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Lysozyme: Efficacy of Lysozyme in Unclarified Grape Musts
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In wine making, the bacteriolytic activity of lysozyme has primarily been used to control the malolactic
fermentation in wines. The use of lysozyme in musts before settling and the beginning of the alcoholic
fermentation to inhibit the growth of lactic acid bacteria could be very beneficial. In a resistance test
carried out in MT/b broth, lysozyme had greater antimicrobial activity toward Oenococcus oeni than
Lactobacillus species. Several strains of wine bacteria belonging to Oenococcus proved sensitive to
the bacteriolytic activity of lysozyme at low concentrations in both synthetic medium (MT/b) (50 mg/
L), white must, or red must made with or without the skins (100 mg/L). Lactobacillus and Pediococcus
strains survived at lysozyme concentrations of 200—500 and 500 mg/L, respectively, in MT/b and
musts. Suspended solids in unclarified musts may strongly bind to lysozyme thereby causing its
removal by filtration or centrifugation. One hour after lysozyme was added to musts, it was quantified
by HPLC and found after centrifugation to be 40—50% and only 10% in musts made with or without
the skins, respectively. Although appreciable amounts of lysozyme were bound to wine components,
this did not appear to be a serious hindrance to lysozyme activity.
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INTRODUCTION physiological state and the lysozyme structure in the medium

The bacterial activity in musts and wines is traditionally (H* concentration, reacting compounds) @ .
controlled through the use of sulfur dioxide, a compound giving ~ AS @n enzyme, lysozyme shows a specific action toward both
multiple functionality (antioxidant, antimicrobial, extractive SPecies and strain. Its efficacy toward Gram-negative bacteria
solvent) along with some undesirable effects such as negative('.e., acetic bacteria) is much less and is more bacteriostatic than
sensory characteristics and eliciting allergic responses in sensi-Pactericidal 8, 6), presumably because the outer membrane acts
tive people. Other antimicrobials such as sorbic acid and &S & barrier.
dimethyl carbonate are active against yeasts but have limited From the point of view of practical applications in winemak-
activity against bacteria (2). ing, it would be instructive to understand the variability of
Lysozyme is an enzyme with bactericidal activity that is lysozyme sensitivity in strains of wine spoilage bacteria such
isolated from hen egg albumen and has recently found to beas Lactobacillus, which is usually blamed for serious defects
useful in controlling bacterial activity in wines. The use of N musts and wines (stuck wines, ferocious lactic acid spoilage,
lysozyme has been shown to be an efficacious antimicrobial in tartaric acid degradation, etc.). Some studigs) have shown
many foods, most notably in cheeses. a general sensitivity of wine lactic bacteria to lysozyme at
Lysozyme is a protein with an isoelectric pH of 10.5—11.0 concentrations of 250—500 mg/L.
and a molecular mass of about 14 500 Da. Its maximum stability ~The primary factor that has been observed to affect the
and activity is found at pH values lower than 7.0, namely, in bacteriolytic action of lysozyme in wines is believed to be the
the range of 2.84.2, which is the pH range for most wines polyphenolic components, which may bind to lysozyme. It has
(7). Lysozyme is available in hydrochloride form, which permits been observed that lysozyme is more active in white wines than
rapid solubility. Its chitinolytic activity causes the degradation red, which reflects the polyphenolic content. As wine pH
of the bacterial cell wall thus accelerating cell lysis. becomes lower, the antimicrobial activity of sulfur dioxide
Bacterial sensitivity to lysozyme depends on the peptidogly- increases. The opposite is true for lysozyme, which makes it
can structure in the cell wall. The antimicrobial activity of ~an attractive candidate to prevent spoilage in high pH wines.
lysozyme toward lactic bacteria was reviewed by Cunningham Amati et al. (9) highlighted a decrease in the lysozyme activity
et al. (3) and has been since shown to depend on both the celias the S@ concentration and the temperature increased. Ac-
cording to these authors, the lysozyme activity inn®0ntaining
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approximately constant. This result would be important if Taple 1. Results of HPLC Analysis of Residual Lysozyme (Average of
lysozyme needs time to destroy bacterial cells, but it would be Two Replicates) in Barbera Musts Containing 500 mg/L Lysozyme
meaningless if the bacteriolytic activity occurs quickly soon after after Filtration, Centrifugation, and/or Acidification at pH 2.0

