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The term autolysis literally means 'self-destruction'. It represents self-degradation of
the cellular constituents of a cell by its own enzymes following the death of the cell. In
the process of autolysis, the medium (wine) is enriched by the compounds released as a
result of the degradation of intracellular constituents. These yeast constituents have an
important influence on the sensory properties and biological stability of wine.
Yeast autolysis is very important to the food industry. Yeast extract is used as an
additive in the production of meat paste, meat pie filling, soups, sauces, and snacks.
Yeast autolysate is a good source of nutrients such as proteins, vitamins, fiber, and
micronutrients. It is also used to enhance the color and flavor of food products. The
process (autolysis) is of great value to biochemical researchers, since it is used in the
extraction and purification of enzymes and coenzymes. In the wine industry, yeast
autolysis is important in the production of sparkling wines, sherry, and white wines
produced with prolonged yeast contact, such as the "sur lie" method.
The process of autolysis
The process of autolysis begins with the death of the cell. At first, disorganization of
membranous systems (cytoplasmic membrane and other organelles) of the cell occurs.
This permits the enzymes to come in contact with cellular constituents which are
degraded and rendered soluble. The proteolytic enzyme, protease, attacks proteins and
breaks them down into smaller constituent units, such as peptides and amino acids.
Likewise, enzyme nuclease degrades RNA and DNA yielding compounds such as
nucleosides, mononucleotides, and polynucleotides.
The enzymes glucanase and proteinase degrade the cell wall constituents such as
glucans and mannoproteins, which causes the cell wall to become porous. The autolysate
(the mixture of degraded cellular components) leaks through the cell wall into the
surrounding medium. The process of degradation of the cellular components continues to
occur in the surrounding medium.
Yeast autolysis is strongly influenced by temperature and pH. In wine, the process
occurs at low pHs (3 to 4), and at relatively low temperatures, e.g., 15 to 18°C, and also
in the presence of ethanol. These conditions are less than ideal for autolysis, and the
autolytic process is likely to occur at a much slower rate. By permitting the wine to be in
contact with the yeast for a longer period, a wine maker can secure the beneficial effects
of autolysis.

The two important aspects of yeast autolysis are (i) degradation and solubilization of
cellular components, and (ii) degradation of the cell wall. The concentrated form of
solubilized cell constituents resulting from autolysis is referred to as yeast extract. The
breakdown product of the whole cell, i.e., the cell wall and the cytoplasm, are referred to
as yeast autolysate.
The process of yeast autolysis can be divided into two parts:
1. Degradation of cellular constituents which is predominantly the breakdown of
proteinaceous substances also known as proteolysis.
2. Degradation of the cell wall, which is a rigid structure that is responsible for the
shape of the yeast cell.
Proteolysis
The yeast cell contains a wide array of protein degrading enzymes. These enzymes
are mostly located in a vacuole. Upon cell death, the cellular matrix becomes
disorganized and the enzymes come in contact with their substrate. The proteolytic
enzymes hydrolyze peptide bonds and yield protein breakdown products such as
peptides and amino acids.
It should be noted that an increase in amino acid content in the medium (wine) does
not necessarily mean the beginning of the autolytic processes. It has been observed that at
the end of alcoholic fermentation, when the sugars are used up, amino acids located
within the cells are passively released into the wine. This leads to an increase in amino
acid content, but does not involve enzymatic action.
With the beginning of the autolytic process, there is a significant increase in amino
acids and other nitrogenous compounds. The concentration of various nitrogenous
compounds released during autolysis was studied by Freyssinet (1988). In the
experiment, the autolysis was conducted at pH 3.0 and 40°C to expedite the process.
The results showed that about 42% of the total nitrogen was released within the first 24
hours of the experiment; the remaining 58% was released during the following 14 days.
The nitrogenous compounds released at the beginning consisted mostly of large protein
fractions. At a later state, the protein fragments were further degraded, and an increase
in amino acid concentration was noted.
Degradation of cell
The cell wall is a rigid outer layer of the cell. It envelops the protoplast and confers
specific shape to the cell. Many enzymatic activities are associated with the cell wall.
These enzymes participate in the degradation of extracellular constituents, and also in the
breakdown of cell wall components.
On a dry weight basis, the cell wall constitutes 15 to 20% of the cell's weight. It (the
cell wall) consists of 80 to 90% polysaccharides and a small amount of proteins and
lipids. The main polysaccharides include glucans and mannans, and a small amount of

