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Abstract

Brettanomyces bruxellensis and the conse-
quences of its development in wines are a contin-
uous threat for wine quality. In this context, chi-
tosan of fungal origin was introduced as a new
tool to control B. bruxellensis in the context of
winemaking. Recent studies have showed the
impact of a fungal origin chitosan application on
wines contaminated with B. bruxellensis, leading
to the elimination of B. bruxellensis cells. In these
studies, the chitosan preparation was added, the
wine racked off after 10 days and the efficiency of
the treatment was evaluated in a short delay after
the treatment. This study focused on the evalua-
tion of the impact of different addition protocols
of an enological chitosan preparation on B. brux-
ellensis population evolution and volatile phenols
content along the aging, up to 9 months. The
results confirm the interest of fungal origin chi-
tosan as a preventive tool to control B. bruxellen-
sis in the context of wine aging.

Introduction

Brettanomyces bruxellensis and the conse-
quences of its development in wines are a con-
tinuous threat for wine quality.! This undesir-
able yeast is able to develop during aging
under difficult conditions. Development of this
microorganism usually results in the produc-
tion of off-flavors, such as ethylphenols and
vinylphenols;** in fact, the sensory properties
of these molecules (mousiness, animal, horsy,
barnyard, smoky, spicy, burnt plastic, or medic-
inal) are often described as the Brett charac-
ter. It is also responsible for the production of
other negative aromatic compounds such as
isovaleric acid (known to be related to un
unpleasant cheesy aroma) and tetrahydropy-
ridines, responsible for mousy taint.’
Nowadays at an international scale, volumes
concerned by this defect become significant,
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and B. bruxellensis is considered as the major
microbial cause for wine spoilage worldwide,
causing significant economic losses.5 B. brux-
ellensis is well adapted to winemaking condi-
tions since it is low pH and ethanol tolerant,
facultatively anaerobic,” and it can assimilate
carbon sources alternative to hexoses.® Several
strategies are useful to control B. bruxellensis
and its development in musts and wines,
although they are not always sufficient.!? In
this context, chitosan of fungal origin has
been introduced as a new potential tool to con-
trol B. bruxellensis in winemaking.!” Chitosan
is a linear polysaccharide composed of two
repeating units [D-glucosamine units (GlcN)
and N-acetyl-D-glucosamine (GLcNAc) units]
randomly distributed along the polymer chain
and linked by f(1-4)-bonds. Recent studies
have showed the impact of chitosan applica-
tion® on wines contaminated with B. bruxellen-
sis, leading to the elimination of B. bruxellen-
sis cells, even at high levels of populations up
to 10°-10 CFU/mL." In these studies, the chi-
tosan preparation was added, the wine racked
off after 10 days and the efficiency of the treat-
ment was evaluated in a short delay after the
treatment. Due to the necessity to control wine
microbiological stability during the period of
aging in barrels, our research focuses on the
application of an enological chitosan prepara-
tion in order to prevent wine from B. bruxel-
lensis contamination along the aging period at
both experimental winery- and winery-scale.

This study aims at evaluating the impact of
different addition protocols of an enological
chitosan preparation on B. bruxellensis popu-
lation evolution and volatile phenols content
along the aging, up to 9 months. Moreover,
since previous studies have reported that the
management of an efficient malolactic fer-
mentation (MLF) can help to preserve the
quality of wine by hampering the development
of Brettanomyces yeast,'>1* the application of
chitosan treatments in this work has been car-
ried out both on wines that underwent rapid
MLF (by yeast-bacteria co-inoculation) and on
wines that underwent slow MLF (carried out by
spontaneous microflora).

Materials and Methods
Chitosan of fungal origin

The chitosan preparation used (No Brett
Inside™) is a powder with particles : whose diam-
eter is lower that 50 pm, extracted from Aspergillus
niger, produced by KitoZyme (Herstal, Belgium).
Four g/L were added in the treated wines.