the lysozyme addition and $S@an be added some hours later,

or when lysozyme is added some hours before bottling or in filtlration filtration centrlifugation centrifugation
musts soon after crushing before the beginning of alcoholic "o after vithout and.
fermentation, in other words, when the wine needs no special acidification acidification acidification acidification
protection against further contamination. mgl loss% mgl loss% mol loss% mgl  loss%
Pitotti et al. ) obtained very good results by adding 4790 9042 24400 5120 25750 -4850 24420 -51.16

lysozyme at a concentration of over 100 mg/L immediately after
crushing and cold juice clarification, while Castino et dl0)
prevented the malolactic activity in a fermenting Moscato juice
contaminated with commercial malolactic bacteria, with a
concentration of 500 mg/L1j. Gerbeaux et al1(l) and Gerland
(12) found lysozyme advantageous, at a concentration of250

Media. (a) Synthetic broth medium at pH 5.8-[+)-glucose, 15
g/L; tryptone, 8 g/L; yeast extract, 5 g/L; casamino acids, 1 g/L; sodium
acetate, 3 g/LL-(—)-malic acid, 6 g/L; triammonium citrate, 2 g/L;
magnesium sulfate heptahydrate, 0.2 g/L; manganese sulfate hydrate,
) - | 0.035 g/L; and Tween 80, 1 mL; reach pH 5.00 with potassium
500 mg/L, in sluggishly fermenting musts due to growth by hydroxyde; vitamin solution 1% was added after sterilization at 120
spoilage lactic acid bacteria. °C/20 min; vitamin solution: pyridoxine hydrochloride, 400 mg/L;

Bentonite, CharcoaL and silica ge| (When used in musts) thiamine hydrochloride, 400 mg/L, inosine, 2000 mg/L, biotin, 20 mg/
decreased significantly the content of free lysozyme and, L+ calcium pantothenate, 400 mg/L; nicotinamide, 400 mg/L; and
accordingly, the antibacterial activity, while casein, gelatine, E’égmn%(;ﬁ;e”;ﬁécpﬁi‘;gg‘ ngtlu":t?fsg (r':]";/l_b)) ?h;]'?'/t\;\g;htgcggl:%nn?e
PVPP, diatomaceous, ceIIon;g, and pectolytllc enzymes hqd nOselective against molds and yeasts according to Delfini e plvére
effect (9). Morepver' no Slgnlflcqnt changes in both chemical used. (b) Unclarified Chardonnay white must (pH 3.80; total phenols,
and organoleptic features of wine were observed after the 157 mg/1) with no skins. (c) Unclarified Barbera red must (pH 3.30;
addition of lysozyme, but a slight increase in turbidity occurred total phenols, 298 mg/L). (d) Unclarified Barbera red must with skins
on the addition of 1000 mg/L lysozym@&); However, it may (pH 3.2; total polyphenols, 227 mg/L). All musts were obtained from
be desirable to have any residual lysozyme in wines becausefrozen grapes at-20 °C after thawing at £C while the juices of b
of possible allergenic responses by sensitive individuals. and ¢ were obtained by gentle pressure after 4 h of contact on skins.
Residual lysozyme in wine can be determined by high- ReagentsLysozyme hydrochloride Muramidase (E.C.3.2.1.1'7; CAS
performance ||qu|d Chromatography (HPLC) according to Mar- No. 9066-59-5), gr.anular food grade (Fordras, S.a. LUganO, SWltZerIand)
chal et al. {3) and Daeschel et al14). No methods were 95% pure, soluble in water. The product was used after filter sterilization

- through a 0.22tm membrane.
roposed so far to evaluate lysozyme in musts.
prop ysozy Analytical Methods. Lysozyme Determination by HPLOhe

Lysozyme has been widely reported to be effective against 5naiyses were carried out on a Varian Liquid Chromatograph mounted
undesirable malolactic fermentation during wine processing and/ with a column Supelco Progel-TSK, Phenyl-5PW-RP; 75 .6
or aging in bottle, during grape crushing, to prevent musts from mm and linked to a Varian 9050 UV detector. Varian Star 4.5 software
bacterial contamination and/or before and during alcoholic was used for the integration of peak areas and data handling.
fermentation to avoid bacterial spoilage and stuck fermentations. Chromatographic ConditionsTaking into account the methods

The goal of this research is (i) to verify the stability of
lysozyme in must, (i) to study the sensitivity (or resistance) in
some lactic acid bacteria strains of different species isolated
from grapes, juice, or wine, and (iii) to check the efficacy of
lysozyme in preventing the growth of lactic bacteria in musts
just crushed with or without the skins, prior to clarification.