chitin. The glucan polymer exists in both alkali insoluble, acid insoluble, and alkali
soluble forms. The insoluble glucan fraction helps the cell to retain its shape. In the cell
wall, the mannans are linked to protein. They are commonly described as mannoproteins
and are important structural components of the cell wall. The enzymes glucanase and
protease play a significant role in the degradation of cell wall constituents. As a result of
their action, the cell wall becomes porous and a mixture of glucan, mannan, protein, and
6-(1-3) linked oligosaccharides is released into the surrounding medium.
Importance of yeast autolysis
The phenomenon of autolysis is of great importance to the producers of sparkling
wine (methode champenoise) and white wine by "sur lie" method.
Sparkling wine - In the case of sparkling wine produced by methode champenoise,
the wine in the bottle (cuvee) is kept in contact with the yeast lees for a long period (1 to
3 years). following secondary fermentation in the bottle. During this prolonged yeast
contact, the yeast undergoes autolysis and consequently, the sparkling wine is enriched
by the components of the autolysate. It should be noted that many factors influence the
quality and quantity of yeast autolysate (released in the wine during the course of
autolysis). The important factors include the yeast strain, its conditions of growth and
population, storage temperature, ethanol content, wine pH, and the duration of yeast
contact.
The major constituents formed during autolysis include: nitrogenous compounds,
polysaccharides, nucleic acid components, fatty acids, various vitamins, and aroma
compounds. These and other components of autolysate play an important role in the
aroma and quality of sparkling wine.
Nitrogenous compounds
An increase in the concentration of protein degradation products such as amino acids
has usually been considered characteristic of yeast autolysis. It has been mentioned
earlier that an increase in amino acid content in wine can occur in the absence of the
autolytic process.
During the course of secondary fermentation in the bottle, the yeasts utilize the amino
acids present in the wine. Following the end of the secondary fermentation, when all the
sugar is used up, the yeasts release amino acids back into the wine. This movement of
amino acid from the intracellular pool to the surrounding medium occurs passively and
results in higher amino acid levels in the wine. This new amino acid level in the wine
stays relatively stable, usually for a 3 to 4 month period. Following this phase, the amino
acid concentration in the wine begins to increase. This increase is attributed to the
autolytic process, where cell proteins are degraded, solubilized, and released into the
wine. With the continuation of the autolytic process, the wine becomes richer in amino

acid content. Some of these amino acids undergo a transformation due to decarboxylation
and deamination reactions. The net amount of amino acid present at a given point
represents the difference between the amino acids formed during autolysis (plus passive
release) and the amount utilized in other reactions. In addition to amino acids, other
nitrogenous compounds obtained during autolysis include polypeptides, peptides, and
nucleic acid components.
Polysaccharides
The polysaccharides found in yeast autolysate originate from the breakdown of cell
wall components. It has been mentioned earlier that the main polysaccharides in the cell
wall are B1->3-glucans and mannoproteins, with some chitin. The degradation products
of these polysaccharides are glucose and man nose. Several studies have reported an
increase in these sugars and other polysaccharide fragments in sparkling wine following
secondary fermentation and subsequent aging of wine on lees in the bottle. Following
autolysis, changes in the concentrations of these constituents may occur due to other
chemical reactions such as hydrolysis by B-(1->3)-glucanase. It is important to note that
mannoproteins formed during autolysis contribute significantly to the quality of sparkling
wine, such as fineness and persistence of bubbles.
One reason for methode champenoise wine to be considered superior to the bulk
process sparkling wine is the fact that the former is enriched by yeast autolysate.
Fatty acids
In yeast cells, the lipids are mostly associated with plasma membrane and cell wall. A
small amount is also found in cytoplasm. During autolysis the lipids are degraded to fatty
acids. These fatty acids are saturated and consist of 8 to 16 carbon atoms. Once released,
these fatty acids can be involved in the formation of esters, aldehydes, and other volatile
compounds. Fatty acids and other fatty acid-derived volatile compounds can have a
significant impact on the flavor of sparkling wine.
Volatile compounds
Many aromatic compounds released during yeast autolysis have been reported to
influence the aroma profile of sparkling wines. These substances include heavy esters,
terpenes, higher alcohols, and other volatile substances. A list of some of the important
aroma contributing compounds is given in Table 1.

