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Origin and activity of lysozyme

The enzyme lysozyme is a natural product found in
many animal secretions such as egg whites or human
tears. It has been used for years as a biopreservative in
the processing and storage of hard cheese (ProcTOR
and CUNNINGHAM, 1988). For enological means lyso-
zyme is extracted, purified and freeze-dried. The en-
zyme activity (muramidase) degrades the cell wall of
gram positive bacteria, such as lactic bacteria, but not
acetic bacteria which are protected by an external mem-
brane (PiLATTE et al., 2000). The action of lysozyme is
immediate, and after a few hours, the lysozyme is inac-
tive in white wines or eliminated by flocculation with
tannins in red wines (GREEN and DAESCHEL, 1994).

The advantage of lysozyme is that its activity gets
stronger when the pH-value increases, e.g. in the condi-
tions where lactic bacteria are more likely to spoil must
or wine. This is in contrast to SO,, so that there is a
good synergy between these two products. It is impor-
tant to notice that lysozyme has no effect on yeasts
like Brettanomyces and does not prevent oxidation, so
it cannot replace the application of SO, completely.
Lysozyme has been tested in wines since the early nine-
ties in Italy (AMATI et al., 1992; AmaTI et al., 1996) and
France (GERBAUX et al., 1997) under OIV and EU au-
thorization. Different applications have been tested
successfully (GerBAUX et al., 1999; GERLAND et al,
1999); each is very specific and therefore requires tech-
nical knowledge and expertise to be efficient.

The use of lysozyme in must and wines is allowed by
EU legislation since the end of October 2001 with a
maximum level of 500 mg/l.

In the following the main applications in enology will
be explained.

Postponing of malolactic fermentation (MLF)

There are cases in red wine vinification where the mal-
olactic fermentation (MLF) occurs early; then problems
associated with malolactic fermentation (e.g. high vola-
tile acidity, off-flavour) may occur, and the maceration
will have to be stopped, even if it is too early for the in-
tended quality of wine.

This problem is common in the case of carbonic mace-

ration. Addition of 10 g lysozyme per hectolitre of

must (calculated on the final liquid volume) just after
tank filling causes a retardation of MLF and solves the

above mentioned problems (figure 1).

With destemmed (not crushed) berries (semi-carbonic

maceration), two different settings can be distinguished:

- hot climate with high lactic bacteria populations (105
to 106 lactic bacteria per milliliter): the lysozyme has
to be used at the same time as the SO, addition (e.g.
south of France, Languedoc-Roussillon)

- moderate climate with normal lactic bacteria populati-
ons (103 to 104 lactic bacteria per milliliter): if the
grapes are not contaminated by Botrytis, lysozyme
can replace the SO, addition to must with the same
good delay of MLF.

In traditional vinification with destemming and crus-
hing the best results are obtained by addition of 20 g ly-
sozyme per hectolitre during alcoholic fermentation
(AF) at a relative density near 1.020.
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Figure 1: Comparison of the MLF retardation of SO,
and lysozyme with carbonic maceration (GERr-
BAUX et al., 1997)

Inhibition of malolactic fermentation (MLF)
in white or rosé wines

Lysozyme was originally tested as a substitute for SO,;
in this case it showed good results with respect to mi-
crobiology: compared to SO, the inhibition of MLF

was as or even more efficient with lysozyme (figure 2).
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Figure 2: Comparison of the MLF inhibiting effects of

lysozyme and SO, with wine from *Gewtirz-
traminer’ grapes (GERBAUX et al., 1997).
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Because of problems with oxidation lysozyme is now
used in combination with SO,, which, however, can be
applied at lower rates than when used alone.

For example, in the vinification of rosé wines in the
south of France, an addition to the must of 20 g lyso-
zyme per hectolitre showed very good results in 1999
and 2000: in the untreated control variant MLF started
before the end of the alcoholic fermentation, whereas
no MLF occured with the lysozyme-treated variant.
But it has to be mentioned that the inhibition of MLF is
the most delicate application of lysozyme and is not ef-
fective in all cases. Lysozyme can not prevent MLF un-
der all conditions, but is only a tool to decrease the bac-
teria level, and has to be used in combination with SO,
and good hygienic conditions.

Remedy against sluggish fermentation

One of the reasons for sluggish alcoholic fermentation
(AF) is the multiplication of lactic bacteria before the
end of the AF, often combined with an increase of vola-
tile acidity. In such cases the bacteria consume the su-
gars after the malic acid and the quality of the resulting
wines is often poor. The common treatment is a sulphi-
tation (4 to 6 g/hl), this, however, is problematical since
SO, not only affects the bacteria but also the yeasts,
and the AF will not be completed without insemination
of a new yeast culture.

The application of lysozyme is advantageous, because
lysozyme specifically affects the bacteria and after the
fast death of bacteria due to the lysozyme treatment
the yeasts can finish the AF normally (figure 3).