Microorganism strains and culture
conditions
The strain of Oenococcus oeni used for wine
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MF in this work was Lalvin VP41® (Lallemand,
Montreal, Canada). The bacteria were rehy-
drated from lyophilized form in distilled water
for 20 min, then added to the must or wine.

The strain of Brettanomyces bruxellensis
used in this study was originally isolated from
red wine and designed as DB 137 in the inter-
nal collection by ISVEA [Poggibonsi (SI),
Italy]. The yeast was routinely grown in liquid
yeast extract peptone dextrose medium (10 g/L
yeast extract, 20 g/L peptone, and 20 g/L glu-
cose, pH 4.8). At the end of the exponential
phase of growth, the yeast was inoculated into
the wine mass at 1 x 10 colony forming units
(CFU)/mL.

Experimental design

Several experimentations were run during 2
years in Tuscany, Italy (2011 and 2012).
Experiments were set up at experimental-win-
ery scale (25 L tanks) and winery-scale (225 L
barrels) on Sangiovese and Merlot wines and
followed along the aging (6 months at experi-
mental winery, 9 months at winery). At winery
scale, the impact of MLF was also taken into
account, by comparing wines that underwent
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co-inoculated MLF and spontaneous MLE

For each matrix (Sangiovese and Merlot,
2011), wine was dispatched in 3 different 25L
stainless-steel tanks, different treatments
were applied: control (untreated); chitosan 4
g/hL, no rack-off, no batonnage (stirring); chi-
tosan 4 g/hlL, no rack-off, batonnage once a
week. After the treatments, each tank was
inoculated with B. bruxellensis cells (pre-
adapted to wine) at the rate of 10* CFU/mL.

At the end of alcoholic fermentation 2011,
wines Merlot and Sangiovese were separated
into 2 lots each. One lot was inoculated with
selected lactic acid bacteria (Oenococcus oeni)
and the other went through spontaneous ME.
At the end of MLF, for each lot, wine was put
into 3 separated barrels for 9 months aging,
with different chitosan treatments : control
(untreated); chitosan 4 g/hL, no rack-off, no
batonnage; chitosan 4 g/hL, no rack-off, baton-
nage once a week. The same trial was conduct-
ed on a 2012 Sangiovese after MLF completed
by co-inoculated lactic acid bacteria, on a larg-
er number of barrels (4 per condition).

Follow-up of the experiments

Classical chemical parameters were anal-
ysed at the set-up of the trials and at the end of
the aging period. The analytical methods used
were those recommended by the International
Organisation of Vine and Wine (OIV). Sugars
were analysed by alkylamine-resin HPLC (OIV-
MA-AS311-03),5 alcohol by volume by den-
simetry using hydrostatic balance (OIV-MA-
AS312-01A),'® pH by potentiometry (OIV-MA-
AS313-15) and sulfur dioxide (free and total)
by iodometric titration (OIV-MA-AS323-04B).!"

Quantification of B. bruxellensis cells were
performed at the set-up of the trials and every
month during the aging period, by plating on
selective medium after proper dilutions (mod-
ified DBDM-agar'® containing cycloheximide
50 mg/L,} incubation for 10 days at 26°C).
Quantification of volatile phenols was per-
formed at the set-up of the trials and at the end
of the aging period by HPLC on an RP1§ col-
umn with a fluorimetric detector.”

