulfurs from lees (De Mora, Eschenbruch, Knowles, & Spedding, 1986; Jinarek et al., 1995; 

Tamayo, Ubeda, & Briones, 1999) and the removal of sulfurs by wine lees (Lavigne & 

Dubourdieu, 1996;  Palacios et al., 1997; Vasserot et al., 2003) have been widely reported. The 

mechanism involved in this phenomenon is a complex process dependent of the yeast strain and 

the winemaking conditions. One possible mechanism suggested by Vasserot et al. (2003) for the 

removal of thiols by yeast lees, is based on the involvement of the metallic cations, supported by 

the fact that both thiol consumption and disulfide formation seem to be inhibited by EDTA. 

From the foregoing, the dual role played by lees in wine sulfurs (which are released from lees or 

removed from wine by them) can be extrapolate, with exceptions, to the wide family of volatile 

compounds present in wines. So, more research is needed in order to exploit lees virtues 

concerning the final wine aroma, and minimize their negative aspects. 

 

1.5.2 Protein haze protection 

Haze is a common problem in white wines, caused by the slow denaturation and flocculation of 

grape proteins. A polysaccharide that promotes the stability of wine has been isolated and 

characterized from its total colloidal fraction (Waters et al., 1994). It is a high mass 

mannoprotein with a molecular weight of 420 kDa, present in a very low concentration in wine 

(0.007% of total polysaccharides), deriving from the lees. The presence in wines of this 

glycoprotein, termed haze‐protective factor, reduces the visible haziness by decreasing the 

particle size of the haze (Waters et al, 1993). This observation explains the lees‐ induced protein 

stabilization of white wines. The improvement by the lees of the wine’s thermal stability is 

neither due to removal of the unstable protein fractions nor to the proteolytic activities present in 

yeasts, but rather to the addition of yeast mannoproteins (Ledoux et al, 1992). Improvement in 

the protein stability of white wines during barrel aging on the lees is a well‐known phenomenon. 

However, the grape proteins responsible for the instability of white wines are not digested or 

adsorbed by the lees during aging: they become heat‐stable in the presence of a 32 kDa, 

N‐glycosylated, heat‐stable mannoprotein. 

 

1.5.3 Tartrate stability 

Polysaccharides play an important role in colloidal stabilization–destabilization phenomena. 

Several studies (Lubbers et al, 1993; Moine-Ledoux & Dubourdieu, 1999; Moine-Ledoux et al, 

1997) show that mannoproteins can inhibit the crystallization of K hydrogen tartrate (KHT).  It 

was observed that mannoprotiens from the yeast hulls inhibit KHT crystallization more in 

comparison to the yeast mannoproteins present in the wines (Gerbaud et al,1997). 
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1.5.4 The Role of lees in The Biogenic Amine Content of the wine 

Apart from several positive attributes of ageing on lees, there are some negative impacts of this 

technique and it is vital for an enologist to bear in mind these factors while using ageing on lees 

in the winery. Biogenic amines in wine can originate from the grape berries themselves or be 

produced during fermentation processes, aging or storage, when wine is exposed to the 

undesirable activity of decarboxylase-positive microorganisms. Contamination may occur from 

poor sanitary conditions of both grapes and processing equipment. Most biogenic amine 

contamination of wine is believed to take place during malolactic fermentation.  Biogenic 

Amines such as Histamine, tyramine, putrescine, cadaverine and phenylethylamine are found in 

wine resulting from the decarboxylation of amino acids (Pérez-Serradilla & Castro de Luque, 

2008). The presence of such compounds can cause health risk to consumers. These amines can 

cause undesirable physiological effects (e.g.headache, nausea, hypotension or hypertension, 

cardiac palpitations and anaphylactic shock (Bauza, et al., 1995; Silla-Santos, 1996) in sensitive 

humans. The Role of lees in the presence of biogenic amines is mainly attributed due to the 

amino acid release during the ageing process (Martínez & Polo, 2000) and the process acts as ‘ 

microorganisms reservoir’ . Yeast are the predominant microorganisms found in the lees, but 

also bacteria from the malo-lactic fermentation can be found in the lees (Salmon et al., 

2002).Thus, lees can be responsible for the presence in wines of amino acids, decarboxylase-

positive microorganisms and decarboxylase enzymes (which can be released during yeast lees 

autolysis), which, under favorable environmental conditions, can lead to biogenic amines 

formation. Two recent studies have been focused on this subject (Pérez-Serradilla & Castro de 

Luque, 2008).Two important studies with white wine (González & Ancín 2006) and red wines 

(Martín-Álvarez et al. 2006) were carried out to study the biogenic amine content of wine with 

respect to aging on lees. The main conclusion from both studies highlighted that the overall 

concentration of biogenic amines in wines matured with lees was higher than the wines 

elaborated without lees (Pérez-Serradilla & Castro de Luque, 2008). According to the results 

from these studies Putrescine was the biogenic amine most affected by the presence of lees. 

These results also agree with those of (Bauza, et al. 1995 ) who also found a higher production of 

putrescine in wines inoculated with bacteria by lees addition. The results obtained by 

(González& Ancín 2006) and (Martín-Álvarez et al. 2006) concerning the behavior of histamine 

and tyramine are contradictory: Martín-Álvarez et al.,(2006)  observed a decrease in these 

amines after wine lees contact, meanwhile González-Marco et al (2006) found a significant 

increase in the concentration of these amines in wines aged in the presence of lees subjected to 

stirring. This physical process can partially explain the different behavior. More research in this 

field is needed to understand the behavior and the effects of aging on lees on the biogenic amine 

concentrations of the wines. And it’s crucial to take into consideration the biogenic amine 

concentrations of the wine while performing the technique of ageing on lees.  
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1.5.5 Interaction between Lees and Phenolic Compounds  

Phenolic compounds are the most important and interesting compounds with regards to the 

enological aspects of the wine. These compounds come from different parts of the grape bunches 

and are extracted during the different wine making operation into the wine.  Phenolic compounds 

are directly correlated to the quality status of the wine.  They contribute to the organoleptic 

properties of wine and also to the color of the wine.  Phenolic compounds also act as 

antioxidants, with mechanisms involving both free-radical scavenging and metal chelation 

(Frankel, Waterhouse, & Kinsella, 1993). The phenolic composition of wines is affected by the 

winemaking procedure (Singleton & Trousdale, 1983) and the grape variety (De la Presa et al, 

1995; Nagel & Wulf, 1979). 

 

The role of ageing on lees and its effect on the phenolic compounds is mainly due to the ability 

of the lees to adsorb phenolic compounds (Mazauric & Salmon, 2005; Mazauric & Salmon, 

2006). The yeast lees also release enzymes (after autolysis) that can modify the phenolic fraction 

(Cunier 1997; Ibern-Gómez et al., 2000). One of the most interesting effects of ageing of lees is 

due to release of mannoproteins by the autolysis of yeast.  Mannoproteins can interact with 

phenolic compounds, improving the color stability and diminishing the wine astringency 

(Fornairon et al., 2002; Trione & Martínez, 2001; Vidal et al., 2004). The polysaccharides 

released during ageing on lees can act as protective colloids interacting with tannins and 

Anthocyanins thus preventing their aggregation and precipitation (Escot et al, 2001). The affinity 

of the lees for oxygen and its potential consumption are much higher than those of polyphenol 

fraction of the wine (Fornairon & Salmon, 2003;. Salmon, 2005). This results in the greater 

stability of the color pigments and lesser degradation of Anthocyanins by oxygen in aged wines. 

Moreover, the reactivity towards oxygen of both lees and phenolic compounds can also be 

affected by interactions between them (Salmon et al., 2002).  

 

1.5.6 Importance of lees in the natural removal of undesirable compounds 

from wine 

Several research have shown the lees can play a role in removal of some undesirable compounds 

from the wine such as ochratoxin A , 4-ethylphenol and 4-ethylguaiacol 

Ochratoxin A 

Ochratoxin A (OTA) is a carcinogenic mycotoxin produced by several fungus species of 

Aspergillus and Penicillium, the presence of which in musts and wines was firstly reported by 

Zimmerli & Dick (1996) and is widely confirmed at present (Festas et al., 2000; Otteneder & 

Majerus, 2000; Siantar et al., 2003). The potential of yeast cells to absorb mycotoxins was first 

reported by Yiannikouris et al. (2003), Yiannikouris et al. (2004) another research focused on 

demonstrating the utility of lees for natural removal of OTA from wines, avoiding the use of 

fining agents (García et al, 2005).  In this study the authors noted a significant reduction of OTA 

after 90 minutes lees-wine contact. The reduction was greater than 70% after 7 days with white 

lees, and around 50% with red lees. The authors justified the better results obtained with white 
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lees, as compared with red lees, by the competition between polyphenols and OTA for the same 

binding sites on the surface of the yeast cells (Cuinier, 1988; Feuillat et al, 2000; Ummarino et 

al, 2001). Thus the capability of lees to remove OTA from wines can be concluded. 

 

4-ethylphenol and 4-ethylguaiacol  

The presence of 4-ethylphenol and 4-ethylguaiacol in wine is due to contamination by yeast 

Brettanomyces (Chatonnet et al , 1992). The aroma associated to the presence of these phenols in 

wine was described as horsy, medicinal and spicy by Chatonnet, Boidron, & Pons (1990). 

Guilloux-Benatier, Chassagne, Alexandre, Charpentier, & Feuillat (2001), and Chassagne, 

Guilloux- Benatier, Alexandre, & Voilley (2005), reported in their publications decreased 

contents of 4-ethylphenol and 4-ethylguaiacol found in wines containing yeast lees as compared 

to the same wines aged without lees; thus demonstrating the feasibility of lees for removing these 

compounds from wine. However, this behavior is highly influenced by variables such as the 

autolysis state of yeast lees, pH, temperature, ethanol content and presence of other wine 

constituents sorbed by yeast lees. 

 

1.5.7 Redox phenomena associated with the presence of lees 

Yeast lees during wine ageing have a reductive effect by consuming dissolved oxygen and 

reducing the amount which will remain in the wine.  This capacity of yeast lees to consume 

oxygen is explained by the mild oxidation of some membrane lipids of the yeast lees on contact 

with low concentration of dissolved oxygen (Salmon et al.2001). In a study it was shown that the 

oxidation potential of red wines aged on lees was lower in comparison to the control wine. Also 

the process of oxidation of several purified phenolic compounds was slowed due to the 

components released during autolysis (Vivas et al., 2000). Fornairon et al. (1999) showed that 

yeast lees remaining at the end of alcoholic fermentation exhibited specific oxygen utilization 

rates ranging from 1– 4 μmol O2 h–1 × 10–10 cells from the second month to the third year of 

wine ageing. Oxygen interaction with yeast lees may exert strong organoleptic effects on the 

final quality of the wine (Salmon et al.2001). Yeast lees are well known to interact with wine 

polyphenols, although these interaction are to a limited extend, they exert a strong effect on the 

wine polyphenols and yeast reactivity towards oxygen during the simulation of wine ageing.  An 

increase in the oxygen consumption capacities with increasing time was observed for the 

polyphenols in solution while the oxygen consumption capacities of yeast lees are strongly 

reduced, resulting in the total decrease of reactivity towards oxygen in comparison instead of 

each component evaluated alone. The Polyphenols isolated after contact with lees show normal 

oxygen consumption capacities, thus indicating that the lowering of the reactivity for oxygen for 

polyphenols is linked to an adsorption phenomenon of the polyphenols on to the yeast lees 

(Salmon et al.2001).  According to Salmon (2006), yeast lees have much higher potential oxygen 

consumption rates and affinities than wine polyphenols and compete with them for oxygen.  
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1.6 Factors affecting the process of aging on lees/ Autolysis 

The main factors that may affect the autolysis are pH, temperature, ethanol and the yeast strain. 

