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Lysozyme:  What is it?

Lysozyme is an enzyme found in egg whites. It’s a natural product (found in many animal secretion such as human tears). It has  been used for years as a biopreservative in the processing and storage of hard cheese.

Lysozyme is extracted , purified, and freeze-dried. The enzyme activity (muramidase) degrades the cell wall of Gram positive bacteria , such as lactic bacteria but not  acetic bacteria which are protected by the external membrane.

The action of lysozyme is immediate, and after few hours, the lysozyme is inactive (white wines) or eliminated by flocculation with tanins (red wines).

The advantage of lysozyme is that its activity increases when the pH increases, which is the condition under which lactic bacteria are more likely to spoil must or wine. This is in contrast to SO2.  This makes a good synergy between the two products.

It is important to notice that lysozyme has no effect against yeasts (like Brettanomyces for example) and against oxydation.  In this it can not replace completly the utilization of SO2.

Applications in enology

Lysozyme has been tested in wines since 1990 in Italy and France (ITV France –teams of Vincent Gerbaux) (1), in many conditions under OIV and European government authorization. In Europe it will be authorized to be added to in must and wine in August 2000.

There are several applications (2) - (3); each is very specific and requieres technical knowledge and expertise to be efficient.

Application 1:  To delay the MLF
There are cases in red vinification where the malolactic fermentation (MLF) occurs early ; then, lactic spoilage problems may occur, and we have to  stop the maceration, even if it’s too early for the quality of  wine.

This problem is common in the case of carbonic maceration in whole grapes.

The use of lysozyme in must just after the tank filling, at the dose of 10 g/hl (0.1 g/L) (calculated on the end liquid volume), delays the  MLF and solve those kinds of problem (Figure 1).

With whole berries (semi-carbonic maceration), we can distinguish 2 cases :

· 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 SO2 addition (case of the south of France – in Languedoc-Roussillon, many trials gave good results)

· not very hot climate with normal lactic bacteria populations (103 to 104 lactic bacteria per milliliter) : if the grapes are not contaminated by Botrytis, lysozyme can replace the SO2 addition to must, with the same good delay of MLF.
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Figure 1 : Comparative effect of SO2 and lysozyme to delay MLF in Beaujolais vinification type – ITV France data.

In traditional vinification (with desteming and crushing, the volume of juice is higher and we obtain the best results by treatment at the end of AF, with addition of 20 g/hl (200 mg/L). 

Application 2:  To inhibit the MLF

The lysozyme was firstly tested as  a replacement for SO2 ; in this case, it
 gave good results on a microbiological point of view : the inhibition
 of MLF was as or more efficient with lysozyme compared ddto SO2 (figure 2). 
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Figure 2 : comparative effect of lysozyme and SO2 to inhibit MLF in Gewurztraminer grapes – ITV France data.

But some problems of oxydation appeared, and now, lysozyme is used in combination with SO2 (lower SO2 rates than when SO2 is used alone).

For example in Champagne, 3 years of  trials  allowed us to adapt a process, where we use 3 to 4 g/hl less  SO2, with a good inhibition of the MLF (4). But, we are under limiting conditions for the lysozyme because of the low pH (2.9 to 3.1) and the mortality effect on the bacteria is only 1 to 2 log, instead of  3 to 6 at higher pH (Figure 3). The efficacity depends also on the bacteria population, and we had more difficulties in 1999, where this bacteria population was much larger than normal (105 to 106).  We also observed that spredding the entire dosis over smaller frequent additions was more effective against the bacteria multiplication, because the lysozyme works quickly , but with the low pH it becomes  inactived quickly. 

The temperature decrease early after fermentation in the cellar, and is an indispensable synergy for the efficacity of the treatment ( all tank samples when replaced in the lab at higher temperature of 20°C  have shown a MLF start). 

We can  say that this application, the inhibition of MLF, is the most delicate and cannot be effective in all cases. We see here that lysozyme can not protect under all conditions the wine against a start of MLF but is only a tool to diminish the bacteria population, and has to be used in combination with SO2 and good hygienic conditions.
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Figure 3 : Comparative effect of traditional process and new process (lysozyme + lower dosis of SO2) in Champagne – Champagne Lanson and SOEC data.