The increase of volatile acidity is stopped (figure 4 and
figure 5). The dose of lysozyme used is 25 to 40 g/hl;
if the development of bacteria is detected in time (be-
fore reaching an amount of 106 bacteria per ml), the
treatment can postpone the MLF (enough to allow the
yeasts to finish the AF). If the MLF has started already,
it is better to wait until the end of MLF and to treat just
after the end of malic degradation (GERBAUX et al., 1999;
Pujor, 1999).

Microbiological stabilization during aging

The utilization of lysozyme instead of SO, for stabili-
zation after MLF is advantageous because it permits a
longer time for tannin and anthocyanin complexation.
This reaction is inhibited by SO, but not by lysozyme,
while the effect on the elimination of lactic bacteria is
quite similar (figure 6).
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Figure 3: Effect of lysozyme and SO, on sluggish fer-
mentations in wines from the Cote-du-Rhéne
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Figure 4: Effect of lysozyme and SO, on the formation
of volatile acidity in sluggish fermentations at
laboratory scale (wines from Cote-du-Rhone)

The wines with lysozyme addition have a higher colour
intensity (figure 7) and preserve a more fruity aromatic
profile. This is very important with some grape varie-
ties, like "Pinot Noir’, in cool regions, where it is diffi-
cult to obtain good and stable red colour.
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Figure 5: Effect of lysozyme and SO, on the formation
of volatile acidity in sluggish fermentations at
winery scale (wines from Cote-du-Rhone)
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Figure 6: Lactic bacteria population after MLF in a *Pi-
not Noir’ wine from Burgundy (GERBAUX,
1997)

The results obtained by ITV France in an experimental
cellar (GERBAUX, 1997) are confirmed in big wineries
on the aspect of colour, but in 1999, it was difficult to
diminish the lactic bacteria population, both with SO,
or lysozyme.
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Figure 7: Colour changes after MLF in a ’Pinot Noir’
wine from Burgundy (GErBAUX, 1997)

It is important to notice that lysozyme has no effect on
acetic bacteria nor on yeasts, so in this application, wi-
nes must be surveyed regarding their content with
those two types of microorganisms. Lysozyme treat-
ment has to be used in combination with SO, if a con-
tamination is suspected especially with Brettanomyces.

Specific applications for sparkling wine pro-
duction

To avoid MLF lysozyme can be used at three stages of
the process of sparkling wine production.

1. In must or wine during fermentation: After four
years of trials a process was adapted in Champagne
which provided good inhibition of the MLF with a
reduced application amount of 3 to 4 g/hl (30 to 40
mg/l) SO, (CHABOCHE, 1999). But the usually very
low pH-values (2.9 to 3.1) in sparkling wine delimit
the conditions for lysozyme. Thus, the mortality ef-
fect on the bacteria is only from 1 to 2 log, instead
of 3 to 6 at higher pH-values. From figure 8 you can
see that a weak dose of lysozyme (5 g/hl) is not
enough to block the multiplication of bacteria, while
the complementary dose of lysozyme permits to
block it. The efficiency also depends on the bacteria
population level, so the effect of lysozyme was lower
in 1999, when the bacteria population was much hig-
her than in normal years (105 to 106). Furthermore
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it was observed that dividing of the entire dose into
smaller frequent additions was more effective against
the bacteria multplication, because the lysozyme
works quickly, but at low pH-values it gets inactiva-
ted very soon.

Decreasing temperature after fermentation is an im-
portant factor to prevent MLF, e.g. in wines transfer-
red from cellar to laboratory (about 20 °C) MLF star-
ted immediately.
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Figure 8: Comparison of the effects of traditional and
new process (= lysozyme + lower dosis of

SO,) in Champagne

2. At tirage (bottling for second fermentation): MAR-
CHAL et al. (2000) showed that the addition of 10 g/
hl (100 mg/l) lysozyme to a Luxembourg Cremant
wine at bottling stage had a good influence on the re-
duction of viable lactic bacteria (figure 9). Further-
more they found that lysozyme additions from 100
to 400 mg/l avoid MLF in the bottle (figure 10).
Similar effects were found with Cava wines, it was
also possible to reduce the dose to 50 g/hl because it
is better from health and technological aspects to
have lower residual lysozyme concentrations.

3. In the yeast culture (pied de cuve): The yeast inocu-
lum is certainly the most dangerous source of conta-
mination of the wine, because the media of multipli-
cation of the yeast contains sugar and nutritive ele-
ments. A frequent lysozyme addition of 500 mg/l
can prevent bacteria multiplication.

Of course, all the usual hygienic precautions have to
be followed to avoid MLE
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Figure 9: Effect of lysozyme on the number of malic
acid bacteria in a Cremant bottle during second
fermentation

Secondary effects

A few days after lysozyme treatment in red wines, lyso-
zyme gets inactivated because of their reaction with
tannins. With very light red wines small losses of colour
can appear. With normally coloured red wines there are
no secondary effects. But with white wines 50 to 80 %
of the added lysozyme remains present in the wine
(CHABOCHE, 1999; MARCHAL et al., 2000). This residual
lysozyme does not have any effect on organoleptic pro-
perties of the wine, nor on its alimentary safety because
lysozyme is a natural protein.