MATERIAL AND METHODS

Bacterial Strains. Strains were used as follows: IBenococcus
0eni(CNLBSV-ISEAT 5001+5006*, 5008, 5016-5013*, 5015*, 5019,
5026, 5028, 5030, 5031*, 5038*, 5041*, 5043*, 5051*, 5056*, 5058*,
5060*, 5062*, 5063*, 5071* 5081* 5084* 5089* 5091* 5097*
5102*, 5106*, and 5117* from the Istituto Sperimentale per 'Enologia-
Asti, ISEAT, Italy), fourLactobacillus breis (CNLBSV-ISEAT 5199,
from Oregon State University and CNLBSV-ISEAT 5212219 from
Gutenberg Universitat, Germany), twmuchneri (CNLBSV-ISEAT
5196* from CNLBSV-ISEAT-Asti and CNLBSV-ISEAT 5204 from
UCD, Davis, CA), fivecasei(CNLBSV-ISEAT 5200, 5209, 5210 from
UCD, Davis, CA and CNLBSV-ISEAT 52206%5229* from Gutenberg
Universitat), eighhilgardii (CNLBSV-ISEAT 5032*-5034*, 5201*
5203*, 5205*, 5206* from CNLBSV-ISEAT-Asti and CNLBSV-ISEAT
5211* from Sigmo Laboratory, Chateau de la Frémoire, France), two
plantarum (CNLBSV-ISEAT 5197*, 5198* from Oregon State Uni-
versity), onesakei(CNLBSV-ISEAT 5208* from UCD, Davis, CA),
and onePediococcus parvulu$CNLBSV-ISEAT 5177* from CN-
LBSV-ISEAT). All strains were grown in MT/b broth medium at 25

described in the literaturel8, 14) and the results of our preliminary
trials, the following HPLC method was chosen. Eluent A: 1%
acetonitrile; 0.2% TFA; 98.8% water. Eluent B: 70% acetonitrile, 0.2%
TFA; 29.8% water.

Working ConditionsGradient program: from 100% A to 100% B
in 36 min; from 100% B to 100% A in 5 min; equilibration time, 9
min; flow, 1 mL/min; injection, 20uL; A, 281 nm [a spectrum of a
lysozyme solution in methanol (1.0 g/L), carried out prior to fix the
working conditions for the detector, showed a maximum at 281 nm
instead of 280].

Stability of Lysozyme in Must. Sample Preparation for the Analysis
in HPLC. Free and Bound Lysozyme in MuStials were initially
performed in order to find the best procedure for the preparation of
must for the evaluation of residual free lysozyme at the sampling time
by HPLC. Daeschel et al14) acidified the must at pH 2.0 with HCI
soon after the sampling before HPLC injection. The scientific reason
and mechanism of this stabilizing treatment were not explained by the
cited authors, but probably, it was adopted trying to stop any running
binding process or to avoid precipitation during the storage as well as
to free lysozyme from phenols or other combining compounds. The
efficacy of this treatment in order to the above-hypothesized purposes
was checked along with the use of a membrane filtration and/or
centrifugation before the HPLC analysis, as follows.

Trial No. 1.Lysozyme was added to 150 mL of red must c to give
a concentration of 500 mg/L. The samples obtained were acidified and/
or centrifuged and/or filtered as shownTable 1.