Application 3:  Treatment of sluggish fermentations

One of the reasons for sluggish alcoholic fermentation (AF) is the multiplication of lactic bacteria before the end of the AF, with often an increase of volatile acidity ; the bacteria consume the sugars after the malic and the quality of the wine is then often poor. In such cases, the habitual treatment is a sulfitation, at the dosis of 4 to 6 g/hl.

The problem is that the SO2 affects not only the bacteria but also the yeasts, and the AF doesn’t finish without making a new yeast culture.

With the specificity of lysozyme, the AF can finish normally after the fast death of bacteria (due to the lysozyme treatment). The VA increase is stopped (figure 4).

The dose of lysozyme used is 25 to 40 g/hl ; if  the development of bacteria is observed in time (before reaching 106 bacteria per ml), the treatment can delay the MLF (enough to allow yeast to finish the AF). If the MLF has started, it’s better to wait the end of MLF and to treat just after the end of malic acid degradation (2)-(5).
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Figure 4 : comparative effect of lysozyme and SO2 to inhibit VA increase in sluggish fermentations – wines from Côtes-du-Rhône – Tain-l’Hermitage winery / Martin Vialatte Œnologie  data.

Application 4:  Microbiological stabilization during aging

The last utilization is the stabilization after MLF. The advantage to use lysozyme, instead of SO2,  is to permit a longer time for  tannins and anthocyanins complexation . This reaction is indeed inhibited by adding SO2 but not by lysozyme, while the effect on the elimination of lactic bacteria is quite similar (Figure 5).

The wines obtained  have  a higher color intensity (figure 6), and preserve a more fruity aromatic profile.

The results obtained by ITV France in experimental cellar are confirmed in big wineries on the aspect of colour, but in 1999, we had difficulties to diminish the lactic bacteria populations, both with SO2 or lysozyme.

[image: image5.wmf]0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0

2

4

6

8

time after treatment (months)

lactic bacteria (log CFU / ml)

Control

SO2 50

mg/l

LYS 125

mg/l

LYS 250

mg/l

LYS 500

mg/l


Figure 5 : Lactic bacteria evolution after MLF on a Pinot Noir from Burgundy – ITV France data.
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Figure 6 : Color evolution after MLF on a Pinot Noir from Burgundy – ITV France data.

It is important to notice that lysozyme has no effect on acetic bacteria nor on yeasts, so in this application wines must be surveyed regarding their content of those two types of microorganisms ; lysozyme treatment have to be used in combination with SO2 if a contamination is suspected (especially with  Brettanomyces).

Secondary effects

A few days after  lysozyme treatment in red wines, lysozyme becomes inactived because of reaction with tanins (in the case of very light red wines, we can have a small loss of color) and with all particles in suspension.

But in the case of white wines, 50 to 80% of the lysozyme added is always present in the wine (4)-(6).

This residual lysozyme doesn’t have any effect on organoleptic properties of wine, nor on alimentary safety of the wine (lysozyme is a natural protein). But, as lysozyme is a protein, we have observed some enological effects on those wines :

· strong reaction with protein stability test  such heat test, bentotest or TCA reaction. The wines should be then treated at very high  bentonite dosis to appear stable at the test value. Fortunately however, the wines don’t show any protein precipitation even if they are under severe conditions for that : for example, placed 1 week at 40°C, then one week at 4°C, and back one week at 40°C (ITV France data). So, what we do is to use the bentonite treatment considering the protein test value of the same wine without lysozyme.

· Strong reaction in case of addition of metatartaric acid, with formation of a heavy haze (like in rich protein wines, but in this case it is not reversible). So, the use of this type of protective is excluded on lysozyme treated white wine. It’s not a problem in North America  because Metatartric is not allowed and not used.