________________________________________________________________________
Table 1. Compounds contributing to the
aroma of sparkling wine.
________________________________________________________________________
1. Heavy esters
isoamylcaproate
octylacetate
phenylethylacetate phenylethylcaproate
ethyllinoleate
diethylsuccinate
2. Terpene compounds
linalool
a-terpenol
nerolidol
farnesol
3. Higher alcohols
isoamyl alcohol
phenylethyl alcohol
4. Other volatile compounds
methyl- 2-ethoxy-2-furane
dimethyl-4,5-tetrahydrofu rane-2-3-dione vitispirane
________________________________________________________________________
Maturing white wine on lees or “sur lie.”
In the "sur lie" wine production technique, the wine is matured in contact with yeast
lees following the alcoholic fermentation. This method has traditionally been used in
Burgundy for Chardonnay production. However, the method is now used by many
winemakers for white wine production in many parts of the world.
In the traditional approach, the must is fermented in the barrel. Following alcoholic
fermentation, malolactic fermentation is encouraged and the wine is kept on lees,
usually for a period of 6 to 12 months. In some cases, the wine is matured on lees for an
even longer duration. While on lees, the wine is stirred periodically to resuspend the
sediment. Wine kept on lees for a long period shows an increased concentration of
nitrogenous compounds (such as amino acids and peptides) as well as polysaccharide
breakdown products, such as mannoproteins. The enrichment of wine by these
compounds is considered to be due to yeast autolysis.
There are several reasons as to why a winemaker may choose the "sur lie" method of
wine production. The most important reason being the influence of yeast lees on the
organoleptic properties of wine. The wine is often described to have enhanced body,

creamier, richer, mouth feel, greater complexity and depth of flavor, and a better
integration of fruit-and-wood-derived components. The other reasons for choosing
prolonged yeast contact are:
1. To encourage malolactic fermentation. As mentioned earlier, during lees contact,
the wine becomes richer with yeast autolysate which serves as a source of nutrients
for bacterial growth.
2. Use of S02 can be minimized. Sulfur dioxide is often added to a wine to protect it
from oxidation. Yeasts are good scavengers of oxygen and yeast lees contribute to the
reductive atmosphere (when it is retained during maturation.) Because of this, the
need to add S02 is minimized.
3. To soften the effect of aggressive oak tannins. This point is discussed later.
There are two ways in which lees contact affects the quality of wines matured in oak
barrels:
1. During extended lees contact, yeast autolysis occurs and many constituents are
released into the wine. These substances affect the body (mouthfeel) and the
aroma of wine.
2. Yeast as well as products of autolysis interacts with oak-derived components
and this interaction leads to the changes in wine composition and its organoleptic
character.
The effect of lees contact (yeast autolysate) on wine has been mentioned earlier. The
influence of lees on oak extractives warrants some discussion.
Influence of yeast lees on the composition and quality of wine matured in oak
barrels.
Yeast lees ("sur lie" aging) exerts a great influence on the composition of wine. During
barrel fermentation and aging, many components are extracted from the oak. The
important constituents include: furan derivatives, oak lactones, volatile phenols, and
phenolic aldehydes (see Table 2). The yeast lees affects the concentration of many oak
constituents and thus influences the organoleptic character of the wine.
________________________________________________________________________
Table 2. Important oak-derived compounds.
__________________________________________________________________
Furans
furfural
5-methylfurfural
furfural alcohol
Methyloctalactones
cis methyloctalactone
trans methyloctalactone