Possible enological effects of lysozyme:

1. Strong reaction with protein stability tests such as
heating test, bentotest or TCA reaction. According
to test results these wines should then be treated
with very high bentonite doses for stabilization. For-
tunately in practice, however, no haze formation is
observed in these wines under severe conditions, for
example when stored for one week at 40 °C, then
for one week at 4 °C and finally one week at 40 °C.
So it is recommended to make the bentonite fining
with respect to the protein test value of the same
wine without lysozyme.

2. Strong reaction after addition of metatartaric acid
with intensive haze formation, like in protein-rich
wines, but in this case it is not reversible. So this
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Figure 10: Effect of lysozyme on the viable lactic bacte-
ria in a Cremant bottle during second fermen-
tation

type of protective should not be used with lysozyme
treated white wines.

3. Protective effect on effervescent capacity of sparkling
wine. Lysozyme has no direct positive effect on effer-
vescence, but reduces the negative effect of bentonite
treatment (MARCHAL et al., 2002). It seems that lyso-
zyme present in wine is very reactive with bentonite,
more than the natural proteins of wine, which are
known to have a positive effect on foam properties
of wine. This should be due to the very high iso-elec-
tric point of lysozyme. At common pH-values of
wine, lysozyme has a very high surface electric
charge, that explains bentonite reactivity.

4. Probably there is a protective effect of lysozyme in
white wine against tartaric precipitation. This effect
has to be studied in the future.

With rosé wines the effects of lysozyme treatment can

be described as being ,between reds and whites®, de-

pending on the tannin level of the wine.

To avoid all these possible difficulties a procedure can

be applied which removes the lysozyme residues by fi-

ning or reduce the levels by blending the treated wine
with a big quantity of another wine.

Conclusion

Many years of experiments have shown that lysozyme
is a good tool to control lactic bacteria multiplication
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and to manage the start of the MLE It can replace SO,
in some cases where SO, is not very efficient, but lyso-
zyme is generally used together with SO, resulting in
wines with lower final SO, levels.

As lysozyme is a protein that partially remains in the
treated white wine (only in whites, not in reds), there
are some secondary effects to know for correct applica-
tion.

References

AmaTr, A., ARFELLL G., SIMONIL, M., GANDINL A., GERBL, V., TOR-
TiA, C. and ZroN R. 1992: Inhibizione della fermenta-
zione malolattica mediante il lisozym : aspetti microbio-
logici e tecnologici. Biologia Oggi 6(1/2): 95-102

Awmati, A., CuiNnicr, B, Piva, A., ArRreLLL, G. and Rirong, C.
1996: Influence of enological operations on lysozyme ac-
tivity in winemaking. Wein-Wiss. 51: 59-92

CHABOCHE, D. (1999): Essais d” inhibition de la FML par ajout
de lysozyme. - Reims: Rapport de DNO, 1999

GERBAUX, V., MEISTERMANN, E., COTTEREAU, P., BARRIERE, C.,
CUINIER, C., BERGER, J.L. et ViLLa, A. 1999: Utilisation
de la lysozyme en cenologie. Bull. O.1.V. 72: 349-373

GERBAUX, V., VILLA, A., MoNnaMy, C. and BERTRAND, A. 1997:
Use of lysozyme to inhibit malolactic fermentation and

Gerland

to stabilize wine after malolactic fermentation. Amer. J.
Enol. Vitic. 48(1): 49-54

GERLAND, C., GERBAUX, V. et VILLA, A. 1999: Le lysozyme :
nouvel outil biotechnologique pour maitriser les bacté-
ries lactiques. Rev. Oenol. 26(93s): 44-46

GREeEN, J.L. and DagscHEL, M.A. 1994: The effects of wine
components on the activity of lysozyme in a model
wine system. Am. J. Enol. Vitic. 45: 355.

MarcHAL, R., CHABOCHE, D., DouILLARD, R. and JEANDET, P.
2002: Influence of lysozyme treatments on Champagne
base wine foaming properties. J. Agric. Food Chem.
50(6): 1420-1428

MarcHAL, R., CHABOCHE, D., MARCHAL-DELAHAUT, L., GER-
LAND, C., GANDON, J.P. and JEANDET, P. 2000: Detection

and quantification of lysozyme in Champagne wines. J.
Agric. Food Chem. 48(8): 3225-3231

PiLaTTE, E., NYGAARD, M., Cal GAO, Y., KRENTZ, S., POWER, J.
and LAGARDE, G. 2000: Etude de I effet du lysozyme sur
différentes souches d’ Oenococcus oeni. Applications
dans la gestion de la fermentation malolactique. Rew.
Franc. Oenol. (185): 26-29

PrOCTOR, V.A. and CUNNINGHAM, EE. 1988: The chemistr{l of
lysozyme and its use as a food preservative and a phar-
maceutical. Food. Sci. Nutr. 26(4): 359-395

Pujor, G. (1999): Contrdle de la flore bactérienne indigene par
utilisation de lysozyme. - Dijon: Rapport DNO, 1999

Manuscript received November 26th 2001

121