As the pH and ethanol content of the wine can’t be changed, it is essential to maintain the 

temperature conditions during the process of aging on lees (Alexandre et al., 2006). Temperature 

plays a major role on the activity of enzymes which will catalyze the breakdown of 

macromolecular inside the cell wall. Therefore, Low temperature will inhibit yeast autolysis. The 

ideal conditions reported for the process of autolysis consists of temperature of 45°C at pH 5. 

However natural process of autolysis can take place in conditions of pH ranging from 3 to 4 and 

ageing temperatures of 15°C in the presence of ethanol. These differences result in different 

autolysates (Charpentier & Feuillat 1993, Connew 1998).The quantity of polysaccharides 

released by the yeast during autolysis depends of the ageing conditions such as temperature, 

(Figure 5) agitation (Table1) and also the yeast strain. It has been shown that yeast can release 

higher quantities of polysaccharides at higher temperatures in an agitated medium (Llauberes et 

al., 1987 ).  

 

 
Figure 5 Influence of temperature on the production of exocellular polysaccharides. Solid lines 

indicate the length of alcoholic fermentation. (Llauberes et al., 1987) 
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Table1. Impact of agitation on exocellular polysaccharide 

production (Llauberes, 1988) 

 

In a study comparing the autolysis capacity of different yeast strains, it has been shown that 

autolysis greatly varies with the yeast strain and this criterion could be used to select yeast for 

the process of aging on lees (Suzzi1990). As seen already polysaccharides are the products of 

autolysis which have a major influence on the sensorial and physio- chemical properties of the 

wines aged over lees.  There can be significant differences in the qualitative compositions of the 

yeast cell walls and the formation of their wall polysaccharides from one species to another 

(Bartnicki-García, 1968,Prillinger et al.,1993,Weijman & Golubev 1987). However the cell wall 

carbohydrate composition of only few species have been studied (Phaff, 1998). The kinetics of 

the polysaccharide release varies according to the different yeast strains (Morata, Calderón, 

Colomo, González, & Suárez-Lepe,2005; Palomero, Morata, Benito, González, & Suárez-Lepe, 

2007).  

 

1.7 New techniques to accelerate Ageing over lees 

Over the past few years the technique of ageing over lees has gained lot of importance to 

improve the quality of wine. Also this technique is now being used in red wines (Feuillat, Escot, 

Charpentier, & Dulau, 2001) thus improving the stability of the coloring matter and the mouth 

feel of the wine.  This technique however, demands appreciable investment in resources (vats, 

barrels, labour, sensorial analysis and stirring) and is not free of problems. Many research groups 

are now working on how to minimize these difficulties, and how to obtain balanced products 

more quickly and simply (Palomero et al., 2009). 

 

1.7.1 Use of β‐glucanase enzymes  

With the aim to accelerate the autolysis in wines aged over lees, several years ago the wine 

industry developed commercial enzymes. These products are mixtures of several enzymes such 

as β‐glucanase and pectinase that considerable increase the polysaccharide concentration of both 

white and red wines (Pellerin & Tessarolo, 2001,Trione & Martınez, 2001). In a research on the 

release of polysaccharides during autolysis and the accelerating effect of adding β‐glucanase and 
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its effect of growth over lees and on the stability of the monomeric anthocyanin content in red 

wine was studied . The authors observed that the addition of the β‐glucanase greatly reduces the 

time required for the release of Polysaccharides, although the polysaccharide profile was not the 

same as obtained with conventional aging over lees. The fragments produced were of smaller 

molecular weight. Also it was noted that commercial enzyme preparation of these enzymes may 

be contaminated with β- gulcosidase, which negatively affects the anthocyanin content 

(Palomero et al., 2007). Adding these enzymes directly to the wine in presence of lees prompts a 

significant increase in the glucose content, which as a source of carbon may stimulate the growth 

of undesirable microorganisms such as Brettanomyces (Guilloux- benatier & chassagne, 2001). 

 

1.7.2 Use of Lysated lees 

Another new technique for aging over lees is the practice in wineries to age wine presence of 

lysated lees instead of fresh lees. The practices not only reduces the time wine is aged over lees 

but also avoids the possible microbiological and organoleptic risks associated with the 

convention ageing on lees (Fernández et al., 2011).To prepare lysates from fresh lees, 

oenologists in winery accelerate the lysis of lees using plasmolytic and hydrolytic agents 

(Fornairon-Bonnefond,Camarasa, Moutonet & Salmon, 2002) such as tartaric Acid or 

β‐glucanases. This yields lysated lees rich in parietal polysaccharides and products from different 

cell parts. However the effect of such lysated lees on the wine composition and organoleptic 

quality is still not well understood.  In a study to examine the effects of the lysated lees it was 

found that the aging of wines in the presence of lysated lees had the advantage of not modifying 

the monomeric anthocyanins, however it produced wines with lower concentration of tannins. 

Presence of lysated lees produced by combination of acidification and enzyme treatments 

produced wines with grater color intensity, also with tendency to produce red tones and 

increased fullness, sweetness and length of the wine. On the contrary wines aged with lysated 

lees produced by acidification, had no effect no significant effects on the wine color but had 

strong effect on the mouth feel enhancing acid and fresh sensation (Fernández et al., 2011). 

 

1.7.3 Use of Inactivated dry yeast products 

Further more in this section, the use of inactivated dry yeast products is gaining interest in the 

industry; companies like Lallemand are producing products that undergo a specific refining 

process resulting in a high level of polyphenol reactive yeast cell wall polysaccharides. Their 

products such as OptiRED®, OptiWHITE®, BoosterRouge® made to round and smoothen 

tannins both in white and red wines. 

 

1.7.4 Physical treatments for accelerating Autolysis 

Certain processing practices can increase the amount of mannoproteins released into the wine 

and, thus, speed up the ageing on lees, like bâtonnage (stirring) (Doco et al, 2003; Caridi, 2006). 

Recent advance of technologies have brought new potential of physical way of accelerating yeast 

autolysis. The applications of new forms of energy such as ultrasound and microwave in food 
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processing field indicate another direction of this kind of study. High Power Ultrasounds is 

defined as low frequency (20–100 kHz) and high power with intensity usually above 1W/cm2 

(Patist & Bates2008, McClements 1995). As HPU waves pass through a liquid, small bubbles 

form and collapse, this process is termed cavitation. This can create localized areas of high 

temperature and pressure (up to 5000 °C and 50,000 kPa respectively) (Rokhina et al.,2009, 

Suslick 1989)  and formation of hydroxyl radicals(Koda et al., 2009). These areas of localized 

high energy can also cause disruption of the microbial cell wall making them more sensitive to 

the hydroxyl radicals (retrieved Luo et al., 2012).Ultrasounds can thus enhance autolysis by 

increasing the rate and extent of cell disruption (Jiranek et al, 2008). Figure 6 shows the effects 

of ultrasounds on the cells of Zygosaccharomyces bailii. (Luo et al., 2012).  When applied to the 

wine, ultrasounds induce chemical and structural changes in its composition that resemble those 

that occur after many years of natural ageing (Chang & Chen, 2002; Chang, 2004; Chang, 

2005). Besides it has been recently proved that ultrasounds can significantly increase the 

extraction of polysaccharides from an aqueous solution of fungi without changing their 

molecular weight profiles (Cheung, Siu &Wu, 2013). Considering all these aspects ultrasounds 

could be a reliable technique to accelerate the yeast autolytic process and enhance 

polysaccharides release by modifying cell wall structure, in addition of being a source of non-

thermal and relatively inexpensive energy. 

 

Microwave term is referred to an electromagnetic radiation with a wavelength between 1 mm to 

1 m (300 MHz to 300 GHz). Household microwave ovens produce radiation with a fixed 

frequency of 2.45 GHz (Nüchter et al, 2004), thus providing an inexpensive, clean and 

environment friendly source of energy in a rapid and homogeneous manner. It has been 

hypothesized that this method could have application to alter and break the yeast cell wall 

structure. So far, little literature can be found about the application of these techniques in 

winemaking, thus further research is needed.  To further improve the disruption of cell walls and 

accelerate autolysis, supplementary methods such as heating, stirring and use of abrasive agents 

can be considered for their ability of coupling with ultrasounds and microwave treatments.  

 

1.7.5 Use of Non-Saccharomyces Yeast with higher autolytic capacities 

Another interesting technique developed to improvise the aging over lees, involves the study of 

different genera of yeasts Saccharomyces and non Saccharomyces and the possible use of these 

yeasts in the acceleration of aging over-lees, and their effect on the stability of the Anthocyanins 

monomer content in red wine. 
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Figure 6. Effects on aggregates/clusters of Z. bailii after HPU treatment (0.2 W/cm3). Panels A to F 

represent a time series from 0 to 20 min at 4 min intervals. Arrows indicate examples of ruptured cells. 

Scale bars equal 50 µm 

 

The method developed by Suárez-Lepe & Morata, (2006) for new over lees ageing techniques 

targets the use of non Saccharomyces yeast which requires the exogenous generation of biomass 

for later addition to the wine. The yeast biomass used in the process of aging over‐lees is 

generated from a strain selected for its optimal characteristics of exogenously autolysis in a 

laboratory fermentor. The biomass thus obtained is subjected to several successive operations of 

washing and centrifugation to remove any remaining fermentative medium. Finally dehydrated 

by lyophilization and dosed on wine.  

The advantages of this technique over traditional over lees aging are: 

 The ability to use selective yeast with characteristics that are adequate for aging over lees 

in red wine. 