Volatile phenols
guaiacol
4-methylguaiacol
4-ethylguaiacol
4-vi nylguaiacol
eugenol
phenol + o-cresol
4-vi nylphenol
Phenolic aldehydes
vanillin
syringaldehyde
__________________________________________________________________
Influence of lees contact on oak-derived aromatic compounds.
When the wine is stored in wooden barrels, the components of the wood are extracted
into the wine. The concentration of some of the compounds is altered when a wine is
matured in contact with lees for a long period. Observations indicate that contact with
yeast lees results in the reduction of the woody aroma in wine. Such a reduction in the
intensity of woody aroma can be explained on the basis of two possible reasons.
First is the fixation of certain volatile compounds, such as volatile phenols and
lactones, by the yeast cell wall. Another is the conversion of aroma compounds to less
aromatic forms by the yeast enzyme. For example, vanillin could be converted to vanillyl
alcohol.
Effect of lees contact on phenolic compounds
Prolonged maturation on lees with periodic stirring causes a reduction in the
concentration of polyphenols in wine. The wood tannins (polyphenols) are adsorbed onto
yeast cell walls and mannoproteins released during autolysis, and are removed with the
lees. In this manner yeast lees acts as a fining agent that lowers the tannin content of the
wine.
Effect of lees contact on varietal aroma
Many reports indicate that varietal or fruity aroma is enhanced when a wine is
matured on the lees. The reason for such an effect is not clear. However, the role of yeast
enzymes in the development of fruity compounds is suspected. In this context, the results
of an Australian study are worth considering. In an experiment, Chardonnay wine was
matured on the lees for five months, with and without periodic stirring. The judges were
asked to evaluate wine aroma using aroma descriptors such as fruity, woody, and yeasty.
The results of the sensory analysis showed that in the control treatment (no lees contact),

fruit and wood aromas were dominant. In wine with lees contact, but no stirring, the fruit
aroma was enhanced, the wood component was subdued, and the yeasty character was a
little more noticeable as compared to the control. In samples where the lees was stirred,
the yeast component increased and both fruit and wood aromas were reduced.
It seems that lees contact, in general, causes a reduction in the aggressive wood
characters. However, its effect on fruity aroma is less clear. In certain cases it may
enhance, while in others it may not. The important influence of lees contact should be
viewed in terms of flavor complexity and how well the various flavors (fruit, wood, and
yeast) are balanced and integrated.
The "sur lie" method can sometimes have a negative effect on wine quality. Higher
amounts of acetic acid and acetaldehyde can result. But more importantly, reduced sulfur
compounds, such as hydrogen sulfide and mercaptans with unpleasant odors can be
formed. It is important to exercise great care when wine is sitting on lees, and appropriate
action should be quickly taken if off odors from reduced sulfur compounds are noticed.
Stirring the lees can be helpful in removing the odors, but sometimes that is not enough.
In this regard, it should be mentioned that certain phenolic compounds from the barrel
can help in minimizing the problem of off sulfide odors. Gallic acid can be formed in the
wine from the hydrolysis of wood ellagitannins. Oxidation of gallic acid yields hydrogen
peroxide (a highly reactive oxydizing agent) which can oxidize the sulfide compounds,
and thus prevent or reduce the occurrence of off sulfide odors. It should be noted that the
new barrels would have greater amounts of hydrolyzable tannins than the old barrels;
consequently, the chance of these unpleasant sulfide odors would be greater in old
barrels.