· Protective effect on foaming capacity of sparkling wine. Lysozyme has no positive direct effect on foam, but we observe a lower effect of bentonite treatment on foaming capacity in lysozyme treated wine (7). It seems that lysozyme present in wine is very reactive with bentonite, more than the natural protein of wine (that are known to have a positive effect on foam properties of wine). This should be due to the very high isoellectric point of lysozyme : at the pH of wine, lysozyme has a very high surface electric charge, that explains bentonite reactivity .

Conclusion

Many years of experiments have shown that lysozyme is a good tool to control lactic bacteria populations and to manage the start of the MLF. It can replace SO2 in some cases where SO2 is not very efficient but lysozyme is generally used together with SO2,resulting in wines with  lower final SO2 levels.

As lysozyme is a protein that partially remains in the white treated wine, there are some secondary effects to know to properly use it .
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		98 - wine 1		0.6		0.4		0.2

		98 - wine 2		0.25		0.07		0.05

		98 - wine 3		0.1		0.2		0.02

		98 - wine 4		0.35		0.25		0.01

		99 - wine 1				0.18		0.03

		99 - wine 2				0.24		0.13

		99 - wine 3				0.14		0.09

		99 - wine 4				0.31		0.22





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



control

SO2 4 to 7 g/hl

LYSO 25 g/hl

increase of VA (gH2SO4/l)




_1012487584.xls
Graph1

		98 - wine 1		98 - wine 1		98 - wine 1

		98 - wine 2		98 - wine 2		98 - wine 2

		98 - wine 3		98 - wine 3		98 - wine 3

		98 - wine 4		98 - wine 4		98 - wine 4

		99 - wine 1		99 - wine 1		99 - wine 1

		99 - wine 2		99 - wine 2		99 - wine 2

		99 - wine 3		99 - wine 3		99 - wine 3

		99 - wine 4		99 - wine 4		99 - wine 4



control

SO2 4 to 7 g/hl

LYSO 25 g/hl

increase of VA (gH2SO4/l)

0.6

0.4

0.2

0.25

0.07

0.05

0.1

0.2

0.02

0.35

0.25

0.01

0.18

0.03

0.24

0.13

0.14

0.09

0.31

0.22



APPLICATION 1

		

		time (days)		LYSO malic		SO2 malic		LYSO  VA		SO2 VA

		0

		4

		6

		12

				SO2 : 40 mg/l		LYS : 100 mg/l

		0		3.6		3.6

		5		3.3		3.3

		12		2.7		2.4

		16		1.5		2.3

		19		0		2.2

		22				1.9

		26				0





APPLICATION 1

		0		0

		5		5

		12		12

		16		16

		19		19

		22		22

		26		26



end of AF for both

SO2 : 40 mg/l

LYS : 100 mg/l

time   of   fermentation  (days)

malic   acid  (g/l)

3.6

3.6

3.3

3.3

2.7

2.4

1.5

2.3

0

2.2

1.9

0



APPLICATION 2

				ESSAI LANSON CUVEE CHARDONNAY 1998

				BACTERIES LACTIQUES VIVANTES

						SO2 5g/hl		SO2 8g/hl		LYSO 50g/hl on must		LYSO 30g must + 20 g wine

				MUST		3100		3100		3100		3100

				AFTER 1 DAY		3100		70		125		67

				END OF AF		250		26		37		140

				JUST BEFORE SETTLING		1590		130		173		600

				1 DAY BEFORE SETTLING		890		65		115		90

				3 DAYS B. S.		1718		91		69		210

				6 DAYS B. S.		8220		18		70		230

						1995 / 94		C1		C22 / C11		C32+C42		C21		C31

				gevurzt				Control : 0+0		SO2 : 40+0		LYS 250+0		LYS 500+0		LYS 250+250 Bento. 800

						Wine 1				54				160		96

						Wine 2		11		39		94

						Wine 3		24		65		69





APPLICATION 2

		Control : 0+0		Control : 0+0		Control : 0+0

		SO2 : 40+0		SO2 : 40+0		SO2 : 40+0

		LYS 250+0		LYS 250+0		LYS 250+0

		LYS 500+0		LYS 500+0		LYS 500+0



Wine 1

Wine 2

Wine 3

MLF DURATION (days)