 Lower risk of infection from spoilage yeasts and bacteria 

 Possibility to work with stabilized wines with less risk of bacterial infections 

 Ability to dose the selected yeast for the inoculation of lees 

 

The polysaccharide fraction released from the yeast cell wall exerts one of the major influences 

on the sensorial and physio-chemical properties of the wine aged over lees.  The qualitative 

composition of the yeast cell wall and also the formation of their wall polysaccharide can vary 
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significantly from one species to another (Palomero et al., 2009). Great advances have been 

made in the classification of the yeasts based on their cell wall composition (Bartnicki-García, 

1968; Prillinger et al., 1993; Weijman & Golubev, 1987). However the cell wall carbohydrate 

composition of only few species has been studied in depth, and in even fewer has the distribution 

of carbohydrate components been investigated (Phaff, 1998). Differences in the cell wall were 

studied by Weijman & Golubev (1987) for the ascomycetous yeast, inclusing Saccharomyces 

type containing glucose and mannose and Schizosaccharomyces-type containing galactose, 

glucose and mannose. The cell wall of Saccharomyces cerevisiae consists of β–1,3 glucan 

having lateral ramification of β–1,6 glucan (Fleet & Phaff, 1981). These fibers intertwine with 

small quantities of chitin (Molano, Bowers, & Cabib, 1980) to form a three dimensional structure 

that support the glucomannan– protein complex, which is the major component of the cell wall 

(Ballou, 1976). On the other hand Schizosaccharomyces pombe is yeast with asexual 

reproduction method by binary fission. Due to the presence of polysaccharides and sugar 

derivatives which are not common within the family of Saccharomycetaceae, the cell wall of 

Schizosaccharomyces pombe has a particular structure and composition. In 1995, Kopecká et al. 

studied the cell wall formation of this yeast using electron microscopy and enzyme techniques, 

and found the main differences between Saccharomyces cerevisiae and Schizosaccharomyces 

pombe to be the possession of α-galactomannose rather than mannose, along with the presence of 

α -(1-3) glucan. Figure 7 compares the composition and distribution of carbohydrates in the cell 

walls of Schizosaccharomyces spp. and Saccharomyces spp. 

 

 
Figure 7 a. Illustration of the cell wall and optical microscopy image (1000 ×) of Schizosaccharomyces 

pombe. b. Illustration of the cell wall and optical microscopy image (1000 ×) of Saccharomyces 

cerevisiae. 
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It has been previously stated that the kinetics of polysaccharide release depends on the yeast 

strains (Morata, Calderón, Colomo, González, & Suárez-Lepe, 2005; Palomero, Morata, Benito, 

González, & Suárez-Lepe, 2007). Thus the combination of cell wall structure and autolytic 

behavior suggests different yeasts may possess different polysaccharide release kinetics, which 

should be investigated in order to improve aging over-lees; this would be of particular interest 

with respect to Schizosaccharomyces-type walls (Weijman & Golubev, 1987). 

 

1.8 Objective of Current Study 

The aim of the present work was to evaluate the effects of two novel techniques; use of non 

Saccharomyces and ultrasounds coupled with abrasive addition on the autolysis of yeast and to 

see the possible use of these yeasts in the acceleration of aging over-lees, and to study the effect 

of ultrasounds on the polysaccharide release on the stability of the anthocyanin monomer content 

in red wine. The techniques and the non Saccharomyces yeast needs to compile following 

properties: 

‐ Quick rate of autolysis 

‐ High release of polysaccharides 

‐ Low ability to adsorb anthocyanins 

‐ Production of positive volatile aromas 
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2 Material and Methods  

 

2.1 Yeast Strains 

13 different yeast strains were used, from which 3 strains were of genera Saccharomyces and 10 

non Saccharomyces strains were used.  

The List of strains Used:  

Yeast Strain Characteristics Reference 

Saccharomyces cerevisiae 7VA 

G37 

MN212 

Reproduces by budding 

The main structural component of 

the cell wall are β -(1-3) glucan, β 

-(1-6) glucan , Chitin and 

glucomannan protein complex 

MN212- high release of 

polysaccharides during autolysis 

 

Fleet & Phaff, 1981 

Molano, Bowers, & 

Cabib, 1980 

Ballou, 1976  

Schizosaccharomyces 

pombe 

938 Reproduces by fission 

Cell wall consists  of  α-

galactomannose rather than 

mannose, along with the presence 

of  α (1-3) glucan 

High synthesis of pyruvic acid and 

improvement of red wine color  

 

Kopecká et al. 1995 

Saccharomyces ludwigi 981 Asexual reproduction by bipolar 

budding 

Genus is represented by a single 

species, Saccharomycodes 

ludwigii 

lemon-shaped cells with blunt tips, 

sausage-shaped, curved, or 

elongated with a swelling in the 

middle 

Fugelsang & 

Edwards 2007 

 

Brettanomyces  D37 Anamorphic yeast known for 

spoilage  by production of ethyl 

phenols 

Slow growing yeast 

Classically, Brettanomyces 

exhibits cell shapes described as 

boat-shaped or ogival 

Fugelsang & 

Edwards 2007 

Smith, 1998a 

Kluyveromyces marxianus 2402 Kluyveromyces marxianus is able 

to ferment sugars in high 

temperature environments (up to 

45°C) including grape juice 

Ascomycete yeast with spheroidal, 

ovoid, ellipsoidal, occasionally 

cylindrical cells  

Reproduces by budding  

Enology Access 

Webpage, UC 

Davis California 
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Lachancea thermotolerans 1145  Synonym Kluyveromyces 

thermotolerans  

 

Hansenuela saturnus 931 synthesizes important levels of 

volatile esters, especially isoamyl 

acetate and ethyl acetate 

Erten and Campbell 

2001; Yilmaztekin 

et al. 2008, 2009). 

Torulopsis stellata 1303 Reproduces by budding,  spherical 

to ovoid cells  produces large 

amounts of glycerol and succinic 

acid as end products of its 

metabolism 

EnologAccess 

Webpage, UC 

Davis California  

Candida pulcherrima 1206 Anamorphic yeast 

Candida represents a group with a 

wide range where cells can appear 

microscopically as being globose, 

ellipsoidal, cylindrical, or elongate 

Reproduces by multilateral 

budding 

 

Fugelsang & 

Edwards 2007 

 

Metchnikovia pulcherrima MP Ascomycete, teleomorph 

forms multilateral buds as well as 

pseudohyphae 

Some species produce 

pulcherrimin, 

a brown/red pigment 

 

Fugelsang & 

Edwards 2007 

 

Kluyveromyces 

thermotolerans 

KT Shows mulitlateral budding 

Produces lactic acid during 

fermentation  

Can grow in high osmotic 

concentrations 

Enology Access 

Webpage, UC 

Davis California 

 

 

2.2 Yeast Culture, Growth Media and yeast biomass.  

The yeast biomass used in the over-lees aging assays was obtained by growing the different 

strains in YEPD medium using a step wise scale up method to generate sufficient amount of 

yeast biomass. All the yeast biomass were then lyophilized using and apparatus Edwards 

Modulyo (Crawley, United Kingdom). 

 

Step1 

The original copies of the Yeast available at the Department of Food Technology, UPM, Madrid, 

Spain, were cultured in aseptic conditions on fresh YEPD (1% yeast extract, 2% peptone. 

2%glucose and 2.4% Agar)  agar slants and stored at 23 °C for two days.  

 

 

http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2010.02822.x/full#b6
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2010.02822.x/full#b6
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2010.02822.x/full#b23
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2010.02822.x/full#b23
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Step 2 

5ml of liquid YEPD medium (1% yeast extract, 2% peptone and 2%glucose) were poured into 

20ml test tubes and sterilized at 121°C for 20 minutes. The yeast cells from the agar slants were 

inoculated to the YEPD broth in aseptic condition under the laminar Air Flow using a Nichrome 

wire loop. The tubes were then stored at 23°C for 4 days.  

 

Step 3 

The next step involved the Inoculation of the 5ml of yeast culture to 50ml of YPD broth 

previously made and sterilized at 121°C for 20 minutes and stored at23°C for 3 days.  

 

Step 4 

The final step of generating the yeast biomass consisted of inoculating the 50ml yeast culture to 

2litres YPD broth previously made and sterilized.  These 2 liters flasks were stored at room 

temperature till sufficient multiplication of yeast cells was achieved.  

 

2.2.1Yeast Cell Harvesting.  

The 2litres YPD broths were regularly observed visually to take note of the amount of yeast 

biomass generated in the medium. The flasks were maintained at room temperature for a period 

of two week. Over the time, prominent turbidity was observed in the medium indicating the 

multiplication of yeast cells.  The sedimentation of the yeast cell to the bottom of the flask 

indicated the end of the process.  

 

2.2.2 Cleaning and sedimentation of the biomass 

On completion of fermentation in YEPD medium, the flasks were refrigerated overnight to 

accelerate the sedimentation of the yeast cells. After the sedimentation, the clear supernatant was 

siphoned leaving the yeast lees behind. The lees were washed with MiliQ Water (Milipore), and 

left in the refrigerator at 4°C to fasten sedimentation. The washing procedure repeated for 

minimum 3 times, until the lees are visually pure white to provide yeast biomass with no remains 

of nutrients. For certain strains, the Medium was turbid as even after refrigerating the desired 

sedimentation did not take place. Thus to separate the lees from the medium, centrifugation was 

used at 5000 rpm for 3 minutes.  On the last washing, the lees were transferred to 60ml vials and 

left in the refrigerator until the lees and the supernatant was well separated. The supernatant was 

then siphoned, and the vials were placed in the freezer for a complete freezing of the yeast 

biomass solution. The Biomass preparation was carried out for 13 selected yeast strains in 3 

consecutive batches 
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Figure8. Cleaning of yeast Biomass 

 

2.2.3 Lyophilization of yeast biomass 

A lyophilizer creates a very low temperature and low pressure environment in which aqueous 

solvents will freeze dry, leaving only solute behind. All the yeast biomass was lyophilized using 

an apparatus Edwards Modulyo (Crawley, United Kingdom). The frozen vials with lids removed 

were placed in a lyophilization machine (Edwards), leaning to one side to ease the process. The 

vials were left in the machine for 48 hours until they were completely lyophilized. If there were 

ones that were left unlyophilized, they were put back to freezer to repeat the process. The yeasts 

were crushed down until their appearance resembled that of powder. All the yeast strains in the 

form of powder were then put into plastic vials and conserved at 4°C until use.  

 

 
Figure 9. Lyophilization of the yeast biomass 
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2.2.4 Autolysis in Model Medium  

To quantify the release of polysaccharides during autolysis, aging over-lees was simulated in a 

model medium composed of water/ethanol (90:10 v/v) acidulated to pH 3.5 with tartaric acid. 

The medium was divided into 15ml aliquots and placed in 50ml translucent plastic flacon tubes. 

Polysaccharide release was studied in all 10 strains of non Saccharomyces and Saccharomyces 

cerevisiae G3 (7), 7VA and MN212. Lyophilized yeast were added to the prepared falcon tubes 

at a dose four times higher than the normal dose (0.8g/lit) required for ageing over lees, in order 

to accelerate the process of autolysis. Along with the yeast, sand (0.3g/15ml) was added as an 

abrasive agent in all tubes to further fasten the process of autolysis. The amount of sand used was 

in volumetric proportion to the amount of yeast used.  The falcon tubes were then isothermically 

maintained at 23°C for up to 7 weeks. All the flacon tubes were treated with 50 minutes per 

week with a ultrasound equipment having a frequency of 50 KHz.  The treatment was distributed 

over the week as 10 minutes per day. All assays were performed in quadruplicates  

 

 
Figure 10 Ultrasound treatments given to the samples. 