Trial No. 2. Lysozyme was added to 100 mL of must ¢ so as to
obtain a concentration of 500 mg/L. After 4 h, the must was centrifuged

°C and inoculated in the experimental samples during exponential at 5000 rpm for 10 min. Aliquots sampled after O, 1, 2, 3, and 4 h,
growth. Unclassified strains (*) were identified by taxonomic analyses respectively, were analyzed by HPLC to determine free lysozyme
at the Istituto Sperimentale Lattiero Caseario di Lodi (Ml), Italy. (Table 2).
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Table 2. Results of HPLC Analysis of Residual Lysozyme vs Time in subaliquots. Both wines were very rich in suspended solids. To one of
a Sample of Barbera Must Added with 500 mg/L Lysozyme after them Iysozyme (prev[ously dissolved in water durllng 5 h) was added
Centrifugation (Trial 2) to obtain a concentration of 500 mg/L. CFU microbial populations were
determined on MTh/s agar at 2C€ in both the control and the treated
hours lysozyme (mg/L) lysozyme loss % aliquots either before the lysozyme addition or after 20 days of growth.
0 179 64 Laboratory Tests in MustStrains 5026 (O. oeni) and 5032 (L.
1 177 —65 hilgardii), which proved strongly resistant to lysozyme in MT/b, were
2 180 63 inoculated in duplicate in 75 mL of musts a and b in the ratio ¢f 10
3 179 -64 CFU/mL. The red juice (b) was separated from skins by settling and
4 178 -64 then treated with both lysozyme and bacterial cells. After treatment, it

was mixed again with skins to ensure a distribution of lysozyme and
bacterial cells as homogeneous as possible. The above treatment was
Barbera must + 500 mg/L lys repeated three times, according to the “delastage” maceration technique.

3 100 - The same procedure of delastage was carried out for the aliquots
o - sampled after 16 h of contact (the same used in the resistance screening
£ 75 E essay in MT/b broth). This methodology was chosen to reproduce real

r conditions similar to those used in wine processing, although the
E 50 £ presence of skins might not guarantee quite a good distribution of
& c bacterial cells during the sampling. That is the reason only the total
e 25 absence of growth was considered as a positive result for bacteriolysis,
g F . J . | . while any quantitative survival (growth) was taken as a negative result.
= 0 : To check for bacteria survival, two aliquots of 2.5 and 5.0 mL of

48 the inoculated sample and after 16 h of lysozyrbacterial cell contact
were filtered through a 0.Zm membrane to remove any residual
lysozyme from the bacterial cells. The membranes were transferred to
a Petri disk containing two porous septa soaked with 3.5 mL of MT/bs
and enumerated for bacteria after 12 days of incubation at@5
Furthermore, a 50 mL aliquot of each inoculated sample was centrifuged
after 16 h of lysozymebacterial cell contact and the supernatant was
analyzed for free lysozyme.

Hours

—e— Centrifuged must-+— Centrifuged and filtered

Figure 1. Loss of free lysozyme vs time in centrifuged must and in
centrifuged and filtered must.

Table 3. Enological Parameters and Viable Bacteria (CFU) in the
Control Sample and in Samples of Wines Affected by Lactic Acid
Stuck Fermentation Treated with Lysozyme (Cellar Preliminary RESULTS AND DISCUSSION

Experiments) Analytical Method. The analytical method proved reliable
showing under our working conditions (centrifuged musts) with
a minimum detectable level (MDL) of 6.25 mg/L obtained by

volatle ~ CFU/mL ~ CFU/mL
ethanol  sugars acidity control treated

wines (%) (g/L) pH (glL) sample  sample injecting 50uL volumes. However, in routine HPLC analysis,
Chardomnay 1379 1300 351 111 128-10° 18 an injection of a volume Iower than 26L is preferable, to
Barbera 1452 2490 334 090  1.98-10° 0 prevent the column from being stressed, and eventually, the

analysis with higher volumes could be repeated in the case of
very low concentrations.

Trial No. 3. Lysozyme was added to 375 mL of must ¢ to give The gradient used proved effective for both red and white
concentrations of 500 mg/L. The sample was divided in five subaliquots, products, always giving a very good repeatability of the RT for
which were centrifuged after 1, 4, 8, 24, and 48 h, respectively. For the lysozyme peak. Lysozyme appears on the chromatogram
each sample, free lysozyme was determined by HPLC in the supernatanias a peak at a constant average RT of 19.5 min.
before and after filtration (Figure 1). _ _ The coefficients of regression calculated for both lysozyme

Method of AnalysisThe samples of winegrape must spiked with  go|utions in water and in must proved very similar (0.9979 and
lysozyme after centrifugation were injected directly into the HPLC and (y 9976 respectively). The calibrations in water and in must
analyzed at room temperature. proved satisfactory and overlapped each other.