0

11

24

54

39

65

0

94

69

160

0



APPLICATION 3

		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl

		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl

		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must

		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine



MUST

AFTER 1 DAY

END OF AF

JUST BEFORE SETTLING

1 DAY BEFORE SETTLING

3 DAYS B. S.

6 DAYS B. S.

LACTIC BACTERIA (units/ml)

3100

3100

250

1590

890

1718

8220

3100

70

26

130

65

91

18

3100

125

37

173

115

69

70

3100

67

140

600

90

210

230



				AUGMENTATION ACIDITE VOLATILE APRES TRAITEMENT

				control		SO2 4 to 7 g/hl		LYSO 25 g/hl

		98 - wine 1		0.6		0.4		0.2

		98 - wine 2		0.25		0.07		0.05

		98 - wine 3		0.1		0.2		0.02

		98 - wine 4		0.35		0.25		0.01

		99 - wine 1				0.18		0.03

		99 - wine 2				0.24		0.13

		99 - wine 3				0.14		0.09

		99 - wine 4				0.31		0.22





		



control

SO2 4 to 7 g/hl

LYSO 25 g/hl

increase of VA (gH2SO4/l)




_1012490828.xls
Graph5

		0		0

		30		30

		80		80

		130		130

		160		160



SO2 2.5 g/hl

LYS 15 g/hl

time after treatment (days)

color intensity

0.911

0.907

0.717

0.867

0.766

0.883

0.747

0.877

0.678

0.797



APPLICATION 1

		

		time (days)		LYSO malic		SO2 malic		LYSO  VA		SO2 VA

		0

		4

		6

		12

				SO2 : 40 mg/l		LYS : 100 mg/l

		0		3.6		3.6

		5		3.3		3.3

		12		2.7		2.4

		16		1.5		2.3

		19		0		2.2

		22				1.9

		26				0





APPLICATION 1

		0		0

		5		5

		12		12

		16		16

		19		19

		22		22

		26		26



end of AF for both

SO2 : 40 mg/l

LYS : 100 mg/l

time   of   fermentation  (days)

malic   acid  (g/l)

3.6

3.6

3.3

3.3

2.7

2.4

1.5

2.3

0

2.2

1.9

0



APPLICATION 2

				ESSAI LANSON CUVEE CHARDONNAY 1998

				BACTERIES LACTIQUES VIVANTES

						SO2 5g/hl		SO2 8g/hl		LYSO 50g/hl on must		LYSO 30g must + 20 g wine

				MUST		3100		3100		3100		3100

				AFTER 1 DAY		3100		70		125		67

				END OF AF		250		26		37		140

				JUST BEFORE SETTLING		1590		130		173		600

				1 DAY BEFORE SETTLING		890		65		115		90

				3 DAYS B. S.		1718		91		69		210

				6 DAYS B. S.		8220		18		70		230

						1995 / 94		C1		C22 / C11		C32+C42		C21		C31

				gevurzt				Control : 0+0		SO2 : 40+0		LYS 250+0		LYS 500+0		LYS 250+250 Bento. 800

						Wine 1				54				160		96

						Wine 2		11		39		94

						Wine 3		24		65		69





APPLICATION 2

		Control : 0+0		Control : 0+0		Control : 0+0

		SO2 : 40+0		SO2 : 40+0		SO2 : 40+0

		LYS 250+0		LYS 250+0		LYS 250+0

		LYS 500+0		LYS 500+0		LYS 500+0



Wine 1

Wine 2

Wine 3

MLF DURATION (days)

0

11

24

54

39

65

0

94

69

160

0



APPLICATION 4

		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl		SO2 5g/hl

		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl		SO2 8g/hl

		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must		LYSO 50g/hl on must

		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine		LYSO 30g must + 20 g wine



MUST

AFTER 1 DAY

END OF AF

JUST BEFORE SETTLING

1 DAY BEFORE SETTLING

3 DAYS B. S.

6 DAYS B. S.

LACTIC BACTERIA (units/ml)

3100

3100

250

1590

890

1718

8220

3100

70

26

130

65

91

18

3100

125

37

173

115

69

70

3100

67

140

600

90

210

230



APPLICATION 3

		Utilisation du lysozyme sur pinot noir après FML (moyenne pour quatre vins) - essais cuverie expérimentale / 10L

		Bactéries lactiques.