 

2.2.5 Autolysis in Wine  

The red wine obtained from the V.Vinifera L.cv. Tempranillio grapes from the Ribera del Duero 

(Spain) Denominación de Origen area were used to produce over-lees aged wines in which the 

monomeric anthocyanin content, color variables and volatile compounds were measured. The 

alcohol content of the wine was 13%v/v, pH 3.54. The wine was divided into 90ml aliquots and 

was placed in 100 ml amber glass vials. 6 yeast strains for the best polysaccharide release in the 

model wine medium were selected to stimulate the ageing over lees with wine. Lyophilized yeast 

and sand were added to the wines, in similar doses as used for the ageing over lees in the model 
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wine medium. The glass vials were then isothermically maintained at 23°C for up to 6 weeks. 

All the vials were treated with 50 minutes per week with a ultrasound equipment having a 

frequency of 50 KHz.  The treatment was distributed over the week as 10 minutes per day. All 

assays were performed in triplicates. Samples were drawn every two weeks to measure the 

Anthocyanins content, color variables, totally polyphenols index and the volatile compounds.  

 

2.3 Analysis of polysaccharides by high performance liquid chromatography with 

refractive index detection (HPLC-RI) 

Sample Preparation  

1ml of the model medium of ageing over lees was filtered through an acetate methyl ester 

membrane with 0.45 µm pore size (Teknokroma, Barcelona, Spain), and kept at 4°C until 

analysis by HPLC-RI. Every time 1ml of sample was drawn from the falcon tubes, it was 

replaced with fresh 1ml of Model medium to keep constant volume of 15ml during the process of 

aging over lees.  

Analysis using HPLC-RI 

The polysaccharides released were analyzed by HPLC (Doco, Brillouet, & Moutounet, 1996), 

using Waters chromatograph (Waters, Milford, MA) equipped with a 600E pump, a 717p 

injector and a RI 2412 detector. Separation was achieved using both Ultrahydrogel 250 and 

Ultrahydrogel 500 molecular exclusion columns (Waters, Milford, MA), employing 0.1 M 

NaNO3 in de ionised water (MilliQ) as an eluent. The polysaccharide content of the model 

medium was determined using a calibration curve constructed from the standard polysaccharide 

of size P-100 (112 kDa) 

 

 
Figure 11 Polysaccharides detection by high performance liquid chromatography with refractive index 

detection (HPLC-RI) 
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2.4 Analysis of anthocyanins by HPLC with photodiode array detection and mass 

spectrometry (HPLC-PDAD/ESI-MS) 

The following anthocyanins and pyranoanthocyanins were analyzed using an Agilent 

Technologies, delphinidin- 3-O-glucosides (D3G), petunidin-3-O-glucosides (Pt3G), peonidin-3-

O-glucosides (Pn3G), malvidin-3-O-glucoside (M3G), malvidin-3-O-glucoside-pyruvate adduct 

(vitisin A; VITA), malvidin- 3-O-(600-p-acetylglucoside)-pyruvate adduct (AcVITA), malvidin- 

3-O-(600-p-coumaroylglucoside)-pyruvate adduct (CmVITA), petunidin-3-O-(600-

acetylglucoside) (Pt3G6Ac), peonidin-3-O-(600- acetylglucoside) (Pn3G6Ac), malvidin-3-O-

(600-acetylglucoside) (M3G6Ac), peonidin-3-O-(600-p-coumaroylglucoside) (Pn3GCm), 

malvidin-3-O-(600-p-coumaroylglucoside) (M3GCm), malvidin-3- O-glucoside-4-vinylcatechol 

(M3GVCath), malvidin-3-O-glucoside- 4-vinylepicatequine (M3GVEpiCat), malvidin-3-O-

glucoside- 4-vinylphenol (M3GVPh), malvidin-3-O-glucoside-4-vinylguaiacol (M3GVG) and 

malvidin-3-O-(600-p-coumaroylglucoside)-vinylphenol (M3GCmVPh). 

The anthocyanins in the wines were analyzed using an Agilent HPLC (Agilent Technologies 

Palo Alto, CA), equipped with a PDAD and a quadrupole mass spectrometer with an electro 

spray interface. Solvent A (water/formic acid, 90:10 v/v) and solvent B (methanol/formic acid, 

90:10 v/v) were used as eluents. 

Chromatographic separation was achieved, using a reverse phase Nova-Pak C18 analytical 

column (300 mm _ 3.9 mm i.d.) working at room temperature (25 _C approximately). The 

gradient was linear at a flow rate of 0.8 ml/min from 20 to 50% solvent B for 0–50 min and from 

50 to 20% solvent B for 50–52 min. The column was re-equilibrated for 5 min. Detection was 

performed by scanning in the 500-600 nm range. Quantification was performed by comparison 

against an external standard at 525 nm and expressed as a function of the concentration of 

malvidin-3-O-glucoside (Extrasynthèse, Genay, France). Samples previously filtered were 

injected onto the HPLC column.  

 

The different anthocyanins were identified by their retention times with respect to the majority 

anthocyanin malvidin-3-O-glucoside, and by comparing the UV–Visible and mass spectra with 

data in the literature (Heier, Blaas, Drob, & Wittowski, 2002; Morata, González, & Suárez-Lepe, 

2007). The structures of the anthocyanin- derived pigments formed were determined by liquid 

chromatographic/ Electro spray mass spectrometry (HPLC/ESI-MS) using the same liquid 

chromatography conditions. Electro spray interface parameters were: Drying gas (N2); flow rate, 

10 ml/min; temperature, 350°C; nebulizer pressure, 380 Pa (55 psi); and capillary voltage, 4000 

V. Electrospray interface was performed in positive mode scanning from m/z 100 to m/z 1500 

using 150 V as the fragmenter voltage from 0 to 57 min. 



35 
 

 
Figure 12. HPLC with photodiode array detection and mass spectrometry (HPLC-PDAD/ESI MS) 

 

2.5 Color Measurements 

 Wine absorbance at 420, 520 and 620 nm was determined using a JASCO V-530 (Tokio, Japan) 

spectrophotometer with a 1 mm path length quartz cell, following the Glories procedure (Glories, 

1984a; Glories, 1984b). The colour intensity and hue were recorded. 

 

 
Figure 13. Spectrophotometer JASCO V‐530. 
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2.6 Total Polyphenols Index 

Total Polyphenols Index was measured using the method suggested by Ribéreau-Gayon and 

Sartore, 1970. Samples were diluted 100 times using distilled water and well mixed, Absorbance 

in 280 nm was measured by a JASCO UV/VIS spectrophotometer V-530 (Tokyo, Japan)(Figure 

14), in a 10 mm cuvette, with distilled water serving as the blank. Results were then multiplied 

by 100 to calculate the Total Polyphenols Index (TPI). 

 

 
Figure 14 UV/VIS spectrophotometer for TPI analysis. 

 

2.7 Analysis of volatile compounds by gas chromatography with flame ionisation detection 

(GC-FID)  

The changes in the concentrations of 10 characteristic wine volatile compounds (acetaldehyde, 

ethyl lactate, diacetyl, n-propanol, hexanol, isobutanol, isoamylic alcohol, acetoin, ethyl lactate, 

and 2,3-butane diol) were monitored by gas chromatography using an HP 5890 series II gas 

chromatograph equipped with a flame ionization detector (Hewlett Packard, Palo Alto, CA). The 

instrument was equipped with a Sugelabor SGL-20 (60 m * 0.25 mm * 0.25 lm df) column 

(Madrid, Spain) and calibrated with 4-methyl-2-pentanol. Gas chromatography reference 

samples (Fluka, Sigma–Aldrich Corp., Buchs SG, Switzerland) were used to provide standard 

peaks. Injector temperature and detector temperature were both 250 °C. Column temperature was 

held at 40°C for 4 min and linearly programmed at a rate of 2°C /min up to 60 °C C, increased 

by 5 °C C/min up to 140 °C , held for 10 min, and finally increased from 40 °C /min to 220°C 

held for 7 min. Carrier gas was helium with a flow rate of 1.5 ml/min. Injection mode was split; 

with a split ratio of 1:20. 
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Figure 15. GC-FID equipment; gas chromatography 

 

 

2.8 Sensory Analysis 

Wines were evaluated by a panel of eight judges, comprising members of the staff of the Food 

Technology Department, experienced in wine tasting. The assessment took place in standard 

sensory analysis chambers with separate booths. Prior to the generation of consistent 

terminology by consensus, seven aroma and seven gustatory attributes were chosen to describe 

the wines the panellists used a 5 cm unstructured scale, from 0 to 5, to rate the intensity of each 

attribute, previously selected. Low values were ‘‘attribute not perceptible” and on the contrast 

high values were ‘‘attribute strongly perceptible”. 

The overall impression was also evaluated by each panelist, bearing in mind olfactory and 

gustatory aspects, as well as the lack of defects. 

 

2.9 Statistical Analysis 

Means, standard deviations, analysis of variance (ANOVA) and least significant differences 

(LSD) were calculated using PC Statgraphics v.5 software (Graphics Software Systems, 

Rockville, MD, USA). Significance was set at P < 0.05 (95.0% confidence level) for the 

ANOVA matrix F-value. The multiple range test was used to separate the means. 
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3 Results and Discussion  

 

3.1 Polysaccharide release during cell Autolysis and ultrasonic treatment 

A fundamental criterion for selecting yeast strains to produce wines aged over lees is their cell 

autolysis capacity (Palomero et al.,2009)  and release of cell walls, membranes, fragments and 

metabolites produced during the lytic process into the wine (Morata et al., 2003a). 13 different 

yeast strains of Saccharomyces and non Saccharomyces were tested for their release of 

polysaccharides in a model wine medium over a period of 7 weeks under the ultrasound 

treatment of 50 minutes per week coupled with abrasives. Two yeast strains of Saccharomyces 

cerevisiae G37 and 7VA were used as controls to compares the kinetics of polysaccharides 

release with the other non Saccharomyces yeast. 

 

 
Fig. 16. Polysaccharides released in over-lees aging by all the strains studied. Mean values, standard 

deviations (n = 4) and least significant differences (LSD) are provided 

 

Figure 16 shows the evolution of polysaccharides released in model wine medium. From the 

very first week great differences were seen between the behavior of the Saccharomyces and non 

Saccharomyces yeast. Within 2 weeks the concentrations of polysaccharides produced by Schiz. 

pombe , S’codes. ludwigii and Brettanomyces were greater than (>200mg/l) those produced by 

the other non Saccharomyces strains (Table 2). The high concentration of polysaccharide release 

shows the positive effect of ultrasounds in the process of accelerating the yeast autolysis. In 

conventional ageing over lees schiz.pombe, s’codes ludwigi and S. Cerevisiae attained values of 

103.61mg/l, 110.51mg/l, and 36mg/l respectively in period of 20 weeks.( Palomero et al.,2009) 
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Values almost 2 times greater can be reached within a period of two to three weeks using 

ultrasound treatment with abrasives in aging over lees for schiz.pombe, s’codes ludwigi. A big 

group of non Saccharomyces and the controls showed a poor release of polysaccharide of under 

100 mg/l. Amongst the group of Saccharomyces strain, the strain MN212 showed much higher 

release of polysaccharides reaching up to an average value of 154 mg/lit in second week which is 

almost 3 times greater in comparison to the controls of G37 and 7VA strains 

 

Table 2 Polysaccharides (expressed as mg/l of pullulans) released by autolysis in the studied yeasts from 1
st
 

week to 7
th
 week. 