Calibration curves were constructed both in water and in centrifuged o : :
: . ) tability of Lysozyme in Must. Sample Preparation for th
must. Each concentration was analyzed in duplicate. The values related Stability of Lysozyme st. Sample Prep ° €

to 6.25 and 12.5 mg/L were obtained by injecting:80 Control tests Analysis in HPLC' Fr?? and Combined Lysozyme in Muse
were carried out with solutions of lysozyme of known concentrations. HPLC working conditions chosen allow one to dete_Ct and
Resistance Screening Essay in MT/b BrothA population of 10 evaluate the actual free Iys.oz.yme.. The results of the first trial
CFU was introduced into four 10 mL MT/b aliquots with the addition &llow us to conclude that (i) filtration caused a 90% decrease
of lysozyme to obtain concentrations of 0, 50, 100, and 200 mg/L. in free lysozyme. In acidified samples, a decrease of 51% was
The more lysozyme resistant bactetiactobacillusand Pediococcus observed (Table 1). (ii) Centrifugation caused a 48% loss of
were treated with lysozyme at the concentration of 500 mg/L. After a free lysozyme that proved to keep constant also after acidifica-
contact time of 16 h (usually needed in practice to obtain a clarification tion (Table 1). Thus, in an unclarified must, the centrifugation
at room temperature favorable to bacterial growth) at@51 mL of seems to eliminate the same quantity of combined lysozyme as
each aliquot was transferred into a 15 mL centrifuge tube and fjjtration does after acidification. The above, along with the
igﬁ:ﬁ‘gﬁﬁ;ﬁfg;&'zg?ﬁg r’gg@;g‘gnsé‘tpgg%ﬁggwjfag'jgf‘tgg%’ incomplete liberation of lysozyme in the acidified and filtered
and incubated at 25C for 20 days. The inhibition of growth was isna:/”;gt'%zti‘f;””m be easily explained so far and warrants further

verified daily by visual observation (turbidity). . . . -
Efficacy of Lysozyme in Musts.Preliminary Cellar Trials.After Thus, filtration applied to unclarified musts soon after the

attempts to eliminate microbial contamination by both settling ang SO [YS0zyme addition has the strong effect to eliminate lysozyme
addition, two quantities of 400 L of Chardonnay and Barbera wines from the filtrate. The above would prove a quick combination

both stopped fermentation (see enological parameterEalrie 3), of lysozyme with colloids and solids suspended. The effect of
following a strong contamination b. oeni, were divided into two centrifugation, instead, proved less dramatic causing a loss of
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Table 4. Sensitivity (Days of Growth Delay) of Several O. oeni Strains
in MT/b Containing Increasing Concentration of Lysozyme after 16 h

of Contact
Oenococcus oeni
lysozyme (mg/L) lysozyme (mg/L)

strains 50 100 200 500 strains 50 100 200 500

5001 20 20 20 20 5041 9 20 20 20

5002 20 20 20 20 5043 11 18 20 20

5003 20 20 20 20 5051 20 20 20 20

5004 10 20 20 20 5056 14 20 20 20

5005 20 20 20 20 5058 10 20 20 20

5006 20 20 20 20 5060 18 20 20 20

5008 20 20 20 20 5062 20 20 20 20

5010 18 20 20 20 5063 19 19 20 20 Figure 3. Frequency % distribution of the O. oeni and Lactobacillus spp.
s0i1 18 20 20 20 07120 20 A0 20 strains in classes of growth delay in MT/b containing increasing
5012 20 20 20 20 5081 20 20 20 20 . )

5013 20 20 20 20 5084 20 20 20 20 concentrations of lysozyme. The major the frequency and growth delay
5015 20 20 20 20 5089 20 200 20 20 class are, the minor the resistance is. L = Lactobacillus; O = Oenococcus.
5019 20 20 20 20 5091 10 11 13 20

5026 11 12 20 20 5097 1 4 4 20

5028 19 20 20 20 5102 5 20 20 20

5030 20 20 20 20 5106 5 20 20 20

5031 20 20 20 20 5117 11 11 11 20

5038 11 20 20 20

Figure 4. See Figures 2 and 3. L = Lactobacillus; O = Oenococcus.