Results and Discussion

Experimental-winery scale

As a general remark on B. bruxellensis con-
tamination, higher microbial populations were
reached on Sangiovese compared to Merlot,
although alcohol level and pH were similar and
no residual sugars were present in the 2 wines
(Merlot: alcohol 13.91%, pH 3.41, residual sug-
ars 0.90 g/L; Sangiovese: alcohol 13.78%, pH
3.37, residual sugars 0.86 g/L). In the experi-
mental-winery experiment, where B. bruxel-
lensis was inoculated on wines after the chi-
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tosan treatment, we observed a clear impact of
chitosan on the evolution of B. bruxellensis
population along the 6 months. The best con-
trol of B. bruxellensis contamination was
achieved with batonnage on the Sangiovese
wine, and with or without batonnage on the
Merlot wine (Figure 1). It is important to men-
tion that wines had been previously desulphit-
ed and no SO, was added, which may explain
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Figure 1. Results of the experiment conducted at experimental winery-scale in 2011: B.
bruxellensis populations in Sangiovese (a) and Merlot (b) wines
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Figure 2. Results of the experiment conducted at winery-scale in 2011: B. bruxellensis
populations in Merlot [spontaneous malolactic fermentation (a) and co-inoculation (b)]
and Sangiovese [spontaneous malolactic fermentation (c) and co-inoculation (d)] wines.
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Figure 3. Results of the experiment conducted at winery-scale on the 2012 Sangiovese
wine [Brettanomyces bruxellensis population follow-up (a) and final volatile phenols con-

centrations (b)].
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without batonnage, helped to prevent B. brux-
ellensis growth up to 6 months in this condi-
tion, especially in wine with spontaneous MLF
(Figure 2a). On the 2011 Sangiovese wines
(Figure 2c and d), where B. bruxellensis popu-
lations were slightly higher, it is interesting to
notice the positive impact of bacteria co-inoc-
ulation on B. bruxellensis contamination, as
previously described.!!

Furthermore, B. bruxellensis development
occurred earlier in wines non-treated with chi-
tosan, confirming the impact of the compound.
Again, it is important to mention that wines
did not receive any SO, addition during the 6
first months of aging.

Finally, wines were analysed for classical
phisico-chemical parameters (data not shown)
and tasted after the 9 months and no impact of
the contact with chitosan was observed
(volatile phenols remained under sensory
threshold, data not shown).

2012-13 experiments

Observations made on 2011 were confirmed
on a 2012 Sangiovese wine, regarding the
impact of chitosan on the long-term applica-
tion to protect wines against B. bruxellensis.
During aging, when kept in contact with wine,
the addition of chitosan without batonnage led
to a lower contamination of B. bruxellensis,
(Figure 3a) which is correlated with a lower
volatile phenols concentration compared to the
treatment with batonnage and to the control
(Figure 3b).

Conclusions

The goal of this work was to evaluate a chi-
tosan formulation as a tool to protect wines
against B. bruxellensis along the time of aging.
On the one hand, the pilot-scale experimenta-
tions simulated how a chitosan treatment
could prevent from the growth of a following
contamination with B. bruxellensis. The
results show that the tested chitosan formula-
tion may offer a preventive tool in order to pro-
tect the wine from Brettanomyces bruxellensis,
when leaving the chitosan formulation in con-
tact and resuspending it. Indeed, we observed
that batonnage seemed to help to limit B. brux-
ellensis growth. On the other hand, the winery-
scale experiment, where the contamination
was natural (from wine and barrel), led to the
conclusion that chitosan can be a tool to con-
trol B. bruxellensis in the context of aging in
barrels along the period of aging. In that case,
the treatment without stirring (batonnage)
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seems to lead to the highest inhibition, possi-
bly due to the presence of a lower B. bruxellen-
sis population. In any case, chitosan treat-
ments allowed to keep Brettanomyces popula-
tions under control during the long-term con-
tact, also limiting the rise of volatile phenols
production by this yeast.

The whole data set of this work shows for
the first time the impact of a long term contact
(up to 9 months) of chitosan to prevent B.
bruxellensis growth in in wine, as consistent
results were observed in different grape vari-
eties (Merlot and Sangiovese), different con-
tamination conditions (artificial and natural)
and on two subsequent vintages (2011 and
2012). Fungal origin chitosan preparation can
be a useful tool for winemakers to control B.
bruxellensis in wines during aging, when cou-
pled with a regular survey of microbial contam-
inations in wines. Also, these results confirm
that a good management of MF during wine-
making process (here achieved by yeast-bacte-
ria co-inoculation) can be coupled as another
preventing tool to avoid Brettanomyces growth.
Further experiments would be needed to better
clarify the impact of batonnage on the action of
chitosan.
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