YEAST STRAIN 1 2 3 4 5 6 7 

Saccharomyces cerevisiae (7VA) 30.2 ± 4.7c 58.8 ± 0.5d 47.4 ± 6.4a 47.5 ± 7.8abc 45.4 ± 10.7abc 45.4 ± 9.7a 40.9 ± 6.1a 

Saccharomyces cerevisiae ( G37) 30.6 ± 0.3c 62.3 ± 1.5d 62.1 ± 9.7a 61.1 ± 10.6cd 66.3 ± 9.7bc 67.3 ± 11.5a 62.4 ± 8.7a 

Saccharomyces cerevisiae (MN212) 77.4 ± 0.3d 154.6 ± 1.0e 139.2 ± 24.2b 121.3 ± 22.1e 121.0 ± 24.5d 116.1 ± 22.2b 114.1 ± 21.4b 

Schizosaccharomyces pombe (938) 154.3 ± 1.0f 310.2 ± 0.3g 311.9 ± 15.4d 282.6 ± 13.8g 275.2 ± 11.7f 251.3 ± 16.8d 239.4 ± 11.6d 

Brettanomyces  (D37) 113.0 ± 1.5e 227.2 ± 0.3f 239.0 ± 8.7c 220.3 ± 13.7f 207.5 ± 11.2e 189.8 ± 20.5c 172.7 ± 12.3c 

Hansenula saturnus (931) 28.9 ± 0.6bc 58.8 ± 5.2d 59.2 ± 9.1a 55.8 ± 10.5bcd 57.0 ± 7.9abc 60.0 ± 11.4a 57.6 ± 12.1a 

Saccharomycodes ludwigii (981) 220.8 ± 1.0g 399.6 ± 36.3h 462.2 ± 21.9e 410.6 ± 41.2h 407.8 ± 59.5g 392.3 ± 87.0e 427.2 ± 19.1e 

Lachancea thermotolerans (1145) 13.4 ± 0.4a 26.5 ± 2.1a 36.4 ± 4.7a 33.4 ± 4.0a 39.8 ± 6.1ab 41.9 ± 7.9a 41.6 ± 8.2a 

Candida pulcherrima (1206) 13.0 ± 0.2a 26.5 ± 0.5abc 45.4 ± 1.9a 39.5 ± 1.7ab 39.9 ± 0.8ab 36.4 ± 2.1a 34.9 ± 15.2a 

Torulopsis stellata (1303) 24.6 ± 0.2b 48.4 ± 0.4bcd 58.5 ± 9.5a 54.0 ± 5.5bcd 61.5 ± 3.2abc 59.7 ± 12.6a 65.0 ± 12.1a 

Kluyveromyces marxianus (2402) 8.3 ± 1.4a 12.3 ± 2.4ab 34.3 ± 6.8a 38.4 ± 3.6ab 38.0 ± 2.9a 40.8 ± 1.9a 45.9 ± 2.0a 

Kluyveromyces thermotolerans (KT) 27.0 ± 0.3b 54.9 ± 0.6cd 66.0 ± 12.1a 69.5 ± 8.2d 67.5 ± 7.4c 70.4 ± 6.3a 62.4 ± 4.8a 

Metchnikovia pulcherrima (MP) 9.0 ± 1.4a 14.1 ± 2.9abc 54.7 ± 10.5a 50.1 ± 5.3abcd 48.1 ± 4.5abc 49.4 ± 5.6a 45.7 ± 4.2a 

Values are means ± standard deviations (n = 4). Means in the same column with the same letter are not significantly 

different (p < 0.05) 

 

Brettanomyces for long has been considered as a threat to the wine quality. This yeast is capable 

of synthesizing compounds such as 4-ethyl guaiacol and 4-ethyl phenol. Chatonnet, Boidron, 

and Pons (1990) described the aroma associated to the presence of these phenols in wine as 

horsy, medicinal and spicy. The autolytic capacity of this yeast is unknown and no work has 

been done to see the effects of using inactivated cells of Brettanomyces to study its autolytic 

capacity and its influence on the organoleptic properties of wine. “Sensory –neutral strains of 

Brettanomyces may exist and use of these stains may improve the quality of some wines without 

imparting off-odors or flavors.(Fugelsang & Edwards 2007 ). Interesting results were observed 

with this yeast with regards to the amount of polysaccharides released during autolysis. With 

Brettanomyces and average value of 227mg/l (Table 2) of polysaccharides was attained in a time 

span of just two weeks. During the entire process of autolysis under ultrasound treatments, a 

rapid increase in polysaccharide content was observed for most of the yeast strains in the first 3 

weeks. With further treatment no changes in the concentrations were observed and in some case 



40 
 

a decrease in polysaccharide content was observed. The exact effects of ultrasounds are not 

known and this decrease could be attributed to the degradation of the polysaccharides due to 

excess ultrasound treatment. It has been found that the relationships between degradation rate of 

polysaccharide and ultrasound time are exponential functions (Cunshan Zhou & Haile Ma 2006). 

Considering the overall effect, ultrasound treatment with abrasives can significantly accelerate 

the process of autolysis; along with non Saccharomyces yeast strains a good value in total 

polysaccharides can be reached. Polysaccharide fraction released has one of the strongest effects 

on the sensorial and physical- chemical properties of wine aged on lees (Palomero et al.,2009b). 

Mannoproteins can interact with phenolic compounds, thus improving the color stability and 

reducing the astringency of wine (Feuillat et al., 2000; Fuster & Escot, 2002; Vidal et al., 

2004)The amount of mannoproteins released by yeast depends on the specific yeast strain (Rosi 

et al., 2000), as well as the fermentation and the aging conditions (RibereauGayon, et al., 2006). 

It is a complex character, and is difficult to use as a selection criterion; nevertheless 4 yeasts with 

higher polysaccharide release along with the two controls were selected from the first batch to 

see their influence on wines.  

 

3.2 Effect of Ageing over Lees on Anthocyanins content of the wine  

With regards to all the yeast strains tested, a significant and progressive decrease in the overall 

profile of total anthocyanins was noted. This decrease can be attributed to the ability of lees to 

adsorb phenolic compounds (Mazauric & Salmon, 2005) (Mazauric & Salmon, 2006). Attention 

was paid to the following anthocyanins owing to their importance in terms of quantity and 

stability: malvidin-3-O-glucoside (M3G), malvidin-3-O-glucosidepyruvate or vitisin A (VITA), 

malvidin-3-O-(6-acetyl)-glucoside (M3G6Ac), malvidin-3-O-(6-p-coumaroyl)-glucoside 

(M3G6Cm), and vinylphenolic pyranoanthocyanins. The vinylphenolic derivatives are derived 

from pyranoanthocyanins of very stable structure and low polarity; they therefore elute after 

malvidin-3-O-(6-p-coumaroyl) - glucoside.  Table 3 shows the concentrations of the majority 

anthocyanin monomer, the acyl derivatives and color stable forms.  Aging of red wines is 

associated with either a degradation of the pigments present or their development into other 

compounds, which in both cases can lead to lower color indices and more orange hues 

(Palomero et al., 2009).In aging over-lees the release of mannoproteins and cell wall 

polysaccharides exerts a protective effect on anthocyanin monomers, improving color stability 

(long lasting blue‐red colors) and diminishing wine astringency (Fornairon, et al., 2002) (Vidal 

et al., 2003). Indeed, aging over-lees is now considered to be a technique that helps preserve 

wine color (Escot, Feuillat, Dulau, & Charpentier, 2001; Vivas & Saint Cricq de Gaulejac, 

2000). However in the following trials, the protective effect on the color was not observed, in 

agreement with other Authors (Rodrigues, Ricardo-Da-Silva, Lucas, & Laureano 2012), who 

found that the enriched mannoproteins commercial preparations did not have an effect on the 

color stabilization of wine.  Figure 17 shows the evolution of the monomeric anthocyanins over 

the period of ageing over lees. A decrease of almost 50% of the monomeric anthocyanins was 

observed for the group of Saccharomyces strains and Schizosaccharomyces pombe. The 
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reduction was even higher (almost 60%) in case of Brettanomyces and Saccharomycodes 

ludwigii. One possible explanation to these differences is the degree of adsorption can range 

between 1.6 and 5.8% (Morata et al., 2005); some yeast strains can therefore adsorb three times 

more pigment than others. With regards to the percentage of decrease, the p‐coumaryl 

derivatives decreased in greater proportion compared to the acetyl derivatives. The greater 

affinity for more apolar acyl derivatives, which are retained longer in the reverse phase column, 

indicates that, with respect to anthocyanins, the cell wall behaves in a more apolar and 

hydrophobic fashion than the wine. According to (Morata et al., 2003), quantitatively, 

malvidin‐3G and its acylated derivatives are those most adsorbed. Another important criterion to 

be considered during aging over lees is the presence of different enzyme activities in the cell wall 

of yeasts. Several authors have studied the β-glucosidase (anthocyanin-b-glucosidase or 

anthocyanase) activity associated with several genera of yeasts (Manzanares, Rojas, Genovés, 

&Vallés, 2000; Rosi, Vinella, & Domizio, 1994; Strauss, Jolly, Lambrechts, & van Rensburg, 

2001) β-glucosidase activity in red wines provokes color loss due to the breaking of the bonds 

between glucose and anthocyanidin moieties (Wightman & Wrolstad, 1996; Wrolstad, 

Wightman, & Durst, 1994). It was reported by Cunier (1997), who explained the decreased color 

of wine, by anthocyanins degradation, by b-glucosidase activity. Although yeast lees have b-

glucosidase activity, anthocyanins removal is mainly due to an adsorption mechanism involving 

weak and reversible interaction between anthocyanins and yeast walls. These results are in 

agreement with those from Morata et al. (2003).  

 

 
Fig. 17 Evolution of Monomeric Anthocyanins in over-lees aging by all the strains studied. Mean values, standard 

deviations (n = 3) and least significant differences (LSD) are provided 
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Effect of ageing over lees on the content of highly stable pyranoanthocyanin pigments 

Vitisins are highly stable pigments formed by the condensation of anthocyanins and metabolites 

released during fermentation. The vitisins are more resistant than other anthocyanins to 

discoloration by SO2 (Bakker & Timberlake, 1997), and express more intense colors than other 

pigments at pH 4 (Atanasova, Fulcrand, Chenyer, & Moutounet, 2002). A strong correlation has 

also been recorded between the quantities of pyruvic acid and acetaldehyde released into the 

medium and the formation of vitisins A and B, respectively (Morata et al., 2003). The 

concentration of Vitisin A was maintained during the 4 weeks of ageing over lees for the 

Saccharomyces strains. This is in agreement with the results from Palomero et al 2007. However 

a small increase in the concentrations of vitisin A was observed in the Schizosaccharomyces 

pombe pombe, Brettanomyces and Saccharomycodes ludwigii in the third week of aging over 

lees.  