Figure 2. Frequency % distribution of the O. oeni and Lactobacillus spp.
strains in classes of growth delay in MT/b containing increasing
concentrations of lysozyme. The major the frequency and growth delay
class are, the minor the resistance is. L = Lactobacillus; O = Oenococcus.

lysozyme of only about 50%. Furthermore, the concentration

of free lysozyme in the supernatant keeps almost constant with

time as indicated by the results of trial no. Paple 2). These

results indicate that musts can be analyzed some hours after

centrifugation with no significant decrease in free lysozyme rigyre 5. See Figures 2 and 3. L = Lactobacillus; O = Oenococcus.
concentration.

Trial no. 3 showed for both centrifugation and filtration a of Figure 1 (Barbera red must without skins prepared as
percentage loss of free lysozyme increasing with time (Figure described for medium c), the HPLC analysis carried out within
1). Filtration through 0.22m membranes eliminates much more an hour after centrifugation found only #@0% of “free”
lysozyme than centrifugation. A complete removal of colloids lysozyme while in other Barbera musts a loss of-60% was
takes place so avoiding a possible colloidal aggregation thatobserved (data not reported).
might slowly continue in the must even after centrifugation. It ~ The results strongly depend on both the crushing conditions
should be emphasized that in a must very rich in colloids and and the time of addition of lysozyme to must; the centrifugation
suspended solids, it can be assumed that a system continuouslgnd analysis times also seem to play a major role. In conclusion,
featuring new aggregation steps neither centrifugation nor otherit is worth noting that winegrape must is such a complex and
clarification techniques meet at the moment the practical needsvarying medium that makes reproducibility, even in rigorous
to separate free and combined lysozyme during sampling. Onexperimental conditions, difficult and that the amount of
the other hand, untreated musts, quite rich in solids, cannot besuspended solids is extremely variable.
directly injected in a HPLC column and that supports the use  Resistance Screening Essay in MT/b BrothLactobacillus
of centrifugation in the sample preparation for the analysis of and Pediococcusproved more resistant to lysozyme th@n
lysozyme in musts by HPLC. oenialong with other sensitive strains (e.g., 5201, 5211, 5032

Finally, the speed at which suspended solids of a must react5034) Tables 4and5). A growth of 100% was observed within
to bind lysozyme must be taken into consideration. In the sample 5 days forLactobacillusstrains at a lysozyme concentration of
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Table 5. Sensitivity (Days of Growth Delay) of Lactobacillus spp. and contrastP. parvulus(Table 5) and all species dfactobacillus
P. parvulus in MT/b Containing Increasing Concentration Lysozyme (Figures 4 and 5) were very resistant and grew also at a
after 16 h of Contact concentration of 500 mg/L. However, these results must be

evaluated taking into consideration the fact that the favorable

lysozyme (mg/L) growth medium and exponentially growing cells may compro-

species strains 50 100 200 500 mise the efficacy of lysozyme under these conditions.

Lactobacillus spp. Efficacy of Lysozyme in Must. Preliminary Cellar Trials.
hilgardii 5032 2 1 3 4 The results reported iTable 3 prove a strong efficacy of
E::gg{g:: gggi g i g g lysozyme in both white and red wines. While the control samples
hilgardi 5001 3 4 4 7 of Chardonnay and Barbera showed, respectively, k28F
hilgardii 5202 0 0 1 2 and 1.98 x 10° CFU/mL, no CFU/mL but only 18 were
hilgardii 5203 0 0 0 0 respectively detected in the Chardonnay and Barbera aliquots
E::gg;g:: gggg 8 8 (1) g treated with lysozyme. Considering that both wines, particularly
h"gardii 5911 3 3 3 4 the red one, were very turbid apd _r!ch in phenols, the ab_ove
brevis 5199 0 0 0 0 results could be viewed as very significant, from a technological
buchneri 5196 1 1 3 4 point of view, and then worthy of further research.
Egi‘i"e” gggg g 8 é S Laboratory Tests in MusResults concerning the bacterial
casel 5209 0 0 0 0 survival confirmed the efficacy of 100 mg/L lysozyme to
casei 5210 0 0 0 0 control, during 16 h of exposure, the developmentofoeni
plantarum 5197 0 0 0 0 resistant strain 5026 in white must without skins, and of 200
zmtiaf“m g;gg 8 8 8 8 mg/L lysozyme in red must with skins. By contrast, the