						0		1		2		3		4		5		6

				Témoin		6.9		6.4		6.2		5.2		4.4		2.9		2.9

				SO2 50 mg/l		6.9		2.2		2.2		1.2		1.2		1.2		0.7

				LYS 125 mg/l		6.9		3.3		3.3		2.8		2.6		2.8		2.9

				LYS 250 mg/l		6.9		2.8		2.8		2.4		1.8		1.2		1.3

				LYS 500 mg/l		6.9		2.3		2.3		1.8		1.0		1.1		1.0

						SO2 2.5 g/hl		LYS 15 g/hl

				0		0.911		0.907

				30		0.717		0.867

				80		0.766		0.883

				130		0.747		0.877

				160		0.678		0.797





APPLICATION 3

		



Témoin

SO2 50 mg/l

LYS 125 mg/l

LYS 250 mg/l

LYS 500 mg/l

time after treatment (months)

lactic bacteria (log CFU / ml)



		



SO2 2.5 g/hl

LYS 15 g/hl

time after treatment (days)

color intensity



				AUGMENTATION ACIDITE VOLATILE APRES TRAITEMENT

				control		SO2 4 to 7 g/hl		LYSO 25 g/hl

		98 - wine 1		0.6		0.4		0.2

		98 - wine 2		0.25		0.07		0.05

		98 - wine 3		0.1		0.2		0.02

		98 - wine 4		0.35		0.25		0.01

		99 - wine 1				0.18		0.03

		99 - wine 2				0.24		0.13

		99 - wine 3				0.14		0.09

		99 - wine 4				0.31		0.22





		



control

SO2 4 to 7 g/hl

LYSO 25 g/hl

increase of VA (gH2SO4/l)




_1012450048.xls
Graph1

		Control : 0+0		Control : 0+0		Control : 0+0

		SO2 : 40+0		SO2 : 40+0		SO2 : 40+0

		LYS 250+0		LYS 250+0		LYS 250+0

		LYS 500+0		LYS 500+0		LYS 500+0



Wine 1

Wine 2

Wine 3

MLF DURATION (days)

0

11

24

54

39

65

0

94

69

160

0



Feuil1

		

		time (days)		LYSO malic		SO2 malic		LYSO  VA		SO2 VA

		0

		4

		6

		12

				SO2 : 40 mg/l		LYS : 100 mg/l

		0		3.6		3.6

		5		3.3		3.3

		12		2.7		2.4

		16		1.5		2.3

		19		0		2.2

		22				1.9

		26				0





Feuil1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



end of AF for both

SO2 : 40 mg/l

LYS : 100 mg/l

time   of   fermentation  (days)

malic   acid  (g/l)

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Feuil2

				ESSAI LANSON CUVEE CHARDONNAY 1998

				BACTERIES LACTIQUES VIVANTES

						SO2 5g/hl		SO2 8g/hl		LYSO 50g/hl on must		LYSO 30g must + 20 g wine

				MUST		3100		3100		3100		3100

				AFTER 1 DAY		3100		70		125		67

				END OF AF		250		26		37		140

				JUST BEFORE SETTLING		1590		130		173		600

				1 DAY BEFORE SETTLING		890		65		115		90

				3 DAYS B. S.		1718		91		69		210

				6 DAYS B. S.		8220		18		70		230

						1995 / 94		C1		C22 / C11		C32+C42		C21		C31

				gevurzt				Control : 0+0		SO2 : 40+0		LYS 250+0		LYS 500+0		LYS 250+250 Bento. 800

						Wine 1				54				160		96

						Wine 2		11		39		94

						Wine 3		24		65		69





Feuil2

		



Wine 1

Wine 2

Wine 3

MLF DURATION (days)



Feuil3

		