Table 3. Changes in the major Anthocyanin compound during aging over lees 

 
Values are means ± standard deviations (n=3), expressed as mg/l, over time with each yeast. Means in the same 

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

 

 

 

No. of Weeks YEAST M3G VitA VITB M3GAc M3GCm Vinilfenólicos TOTAL 

7VA 399.3 ± 5.4a 2.62 ± 0.4a 0.8 ± 0.5a 14.4 ± 0.2a 40.8 ± 0.7a 1.3 ± 0.0a 827.1 ± 26.2ab

G37 399.0 ± 2.3a 2.59 ± 0.9a 0.5 ± 0.1ab 14.4 ± 0.1a 40.6 ± 1.0a 1.4 ± 0.0ab 835.2 ± 6.0bc

1 MN212 404.7 ± 4.5ab 2.67 ± 0.8a 0.6 ± 0.0bc 15.1 ± 0.2bc 41.5 ± 1.1a 1.5 ± 0.0bc 850.6 ± 17.7bc

938 408.2 ± 4.8ab 2.57 ± 0.1a 0.8 ± 0.1d 14.7 ± 0.2bc 41.2 ± 1.0a 1.5 ± 0.0bc 867.1 ± 12.8c

981 429.6 ± 33.8b 2.59 ± 0.2a 0.7 ± 0.1c 15.4 ± 0.4c 43.0 ± 0.0b 1.7 ± 0.0c 868.0 ± 37.0c

D37 406.4 ± 2.7ab 2.52 ± 0.1a 0.6 ± 0.0bc 14.9 ± 0.1ab 41.3 ± 0.1a 1.5 ± 0.0bc 840.3 ± 12.8a

7VA 362.5 ± 2.8c 2.66 ± 0.1b 1.0 ± 0.1b 13.5 ± 0.1cd 33.5 ± 0.6a 1.2 ± 0.0a 741.2 ± 8.2b

G37 362.2 ± 4.5c 2.63 ± 0.1b 1.0 ± 0.0bc 13.3 ± 0.2bc 34.0 ± 0.8a 1.1 ± 0.1a 738.9 ± 10.4b

2 MN212 374.2 ± 1.7d
2.59 ± 0.1

ab 0.9 ± 0.0a 13.8 ± 0.2d 36.1 ± 0.6b 1.2 ± 0.1a 767.6 ± 8.7c

938 361.4 ± 5.5bc 2.67 ± 0.0b 1.1 ± 0.1bc 13.1 ± 0.5ab 34.3 ± 0.9a 1.3 ± 0.1ab 760.7 ± 13.6c

981 351.7 ± 0.7a 2.58 ± 0.0ab 1.1 ± 0.1bc 12.9 ± 0.0a 33.7 ± 0.2a 1.5 ± 0.1bc 606.1 ± 6.8a

D37 356.2 ± 2.1ab 2.46 ± 0.0a 1.1 ± 0.1bc 13.1 ± 0.2ab 33.5 ± 0.4a 1.6 ± 0.2c 605.9 ± 6.8a

7VA 288.5 ± 2.9c 2.54 ± 0.1a 0.8 ± 0.0a 9.7 ± 0.1bc 24.4 ± 0.7b 1.0 ± 0.1a 570.1 ± 10.4cd

G37 288.3 ± 4.7c 2.67 ± 0.4ab 0.8 ± 0.0a 9.9 ± 0.4cd 24.3 ± 0.6b 1.1 ± 0.0ab 567.0 ± 9.8c

4 MN212 302.0 ± 2.9d 2.55± 0.4a 0.9 ± 0.2a 10.7 ± 0.2e 26.0 ± 0.6c 1.1 ± 0.0b 588.3 ± 7.6e

938 287.6 ± 5.3c 3.25 ± 0.2b 1.4 ± 0.2b 10.3 ± 0.3de 24.4 ± 0.6b 1.4 ± 0.1c 586.2 ± 12.7de

981 245.1 ± 5.9a 3.3 ± 0.0b 1.4 ± 0.0b 9.2 ± 0.3ab 21.2 ± 0.6a 1.4 ± 0.1c 384.8 ± 8.8a

D37 254.5 ± 4.3b 3.06 ± 0.9ab 1.6 ± 0.6b 9.0 ± 0.4a 21.5 ± 0.5a 1.4 ± 0.0c 410.5 ± 6.6b

7VA 204.1 ± 5.3c 2.64 ± 0.0ab 0.9 ± 0.0ab 6.6 ± 0.3b 16.4 ± 0.5c 1.2 ± 0.0ab 398.2 ± 11.2c

G37 203.5 ± 4.5c 2.88 ± 0.1b 1.0 ± 0.1bc 6.9 ± 0.4bc 17.1 ± 0.0d 1.2 ± 0.1ab 399.2 ± 9.6c

6 MN212 211.2 ± 1.9d 2.76± 0.2ab 1.2 ± 0.1cd 7.3 ± 0.1c 17.1 ± 0.4d 1.1 ± 0.1a 407.8 ± 6.0c

938 200.6 ± 0.4c 2.83 ± 0.1a 1.2 ± 0.1d 6.9 ± 0.3bc 16.1 ± 0.1c 1.3 ± 0.1cd 404.6 ± 0.8c

981 159.6 ± 3.2a 2.9 ± 0.2b 1.0 ± 0.0b 4.7 ± 0.3a 12.9 ± 0.2a 1.3 ± 0.0bcd 242.0 ± 5.5a

D37 174.7 ± 0.0b 3.0 ± 0.5b 0.8 ± 0.1a 4.8 ± 0.2a 13.8 ± 0.2b 1.3 ± 0.0d 279.5 ± 3.8b
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Greater stability of the pyranoanthocyanin adducts was observed in all assays, as a consequence 

of the fourth heteroaromatic ring in the anthocyanin which promotes the delocalization of the 

positive charge between two oxygen molecules (Morata et al., 2006). Vitisins and Vinylphenolic 

pyranoanthocyanins as highly stable pigments were those that showed the least change during 

aging, and therefore are greater importance in the color of wines with low anthocyanin contents 

 

An overall decrease in the total anthocyanin concentration was observed at the end of aging over 

lees. The effect of ultrasound on the stability of anthocyanin is not yet clearly known. Ultrasound 

has shown promise as alternative technology to thermal treatment for food processing (Mason, 

Riera, Vercet, & Lopez-Bueza, 2005). Ultrasounds have a wide application in food industry, and 

previous studies with respect to the use of ultrasound for treating different fruit juices have been 

carried out. It has been observed in a study by Tiwari, O’Donnell, Patras, et al. (2008) that the 

anthocyanin content of the juice was found to degrade when higher amplitude levels were 

employed, however the maximum observed degradation was <5%. The observed degradation of 

anthocyanins is mainly due to cavitation, which involves the formation, growth, and collapse of 

microscopic bubbles.  The cavitation process generates high local temperatures, pressure and 

promotes mechanical actions between soild and liquid interfaces (Suslick, Hammerton, & Cline, 

1986). Cavities formed by sonication may be filled with water vapor and gases dissolved in the 

juice, such as O2 and N2 (Korn, Primo, & DeSousa, 2002). Another possible explanation for the 

degradation of anthocyanin can be given by the presence of organic acid and can be related to the 

oxidation reactions promoted by the interaction of free radicals formed during sonication. 

(Portenla¨nger & Heusinger, 1992). Wine is a complex medium where in several interaction can 

take place, and it is important to bear in mind the combined effects of different interaction and its 

repercussion on the organoleptic and visual facets of the wine. 

3.3 Effects of aging over lees on color intensity and hue 

Some authors have already reported the stabilizing effects of polysaccharides on the coloring 

matter of wine (Feuillat et al,.2001; Fuster & Escot 2002; Saucier et al., 2002). Figure 18 and 

19 show data for color intensity (CI) and hue (Tonality) measured throughout the experimental 

period. Aging of red wines is associated with either a degradation of the pigments present or 

their development into other compounds, which in both cases can lead to lower color indices and 

more orange hues (Palomero et al., 2009). An increasing trend in the color intensity was 

observed for all the strains. Some fluctuation and decreases were observed in the fourth week of 

the treatment, but considering the overall effect, the final color intensity of all samples was 

higher in the last week of the treatment compared to the first week. It has been previously 

observed that oxygen in small quantities favors polymerization reactions among anthocyanin and 

tannins (Atanasova et al. 2002). This reaction result in the global decrease of anthocyanins but 

the polymerized compound formed are more intensely colored and more stable over time than 

the initial compounds 
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Fig. 18 Evolution of Color Intensity in over-lees aging by all the strains studied. Mean values, standard deviations (n 

= 3) and least significant differences (LSD) are provided 

 

.Also as previously mentioned Cavities formed by sonication may be filled with water vapor and 

gases dissolved in the juice, such as O2 and N2 (Korn, Primo, & DeSousa, 2002). Although this 

explanation is just a hypothesis, which indicates that further studies with regards to use of 

ultrasounds and its effects on the chemical composition of wine is necessary. As for the hue, all 

the samples showed a progressive increase in the hue throughout the period of aging over lees. 

(Figure 19) The increase was higher for Brettanomyces and Saccharomycodes ludwigii strains. 

 
Fig. 19 Evolution of Hue/Tonality  in over-lees aging by all the strains studied. Mean values, standard 

deviations (n = 3) and least significant differences (LSD) are provided 
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3.4 Evolution of total polyphenol index during aging over lees 

Phenolic compounds are key components of wine directly related to its quality parameters 

(Hernández et al., 2006). These compounds contribute the organoleptic properties of the wine 

and also are responsible for the oxidative browning in white wines (Singleton, 1988). 