A hilgardii resistant strain 5032 survived in any experimental
Pediococcus condition, even in the presence of 500 mg/L lysozyifieble
parvulus ST 0 0 2 2 6). However, it must emphasized that these results were obtained
in musts that had a strong affinity for binding lysozyme. After
50 mg/L. A growth of 33% was observed within 5 days @r 16 h from lysozyme addition, HPLC analyses revealed amounts
oeniat 100 mg/L of lysozyme, while 31.4% developed within of “free” lysozyme from 28—50% in white off skins must and
16—20 days and 54.3% showed no growth within 20 days. from 3—6% in red on skins must for the corresponding
Lactobacillus, instead, proved to grow at a high percentage concentrations of lysozyme of 100, 200, and 500 mgd/akle
within 5 days even at high lysozyme concentrations, namely, 7), suggesting that the combined lysozyme might have not lost
94.4% at 100 mg/L, 88.9% at 200 mg/L, and 77.8% at 500 completely its bacteriolytic activity. Weak binding interactions

mgl/L. with the must compounds probably not involving the biological
Considering the frequency % obtained for each lysozyme active site of lysozyme may be an explanation.

concentration, it is suggested that all strain©ehococus oeni This idea seems to be supported by the positive results

were strongly inhibited in MT/bRigures 2and3). Only five obtained in the preliminary trials on Chardonnay and Barbera

strains survived in the presence of 200 mg/L lysozyme after 16 stuck wines contaminated . oeni(Table 3). Furthermore,
h of contact, and none grew in the presence of 500 mg/L. By the relative lack of antimicrobial activity of lysozyme on

Table 6. Survival of Strains O. oeni 5026 and L. hilgardii 5032, Observed in Both a White Must Off Skins and a Red Must with Skins, Inoculated at
Time = 0 (To) and after 16 h (Tys) of Contact with Increasing Concentrations of Lysozyme?

samples added with 100 mg/L lysozyme samples added with 200 and 500 mg/L lysozyme
control sample +100 control sample +200 +500
must bacterial strain To T T To T Tie T
white off skins 0. oeni 108 o+ 0 108 o+ 0 0
L. hilgardii ND ND ND 108 e+t ++++ e+t
red on skins 0. oeni ND ND ND 108 -+ 0 0
L. hilgardii ND ND ND 108 o+ ++++ e+

aND = not determined; ++++ = strong growth; 0 = no growth.

Table 7. Results of HPLC Analysis of Residual Lysozyme (mg/L) in the Musts of Table 6 at the Sampling Time T,

lysozyme added (mg/L)
single data (mg/L) average data (mg/L)
must bacterial strains +100 +200 +500 +100 loss % +200 loss % +500 loss %
white off skins 0. oeni 5026 a 29 44 222 28.0 =72.0 44.0 -78.0 223.0 -55.4
b 27 44 224
L. hilgardii 5032 a ND 50 209 50.5 -74.8 208.5 -58.3
b ND 51 208
red on skins 0. oeni 5026 a ND 12 12 12.0 -94.0 13.0 -97.4
b ND 12 14
L. hilgardii 5032 a ND 6 12 75 -96.3 135 -97.3
b ND 9 15

2a,b = replicates; ND = not determined.
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Lactobacillusstrain must be evaluated taking into consideration
the challenging experimental conditions chosen. Specifically,
these are as follows: (i) the strains used in this experiment were
both very resistant to lysozyme, (ii) the exponential phase of
growth of the inoculated cells increased the resistance to
lysozyme, and (iii) the large amount of cells inoculated®(10
mL CFU), much larger than those usually found in musts,
freshly pressed. Undoubtedly, the lysozyme activity in unclari-
fied musts is not so compromised that the existence of other
factors may warrant further research to fully explain precipitation
phenomena involving lysozyme and must/wine components.
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