Nevertheless, phenolic compounds also act as antioxidants, with mechanisms involving both 

free-radical scavenging and metal chelation (Frankel, Waterhouse, & Kinsella, 1993). The 

phenolic composition of wines is affected by the winemaking procedure (Singleton & Trousdale, 

1983) and the grape variety (De la Presa-Owens, Lamuela-Raventós, Buxaderas, & Torre- 

Boronat, 1995; Nagel & Wulf, 1979).  The presence of lees decreases the proanthocyanidin 

concentrations, their mDP (mean degree of polymerisation) and the astringency of the wines and 

increases the mouth feel sensation .This fact may be explained by reaction of proanthocyanidins 

with compounds released by yeast autolysis such as proteins and mannoproteins. Figure 20 

shows the evolution of the total polyphenols index over the experimental aging over lees. A 

small increase in the total polyphenols index (TPI) was observed, which was followed by a 

progressive decrease in the TPI for all the yeast strains. The decrease was higher in 

Brettanomyces and Saccharomycodes ludwigii compared to the other strains. The increase in the 

TPI in the second week of ageing over lees could be associated to the findings of Hernandez et 

al. (2006) where in an increase of the phenolic acids such as hydroxycinnamic acids, trans-

caffeic acids and tans-p-coumaric acids was observed. This increase during the ageing of wines 

on lees could be due to the enzymatic activities of yeast and lactic bacteria from the lees.  Lees 

play an important role in wine aging mainly due to their capacity to adsorb the phenolic 

compounds (Mazauric & Salmon,2005; Mazauric & Salmon, 2006) and release to wine both 

phenolic compounds (Cheynier, Rigaud, Souquet, Duprat, & Moutounet, 1990; Schneider, 1995; 

Somers, Vérette, & Pocock, 1987) and enzymes (after autolysis) that can modify the phenolic 

fraction (Cunier, 1997; Ibern-Gómez et al., 2000). The initial value of TPI of the control wine 

without aging over lees was 79.31 which dropped by almost 50% by the end of experimental 

aging over lees. These results were in accordance with the sensory analysis where in the tasters’ 

perceived low astringency in wines with aging over lees. Although wine polyphenols interact 

with yeast lees to a limited extent, such interactions have a large effect on the reactivity toward 

oxygen of wine polyphenolic compounds and yeast lees (Mazauric &Salmon 2005). 
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Fig. 20 .Evolution of Total polyphenol index in over-lees aging by all the strains studied. Mean values, 

standard deviations (n = 3) and least significant differences (LSD) are provided 

 

 

3.5 Changes in the Volatile compounds of the wine during ageing over lees  

Molecules released into the wine by the lees during cell autolysis can interact and change the 

volatility and the perception of aromatic compounds, mainly affecting the fruit character 

(Chalier et al., 2007). This fact could be explained by the release of esterases. It is known that 

this effect depends on lees concentration. At low concentrations, volatility of some esters 

increases, for example those that provide fruity and floral nuance to the wine. Whereas, high lees 

concentrations increase the fatty acids content, which provide yeast, cheese and herbaceous 

aromas to the wine. (Bautista, Fernández, & Falqué, 2007; Comuzzo, Tat, Tonizzo, & 

Battistutta, 2006)  The mannoproteins and polysaccharides released by the lees can interact with 

a number of aromatic compounds (Jiménez & Ancín, 2007). These interactions mainly depends 

on the nature and concentration of the aromatic compounds and also on the physiochemical 

properties of the medium (pH, temperature, ionic strength), which are responsible for changes in 

the conformation of the tertiary structures of proteins. Moreover, during the cell lysis a fatty 

fraction is released into the wine, which enriches the aromatic nuance due to synthesis reactions 

of esters and aldehydes (Puey et al.2000).The yeast strains used to produce the lees play an 

important role on the volatile composition of wines. The contact of wine with the lees confers to 

the wine modifications in physico-chemical composition and variations in the volatile and 

organoleptic profile. Table 4 shows the changes in concentration of the different aromatic 

compounds studied. Except for compounds like acetaldehyde, ethyl lactate, 2-Methyl-1-butanol 

and isoamyl acetate, none other fermentative volatiles studied presented statistically significant 

changes. No significant differences were seen between the yeasts used. Since the yeasts added 

were lyophilised and added to a nutrient-free medium, no aromatic compounds such as diacetyl 

or acetoin were produced.  
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Table 4. Changes in the major Volatile compound during aging over lees 

 

 

 
Values are means ± standard deviations (n=3), expressed as mg/l, over time with each yeast. Means in the same 

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

No. of Weeks YEAST Acetaldehyde 1-propanol Diacetyl Isobutanol 1-butanol 2-Methyl-1-butanol

7VA 5.2 ± 1.1a 28.6 ± 1.5ab 8.6 ± 0.1a 31.3 ± 1.7bc 10.2 ± 0.5d 148.4 ± 1.2bc

G37 5.7 ± 0.5a 28.2 ± 3.8b 8.0 ± 1.3a 31.6 ± 2.3c 10.1 ± 2.6d 155.6 ± 13.0c

1 MN212 8.0 ± 2.5cd 25.4 ± 4.0ab 7.4 ± 0.2a 30.2 ± 2.1bc 7.0 ± 1.0b 143.4 ± 2.8b

938 10.7 ± 0.3d 26.5 ± 1.3a 14.4 ± 0.6b 29.3 ± 0.7b 7.2 ± 0.3b 143.2 ± 5.6b

981 8.4 ± 1.3bc 35.7 ± 1.1c 8.6 ± 0.7a 28.1 ± 5.0a 7.8 ± 3.0a 126.7 ± 2.5a

D37 7.2 ± 1.0ab 30.1 ± 4.2ab 8.4 ± 2.2a 31.0 ± 3.2bc 9.7 ± 2.6c 145.7 ± 1.5bc

7VA 7.8 ± 0.9a 28.3 ± 0.6a 8.5 ± 0.1a 31.3 ± 0.7ab 9.8 ± 0.7ab 146.0 ± 3.8a

G37 8.1 ± 0.2ab 27.6 ± 2.6a 9.8 ± 0.3b 30.8 ± 2.5ab 8.9 ± 1.1a 155.2 ± 5.4bc

2 MN212 9.5 ± 0.4bcd 28.5 ± 0.3a 9.9 ± 0.6b 31.9 ± 1.2ab 10.1 ± 0.7ab 151.8 ± 1.3ab

938 10.8 ± 0.2d 27.5 ± 1.6a 8.5 ± 0.5a 30.1 ± 0.9a 9.7 ± 0.5ab 147.8 ± 6.9a

981 10.5 ± 1.7cd 29.6 ± 0.1a 9.6 ± 0.1b 32.3 ± 0.4b 10.3 ± 0.3ab 158.4 ± 1.7bc

D37 9.2 ± 0.2bc 29.7 ± 0.5a 8.9 ± 0.2a 32.5 ± 0.2b 10.5 ± 1.2b 159.6 ± 1.5c

7VA 9.2 ± 0.6a 29.0 ± 0.6a 9.0 ± 0.4ab 30.4 ± 1.8a 9.3 ± 1.6a 152.4 ± 2.1a

G37 10.9 ± 0.9b 28.3 ± 1.4a 8.9 ± 0.4ab 31.3 ± 1.7a 8.9 ± 0.8a 153.3 ± 7.9a

3 MN212 11.1 ± 1.0b 30.6 ± 1.8a 9.3 ± 1.1ab 34.3 ± 1.9b 11.3 ± 1.9a 161.4 ± 14.1a

938 12.3 ± 0.4c 28.6 ± 1.7a 9.6 ± 0.5b 31.5 ± 1.9a 10.9 ± 0.5a 159.4 ± 3.4a

981 12.9 ± 0.2c 31.3 ± 5.2a 8.4 ± 0.4a 32.0 ± 1.1ab 11.2 ± 2.1a 154.3 ± 1.6a

D37 12.7 ± 0.2c 28.2 ± 1.0a 8.5 ± 0.2a 31.3 ± 0.9a 11.2 ± 0.7a 154.4 ± 4.1a

7VA 15.3 ± 1.1ab 29.1 ± 1.2a 8.5 ± 0.3a 32.4 ± 1.7ab 9.9 ± 0.6a 160.6 ± 7.4ab

G37 14.8 ± 0.9a 29.7 ± 0.7ab 8.9 ± 0.2ab 33.4 ± 0.8ab 10.0 ± 0.8a 164.8 ± 4.5ab

4 MN212 15.8 ± 0.5abc 29.8 ± 0.2ab 9.2 ± 0.4ab 33.1 ± 0.4ab 10.6 ± 1.0ab 164.0 ± 1.1ab

938 16.2 ± 0.8bcd 31.1 ± 1.5b 9.6 ± 0.4b 34.7 ± 2.4b 11.6 ± 0.7b 171.1 ± 11.2b

981 17.3 ± 0.1d 28.5 ± 1.1a 8.9 ± 0.8a 31.7 ± 1.1a 10.7 ± 0.5ab 155.1 ± 4.2a

D37 16.8 ± 0.4cd 29.5 ± 0.3ab 8.8 ± 0.1ab 32.7 ± 0.5ab 9.5 ± 0.4a 160.3 ± 2.9ab

No. of Weeks YEAST
3-Methyl-1-

butanol
Ethyl Lactate 2-3 Butanodiol Isoamyl acetate 2-Phenylethanol 2-Phenylethyl acetate

7VA 45.0 ± 0.7ab 64.3 ± 1.7d 1,171.5 ± 45.6a 2.9 ± 0.9b 56.5 ± 0.9c 6.2 ± 0.1a

G37 46.1 ± 0.1b 66.8 ± 0.2e 1,038.0 ± 309.7a 2.2 ± 0.1a 57.7 ± 0.8c 6.3 ± 0.4a

1 MN212 56.3 ± 0.5d 47.5 ± 0.9a 823.5 ± 115.2a 2.7 ± 0.0ab 46.0 ± 1.2a 8.1 ± 1.9b

938 42.6 ± 2.9a 61.2 ± 0.4c 961.5 ± 114.8a 2.3 ± 0.3ab 51.9 ± 1.4b 6.1 ± 0.2a

981 50.2 ± 2.6c 59.0 ± 1.6bc 925.1 ± 302.8a 2.5 ± 0.3ab 51.0 ± 1.0ab 7.6 ± 0.4ab

D37 50.3 ± 2.3c 57.4 ± 2.3b 1,145.9 ± 270.7a 2.6 ± 0.2ab 47.8 ± 0.9a 6.8 ± 1.1ab

7VA 45.9 ± 1.2bc 65.5 ± 0.7a 1,178.5 ± 5.3b 8.7 ± 1.0c 56.8 ± 1.5b 10.5 ± 0.3d

G37 48.2 ± 1.0d 68.3 ± 2.0abc 1,004.5 ± 58.2a 2.7 ± 1.1a 55.0 ± 1.4ab 7.5 ± 0.6c

2 MN212 44.1 ± 0.9ab 69.1 ± 3.2bc 1,075.8 ± 90.9ab 5.5 ± 3.3b 52.5 ± 2.2ab 6.1 ± 0.9ab

938 43.7 ± 2.0a 66.3 ± 1.2ab 1,003.0 ± 58.6a 18.8 ± 0.3d 49.6 ± 4.2a 6.8 ± 1.2bc

981 45.8 ± 0.5bc 69.3 ± 0.7bc 1,056.4 ± 5.5ab 2.0 ± 0.0a 54.0 ± 2.8ab 5.5 ± 0.5a

D37 46.7 ± 1.2cd 70.2 ± 1.7c 1,153.0 ± 121.6b 2.4 ± 0.4a 57.1 ± 5.2b 7.8 ± 0.5c

7VA 47.3 ± 3.1a 67.2 ± 1.5a 950.9 ± 182.5a 3.1 ± 0.9ab 51.3 ± 1.5b 7.4 ± 0.7ab

G37 49.6 ± 2.4ab 72.8 ± 3.2b 1,090.8 ± 97.0a 2.7 ± 0.4b 46.5 ± 1.2a 7.7 ± 0.5b

3 MN212 47.1 ± 2.5a 69.3 ± 1.1ab 1,152.9 ± 139.3a 4.0 ± 0.3ab 50.5 ± 1.7b 7.3 ± 0.4ab

938 51.1 ± 0.6b 69.2 ± 3.2ab 1,091.0 ± 95.6a 2.7 ± 0.3a 49.5 ± 2.2b 6.4 ± 1.1a

981 47.8 ± 0.5ab 69.9 ± 0.3ab 1,162.9 ± 179.6a 3.5 ± 1.2ab 45.4 ± 0.9a 7.1 ± 0.4ab

D37 49.1 ± 1.2ab 71.1 ± 2.5ab 1,086.0 ± 38.1a 2.9 ± 0.6ab 46.2 ± 0.2a 6.9 ± 0.1ab

7VA 46.6 ± 2.7a 71.3 ± 1.3ab 1,018.1 ± 44.7a 2.9 ± 0.5a 47.3 ± 4.8a 7.4 ± 0.7ab

G37 49.4 ± 1.6ab 74.9 ± 1.2bc 1,051.8 ± 5.5ab 2.7 ± 0.4a 46.5 ± 1.2a 7.7 ± 0.5b

4 MN212 50.6 ± 0.6ab 72.8 ± 3.2ab 1,083.0 ± 39.5ab 2.3 ± 0.4a 46.2 ± 2.4a 7.3 ± 0.4ab

938 53.2 ± 3.1b 79.2 ± 4.3c 1,196.7 ± 100.3c 3.5 ± 1.4a 48.9 ± 3.4a 6.4 ± 1.1a

981 49.9 ± 0.6ab 70.4 ± 1.9a 1,063.9 ± 57.6ab 2.8 ± 0.0a 50.8 ± 8.4a 7.1 ± 0.4ab

D37 50.2 ± 3.3ab 75.4 ± 1.0bc 1,152.5 ± 58.5bc 2.6 ± 0.8a 46.2 ± 0.2a 6.9 ± 0.1ab
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The figure 21 shows the evolution of acetaldehyde throughout the period of aging over lees. 

Analysis of the overall trend revealed an increase in the acetaldehyde concentration for all the 

yeast strains. Acetaldehyde is the major wine aldehyde. It often constitutes more than 90% of its 

aldehyde content. The detection threshold of acetaldehyde is about 1.5ppm in water but in wine 

it may be between100-150ppm (Philip Jackisch1985) .Above threshold values, it usually is 

considered an off-odor. Combined with other oxidized compounds, it contributes to the fragrance 

of sherries and other oxidized wines (Jackson 2000). Acetaldehyde is one of the early metabolic 

by-products of fermentation however a relatively minor, but sensorially important, source of 

acetaldehyde involves the coupling of the autooxidation of o-diphenols and ethanol. Varying 

quantities of oxygen are dissolved in wine during aging depending on the different operational 

practices. Longer the wine is in contact with the air, the more oxygen is dissolved. When wine is 

no longer in contact with air, this dissolved oxygen reacts with the wine compounds; this 

reaction is faster at higher temperature (Ribéreau-Gayon 2000).   

 

 
Fig. 21 .Evolution of Acetaldehyde in over-lees aging by all the strains studied. Mean values, standard 

deviations (n = 3) and least significant differences (LSD) are provided 

 

The daily ultrasound treatment given to the wine increased the temperature of the wine between 

28-30degrees, which could have supported the formation of acetaldehyde in all the samples.  

With regards to red wines, the importance of acetaldehyde is associated to the stabilization of the 

red color by the formation of stable color pigments. Vitisins are stable color pigments formed by 

the condensation of anthocyanin and metabolites released during fermentation.  A strong 

correlation has been observed between the quantities of pyruvic acid and acetaldehyde released 

into the medium and formation of vitisin A and B (Morata et al.,2003).   
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Changes in the concentration of ethyl lactate are showed in the figure 22. An increase in 

concentration was observed in all yeast strains for ethyl lactate. Normally the formation of ethyl 

lactate is linked to malolactic fermentation and the involvement of an esterase of bacterial origin. 

(Ribéreau-Gayon 2000).  In case of aging over lees this increase could be explained by the 

release of esterases during autolysis. It is known that this effect depends on the lees 

concentration. In previous studies it has been observed that Esters were the major family of 

volatile compounds released during autolysis both qualitatively and quantitatively. Ethyl esters 

(with fruity odours) increased all along the autolysis. Chung (1986)  It was also noted that Light 

lees produce esters that improve the quality of the wines but also higher alcohols and volatile 

fatty acids detrimental to wine quality (Feuillat et al., 1989). According to Arctander (1969), 

ethyl lactate has an odor reminiscent of butter, or even sour milk. The highest increase was 

observed in Schizosacchromyces pombe, where in the final concentration of ethyl lactate reached 

upto 80mg/l . for all other yeast strains , the final concentration ranged between 70-75mg/l.  

  

 
Fig. 22 .Evolution of Ethyl Lactate  in over-lees aging by all the strains studied. Mean values, standard 

deviations (n = 3) and least significant differences (LSD) are provided 

 

A surprising increase in isoamyl acetate was observed in the second week, for 7VA, MN212 and 

938 strains. This sudden increase dropped back in the fourth week of the treatment, after which 

stable concentrations of this compound were observed for all the strains. isoamyl acetate, have a 

banana odor that may play a positive role in the aroma of some young red wines (primeur or 

nouveau) ( Ribéreau-Gayon 2000). The increase in this compound can be accounted for 

analytical error where in the peak of this compound in gas chromatography may be mixed with 

some other compound, resulting in the higher concentration.  

With regards to the total higher alcohols no particular trend was observed except for the strains, 

938, MN212, 981 and D37 showing a slight increase in the total concentration. At the end of the 
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treatment 938 showed the highest concentration of higher alcohols (>350mg/l) Alcohols with 

more than two carbon atoms are known as higher alcohols. Several of these are produced during 

fermentation and reach concentrations on the order of 150–550 mg/l in wine (Ribéreau-Gayon et 

al., 1982; Jackson, 1994). These alcohols and their esters have intense odors that play a role in 

wine aromas. At low concentrations (less than 300 mg/l), they contribute to a wine’s aromatic 

complexity. At higher levels when the concentration exceed 400mg/lit , they are regarded 

negative markers of quality( Rapp1986) since their penetrating odors mask the wine’s aromatic 

finesse ( Ribéreau-Gayon 2000).  

Considering the overall effect of aging over lees accompanied with ultrasound treatment, show 

the possible impact of this treatment on the volatile composition of the wine, however no clear 

impact can be detected. Previous studies have indicated that the high power ultrasonics (HPU) 

can modify the wine flavor and aroma profile; this could be relative to the active free radicals 

which are generated in the cavitation process (retrieved from Luo et al.,2012) . It may be that the 

wine aroma and flavor could recover after HPU treatment, as observed after the transient effects 

of ‘‘bottle shock’ ( Wildenradt & Singleton 1974) but this is yet to be examined through an 

extended study. Further, chemical and sensory analysis is the subject of future experimentation 

 

3.6 Sensory Analysis  

Figure 23, represents a spider web diagram showing the sensory evaluation by the panel of 8 

tasters. The global quality with regards to the aroma and organoleptic properties was in general 

higher in wines aged on lees for all the strains compared to the control without aging over lees. 

Significant differences with regards to the astringency were observed in all the samples. All the 

wines with aging over lees showed lower perception of astringency; most likely due to the 

interactions between the macromolecules released during the cell lysis and polyphenols of the 

wine (Feuillat et al.,2001; Rodrigues et al., 2012). Tannins have high reactivity with the salivary 

proteins and produce the astringency sensation. However in the presence of mannoproteins or 

polysaccharides tannins interact with them to form stable macrostructures which are unable to 

react with salivary proteins, thus reducing the astringency sensation (Rodrigues et al., 2012; 

Saucier et al., 2002). Other authors have reported mannoproteins as active compounds 

promoting the stability of wines by decreasing the particle size of aggregated tannins (Escot et 

al., 2001). Therefore, this technique can be used to smooth these parameters during red wine 

ageing. Along with the reduced astringency, aging on lees improved for all strains the overall 

body and persistence of the wine.  It has already been reported that cell autolysis releases yeast 

metabolites and polysaccharides into the wine, producing changes that improve its quality and 

organoleptic properties (Peres-serradilla &castro de Luque, 2008). However with regards to 

color, all the wines with aging over lees showed lower color intensity with respect to the control 

wine. This finding disagrees with the previous results indicate the protective effect of 

mannoproteins and cell wall polysaccharides on the anthocyanin monomer, thus making aging 

over lees as a new technique to preserve color(Escot, Feuillat Dulau, & Charpentier, 2001; 

Vivas & Saint Cricq de Gaulejac, 2000) . 
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Figure 23 Spider web diagram showing the sensorial evaluation by a trained panel of tasters. Means in the 

same axis with the same letter are not significantly different (p<0.05)  
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4. Conclusions 

In general, ageing over lees is more likely applied to white wine and sparkling wine for the lees 

flavor and structure beneficiaries. One reason could account for this is that the substance 

complexity of red wine. Compounds like anthocyanins, polyphenols are very like to be absorbed 

by lees cell wall during the ageing over lees period. Apart from these disadvantages, ageing over 

lees is long being regarded as a useful method to achieve stability and more complexity, 

contributing to the quality of wines. The yeast genera studied in this work showed positive 

polysaccharide release kinetics, and are of potential interest in the new over-lees aging method of 

Suárez-Lepe and Morata (2006). Furthermore the use of ultrasounds along with the non 

Saccharomyces strains can positively increase the polysaccharide release and achieve the effects 

of aging over lees in around 4-5 weeks as compared to the conventional aging over lees which 

can last for several months. Thus the coupled novel technique of using ultrasound with non 

Saccharomyces strains attains our objective and reduces the time required for aging over lees.  

This results in obtaining wines with not only complex characters but also has beneficial effects 

on their physico-chemical (tartaric and protein stability), sensorial and palatability properties. It 

would also improve the density of these wines in the mouth.  

 

New techniques like ultrasound has been widely applied into food processing industry due to its 

unique energy form. And it is promising to explore the possibility of being a reliable tool for 

assisting yeast autolysis. The results showed that the ultrasonic treatment was very powerful tool 

to increase the release of polysaccharides from lees. All the yeast strains showed increase in the 

concentration of polysaccharides when subjected to ultrasound. And the effect could be 

enhanced by addition of abrasive assisted substances which in this experiment was sand. It 

would be worth considering the use of new genera of yeast such as Schizosaccharomyces pombe, 

Saccharomyces ludwigii and Brettanomyces for their application in aging over lees, due to their 

higher release of polysaccharides.  On whole the study showed positive results for the use of 

ultrasounds and new genera of yeast for aging over lees, nevertheless the overall depletion in the 

anthocyanin content changes in the volatile compounds and the slight oxidative notes perceived 

by the taster cannot be neglected. Wine is a complex medium where in different molecules 

exhibit complex nature and equilibrium patterns and the impact of ultrasounds on the chemical 

composition of the wine is not clearly known. Thus further research in this field is needed to be 

able to implicate these techniques on large scale. The results obtained in this study indicates the 

possibility to use the technique on yeast biomass in a model medium to accelerate autolysis and 

then later addition of the autolysates to the wine, to avoid the impacts of ultrasound on the 

organoleptic properties of wine. However this needs to be studied and further research in this 

field will be promising to develop techniques which could have positive repercussion on large 

scale use in the winery  
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